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INTRODUCTION

B. Kuehn

The Dubna Deuteron Workshop was organized by a broad collaboration,
which concentrates on the investigation of the deuteron structure at
small distances or large internal momenta. This collaboration arose si-
milar to a selforganizing system partly around the experimental-techni-
cal basis at the Laboratory of High Energies in Dubna, partly initiated
by the large group of physicists at LIYAF in Gatchina engaged in this
field and is strongly stimulated and supported by many theoreticians at
JINR and many other institutes of the USSR.

The research programme of the Laboratory of High Energies is con-
centrated on the problem of quantum chromodynamics at large distances.
Up to now this section of the universal theory of elementary particlesd
(standard model) is still least investigated and least understood. One
of the parts of this program is the investigation of the deuteron struc-
ture.

The deuteron is the simplest nuclear system. It is composed of two
nucleons, which themselves are complicated systems. They are overlapping
at small distances forming a 6q-state. So in the deuteron a whole com-
plex of problems can be studied:

- the nucleonZnucleon interaction at small distances,

- properties of overlapping bags,

- quark-gluon degrees of freedom;

- the nature of the confinement,

- determination and explanation of the static properties

of the deuterom,

- and as a feed back effect additional features of the

nucleon structure.

A more conventional output is the further completion of our know-
ledge of the deuteron wave function. Up to now the different potential
models fail in giving a unique answer concerning the relative D-state



amplitude at distances smaller than 1.5 fm. Moreover inside the core
the wave function is a matter of extrapolation or speculation. As we
will see, our experiments offer pessibilities for a comsiderable pro-
gress in the solution of this problem and will provide new constraints
for the construction of potential models or, generally speaking, of the
NN interaction.

At present in the research of the deuteron structure in Dubna are

involved the following groups:

Experiments at the Synchrophasotron of LHE:

- INESS-ALPHA (LHE)}, a magnetic two-arm spectrometer for the study
of fragmentation processes in inclusive and exclusive measure-
ments and suitable as polarimeter and for polarization experi-
ments;

MASPIC (LCTA), a magnetic two-arm spectrometer with one arm for

fast particles in forward direction and one arm at large angles;

DISK (LHE), a two-arm magnetic spectrometer with a broad angular

region of both arms;

- ANOMALON (LSHE), a magnetic spectrometer for forward directed
particles with a large solid angle;

- Hydrogen Bubble Chamber UBK 100 (LHE), a 4% -detector for fragmen-

tation processes, particle production and for polarization mea-

surements.

- Polaris (LHE), the source of polarized deuterons.

These setups are installed at the beam lines of the Synchropha-
sotron and can be supplied with every beam from this accelerator inclu-
ding polarized deuterons with momenta up to 9 GeV/c. They are equipped
with liquid hydrogen or deuterium targets. The polarized deuteron beam
is produced by the cryogenic ion source POLARIS installed 6 years age
by the crvogenic group of Yu.K.Pilipenko. Vector- and tensor-polarized
deuterons are available. The experimental work with the polarized beam
is fully established and reliable.

The experimental groups are strongly supported by the theoretical
groups of V.K.Lukyanov at the Laboratory of Theoretical Physics and of
G.I.Lykasov at the Laboratory of Nuclear Problems.

The quoted groups are united in a central research project of
JINR called: '
"Search and Investigation of Non-Nucleon Degrees

of Freedom and Spin Effects in Few Body Systems'.

This work in Dubna is supported and supplemernted by further groups

at other institutes in the Soviet Union. Experimental work with an old
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tradition is performed at LIYAF, Gatchina, at the 1 GeV proton synch-
rocyclotron, at the electron accelerators at the Kharkov Physical-Tech-
nical Inétitute and at the Institute of Nuclear Physics of the Sibirian
Section of the Academy of Sciences in Novesibirsk. Theoretical groups
are working in this field at the Moscow State University, at the Ins-
titute of Theoretical Physics in Kiev, at the Tashkent State Universi-
ty, at the Far East University in Vladivostok, at the Moscow Insti-
tute of Theoretical and éxperimental Physics and at the Physical Insti-
tute of Academy of Sciences.

Recently the scientific council of the Nuclear Physics section of
the Academy of Sciences has stated the high scientific significance of
the research in our field in Dubna and the other institutes and recom-
mended its further financial support.

Institutes of other states, . members..of JINR, -such as Bulgaria,
Czechoslovakia, Germany, Poland and Rumania are also involved in our
program. Joint experiments with SATURNE, France and at the COSY instal-
lation in Yulich, FRG are being in preparation.

Thé technical basis here in LHE is still the Synchrophasotron. It
will be replaced in the near future by the new cryogenic synchrotron
NUCLOTRON, which is inthestate of assembly. The prospects of the in-
vestigation of the deuteron and of polarization experiments will be
presented in detail by the following speakers.

These prospects need the support of our community to gét the ne-
cessary funding. Therefore the organizing committee proposes our colla-
borants to agree at the end of the meeting a short statement concer-
ning the scientific significance of our research and the development
of the technical basis. We cordially invite our guests to take part in
the discussion of such a statement.

Now some words about the construction of our program.

We have to deal with a system consisting of two nucleons, which
are also composite particles of complicated structure and are overlap-
ping at small distances. So our problem has a dialectic aspect: the
deuteron has to be understood, as well as a compositesas an entire ob-
ject. To illustrate this situation I would like to quote a poem of the
famous German poet, thinker and scientist J.W, von Goethe [1]. He me-
ditated just on such an aspect concerning the leaves of the Gingo tree,
which are splitted in the shown manner (Fig.1)



Fig. 1. Leave oftheGingo tree.

Gingo Biloba
Dieses Baumes Blatt, der von Osten The leaves of the Gingo tree,vwhich from ‘I:he

Meinem Garten anvertraut, Was entrusted to my garden,

Gibt geheimen Simn zu kosten, Give to taste me secret sense
Wie's dem Wissenden erbaut. How it satisfies the wise.

Ist es ein lebendig Wesen, Have we here a living being,

Das sich in sich selbst getrennt? Which divided self itself?

Sind es zwei, die sich erlesen, Are there two, which give to know,
Dass man sie als eines kennt? That they are a single one?

Solche Fragen zu erwidern Search an answer to such questions,
Fand ich wohl den rechten Sinn; As I found, makes real sense;
Juehlst Du micht in meinen Liedern, Don't you feel it in my Songs

Dass ich eins und doppelt bin? That I'm as well one as double?

Outgoing from the point of view "Are there two, which give to know,
that they are asingle one", we decided to 1m:1ude into our program a re—
view ‘talk on the status of our knowledge of © the nucleon structure.
After this it is natural to dedicate a session to that, what makes them
a "single one”, that means to the NN-interaction in the light of pheno-
menological potentials, bag models and QCD.

The main part of the program is devoted to the experimental study
of the deuteron structure by means of hadronic probes, i.e. by nucleons
and pions, and the theoretical interpretation of these experiments.
These are the central activities here in Dubna

By these means we are studying essentially the dynamical properties
of the deuteron. The static properties of an object, its geometry, con-
figuration, symmetries,etc., are important but cannot present the com-
plete picture.

This I want to demomstrate by surely the only experiment, which we
will see live at this workshop (Fig.2). The considered system consists




of one double conus, which I will call "bolus", and two inclined rails
in a specific configuration, the "antibolus". These particles together
are forming none other than the "diabolus'. The "diabolus" is charac-

terized by its geometrical parameters and by one axis and several planes

Fig.2. The two particle system "diabolus"

of symmetry. But from this we are learning not very much about the na-
ture of this system. To study the dynamical behaviour we must excite
the system. So I kick the "bolus" off its position on the top of the
rails. Tt goes down, but soon it climbes back to the top, goes over

the top down on the other side of the rails, comes back to the top

and so on. It oscillates obviously around its stable position, which is
paradoxically just on the top. We of course easily find the explanation
of this strange behaviour and understand that the static picture of
our system was extremely incomplete. We need a further particle to ex-
plain the dynamics of the "diabolus" and this is not more and not less
than the earth,which . supplies us with the gravitation, respensible for
the observed motion. The analysis of these dynamics allows us to deter-
mine the role of the different parameters of the system, their mutual
dependence, the limits of parameters within which we find a certain be-
haviour.‘That means we get only from such an experiment the full under-
standing of the ohject.

The same is true for our study of the deuteron. We need its static
parameters and we need the dynamical behaviour of it, that means the
interaction with other particles, its fragmentation under certain condi-
tions, for instance in a polarized state, formation of highly excited
states (dibarions, narrow resonances) or the interaction of it as a cu-
mulative particle, as "a single one".

The investigation of the deuteron by hadronic probes is supplemen-
ted by experiments at electron beams. The study of the deuteron is an
important part of the research programs at SLAC, CEBAF, at Novosibirsk,
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Kharkov and at other electron accelerators. The results of these experi-
ments are of extreme importance for our knowledge of the deuteron struc-
ture. So our workshop would be rather incomplete, if we wouldn't take
into account these investigations.

Unfortunately the problem of the relativistic description oflthe
deuteron up to now is not uniquely solved. This is a principal diffi-
culty for all relativistic many body systems. In our case it is a cru-
cial point for all interpretations of our experiments. Different pro-
cedures of relativisation result in different predictions. Therefore
we included a special session for the discussion of this fundamental
problem.

Last but not least we organized two talks, a theoretical one and
an experimental one, on the spin structure of the nucleons, which is
studied Nowadays at high energies. It should strongly affect the spin
structure of the deuteron at small distances. So we are immediately
connected with this problem and, perhaps, will have the possibility
to seriously contribute to these investigations.

After this short survey of our program let us start our work.

I wish you an interesting meeting with many stimulating discussions.

Reference

[1] Johann Wolfgang v. Goethe (1749-183Z), West-Oestlicher Divan,
translation by B.Kuehn.
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We would like to tell,briefly, about the project of experiments,
jts status, organization and preparation of necessary equipment. The
proposal of experiments was entitled as: "Measurement of A_GJL and
4G5 Total Cross Section Differences in Transmission Experiments at
Energies of 1 - 4.5 GeV/N of Polarized Deuteron Beam at the Dubna
Synchrophasotron and Nuclotron'.

We propose to start systematic investigations of spin effects in
NN-, dN-, and dd-scattering over this energy region. Systematic inves-
tigations of NN-scattering in a several GeV energy region are fundamen-
tally important for understanding of the NN-force nature and nuclear
core spin structure. In addition, it will be interesting to discover
some anomalies in energy dependence of spin observables (they can be
related to nonnucleonic degrees of freedom of nuclear matter) .

The presence of the polarized deuteron beam (up to 10 GeV/c) at
the Dubna Synchrophasotron of the High Energy Laboratory (JINR) allowed
to obtain first data concerning the spin structure of deuteron core

and gives unique conditions for the advance of studies in the field of re-
lativistic ruclear physics (investigation of the lightest nuclei structure
at small distances) and for experiments on NN-scattering. Measurements
of the differences & Gl and A(TT- of pure spin state total cross sec-
tions for mnp-interactions at incident neutron energies of 1-4.5 GeV

are the first experiment of the planned programme. Results of this expe-
riment will immediately allow us to estimate how large spin effects

are and whether the structure of the energy dependence A CrL;T’ exists
in this energy region.

The intention of the A_Gd -experiment had been given in the main
by Professor F.Lehar as a natural extention of the Saturne II NN-prog-
ramme to a higher energy region. For exmmple, we attract your attention
to extracts from the status report of the Saturne II Nucleon-Nucleon
group/lfz"lt will be useful to mention a possible extention of the np
spin dependent total cross section differences above the Saturne II
energy region in context with checks of a possible structure observed
in A(TL energy dependence by ANL-HEP physicists. At present, the unique
accelerator providing a polarized deuteron beam is the Dubna JINR-LHEP
synchrophasotron. A variablé momentum of the Dubna accelerator reaches
up to 9.5 GeV/c. The intensity of this beam is more than 109 deuterons/

spill which may provide more than 105 neutrons/ spill on the
target. This allows to use the stable low-efficiency transmission de-

tector...”.
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Project Stat
AG 1.7 Frejec atus

- Several times the project was reported to scientific audience;

- 1t had obtained positive references of critics and high appreci-
ations of experts of the LHE Scientific Technical Council;

- it had beenapproved by the LHE Scientific-Technical Council and the
JINR Scientific-Coordinated Council;

- it had been included in the JINR Problem—Subject Plan of 1991;

- the realization of this project was started from the end of 1990,

Formalism )

The des¢ription of the nucleon-nucleon experiment formalism had
been given on the whole by J.Bystricky, F.Lehar and P.Winternitz /2/.
The total nucleon-nucleon €ross section is written down as the sum:

C‘to‘c = Go,tot + (’—:s,'{ui' (_ﬁn'ﬁr) 2 Gz,tct (ﬁgi)(ﬁv g) ' (nm

where —153 and _P.'T are the polarization vectors of beam and target, res-
s o - - -
pectively, K is a unit vector in the beam direction, and Go tot 1S
2
the unpolarized total Cross section. The twe other cross sections are

related to the observables AG—L and AUT by

AGL = G—(Z)_G(:)“"2(61,101"“0-2,-tot) e
AGT =G U -G (44

where A G—L and AGT are the cross section differences measured with
beam and target polarization vectors parallel and antiparallel to each
other, and oriented longitudinally {AG_LJ or transversally (AGT) with
respect to the beam. i

The isoscalar parts of AGL and é.G_T can be evaluated according
to equations:

. 2' G‘i ,'to't - [3)

AGL,T(I=0}=91\~GL,‘!‘(”P)— AG L+ (pp) . (4)

To demonstrate the values of the measured total Cross section dif-
ferences,we show (see Fig.1 and Fig.2) the existing AG-L T data for
np-interactions from the SaturneIl Nucleon-Nucleon group papers“’s’d'{

As is seen, the values of total tross secticn differences are of
several millibarns.
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Organization of the AG -Experiment

Figure 3 shows a scheme of an experimental set-up. The elements of
this scheme are the following:
DP - the two arm deuteron beam polarimeter;
TS - the Be or C neutron production target;
DM - the cleaning dipole magnet for sweeping charged particles
(protons, deuterons,...) from the neutron beam direction;
CD - blocks of biological defence; collimator for forming of the
necessary cross section of the polarized neutron beam (about 30 mm
in diameter);
SPM - the spin-precessing magnet;
PPT - the polarized proton target;
I - the neutron beam intensity monitor before the polarized target;
TD - the transmission detector to measure the neutron intensity be-
hind the PPT;
and, lastly, NP - the neutron beam polarimeter for controlling the
T or L neutron polarization directions.

The polarized beam of free meutrons is gemerated by the polarized
deuteron break-up on the production target TS' The spin-dependent cross-
-sectionsare measured by the attenuation of the pelarized neutron beam
passing through the polarized proton target PPT. For measuring A G-
the spin-precessing magnet is turned off. The vertical direction of the
neutron beam polarization vector remains as an accelerated and extrac-
ted deuteron beam one. For measuring A(TL the spin-precessing magnet
is turned on and neutron spins are precessed intc the longitudinal di-
rection. The PPT polarization must alsoc be oriented in the vertical
(fol‘A(rT} and longitudinal (for u(TL) directions.

Now, let us fix your attention on some characteristics of the
planned set-up elements and equipment which are necessary for the
set-up running.

Polarized Deuteron Beam

We shall use polarized deuterons of the slowly extracted beam lines
MV1 and VP1 at Experimental Hall 205 at the High Energy Laboratory of the
JINR. The beam momentum can be changed from approximately 1 GeV/c up to
roughly 9 GeV/c. At present, the intehsity of the polarized deuteron
beam is approximately 2-109 deuteron/cycle. The value of the beam vec-
tor polarization is approximately PI‘ 0.4, that is ~ 60% from maximum
value only for the vector polarized beam. The sign of the beam polariza-
tion can be changed cycle by cycle.



Beam lLine Deuteron Polarimeter

We shall use the working polarimeter of the ALPHA set-up. This is
/57 at focus F5 of the VP! beanm

line, For measuring of two values g and —pl_with 5% accuracy only
9

the fast two-arm deuteron polarimeter
~ 15 minutes are necessary at the deuteron beam intensity of 10° deu-
teron/cycle. The polarization components of the polarized deuteron -
beam are determined in the elastic forward scattering of 3 GeV/c deu-
terons on hydrogen because in this case calibration data for the ana-
lyzing powers are known with a good accuracy. Elastically scattered
deuterons on protons (liquid hydrogen is used) are detected in a set
of scintillator counters in forward directions in coincidence with
recoil protons using A E-E scintillation telescopes.

The incident beam monitoring is carried out with the gas ioniza-

tion chamber.

Neutron Beam

An intense polarized neutron beam with well defined orientation
of polarization and small energy spread will be obtained by a break-up
of polarized deuterons on a production target. The neutron beam axes
can be chosen either as the direction of the beam line VP1 or the 4V
one before the 2S5P12 magnet. At present, the VP1 direction is more
preferable for a better biological defence.

The neutron generation target T5 (approximately 20 cm thick Be
or C) will be placed before the 35P12 magnet, i.e. cleaning magnet.

The calculations show that for the deuteron beam intensity of 1ng/cyck
at the 15 m distance from the 20 cm thick C target, the neutron flux
through a cross section of 2.5 cm in diameter will be 2.4X105 neutron/
/cycle for the deuteron momentum of 3 GeV/c and 2.2X106 neutron/cycle
for the deuteron momentum of 9 GeV/c.

In the 4V beam direction the testing runs for tracing of the
neutron beam axes and measuring of the neutron flux were made at the
end of December 1990 and March 1991. The neutron flux at the PPT pla-
cing area for the above mentioned conditions was estimated as 106
neutron/cycle for the deuteron momentum of 9 GeV/c.

Without a collimator and with the cleaning magnet turned on the
charged particle background at the PPT placing region was estimated
as 5% from the neutron flux. Now the collimator mounting is being
nade at the end of the VP1 direction.
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Spin-Precessing Magnet

In order to precess neutron spins from the vertical direction to
the longitudinal one, it is necessary to have a dipole magnet with a
side-way magnetic field direction and a magnetic field integral of
about 2.5 Teslameter. It will be obtained using a usual "warm" magnet
of the SPS4 type.

Intensity Monitor and Transmission Detector

To measure A(rT Le the same method as Saturne IT and PSI by
F.Lehar et al./1’6/ will be used. Detectors for monitoring the inci-
dent collimated neutron heam and the neutrons having passed through the
target are CH2 convertors and scintillation counters. The convertors
are placed immediately behind a large veto scintillator and charged
particles emitted forward are detected by two counters in coincidence.
This methed is less efficient but provides better stability of detec-
tion efficiency compared to the live-target one.

Transmission measurements of the deuteron~-proton total cross sec-
tions can be also made with a high rate if the whole deuteron beam in-
tensity and integral type detectors (ionization chambers or current
regime scintillation counters) will be used.This method allows one to
measure quickly and with high statistical precision the energy de-
pendence of the deuteron-proton and deuteron-deuteron total cross sen-
tion differences. Tt is important for the problem to search for high
excited states of 3N- and AN-systems.

Polarized Proton Target

Various possibilities to get a sufficient volume PPT were studied.
There ate two ways: either we use PPT from other scientific centers or
Create an own large volume PPT at the JINR. The JINR specialists sug-
gested the project of creating a frozen spin mode polarized proton
target with a volume of about 0.5F. This "big" target is planned to
be put into operation at the end of 1994,

The possibility of bringing PPT from other scientific centers to
the first stage of experiment is studied. So, it is possible to use
the Argonne - Saclay PPT (~ 140 cm3)/7/ which may be brought from the
FNAL.

Let us fix your attention to some statistic estimations. Ta get
one value of AC;(np] at fixed energy with the statistical error of about
0.1 mb using the 30 cm length PPT, ¢ne needs . 50 hours for the value
of the polarized deuteron bean intensity I~ 1 x 199/cyc1e. If integral
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type detectors are used, the same AK;(dp) statistical error can be ob-
tained for the 4 cm length PPT within 20 minutes.

Data Acquisition System

The system of automatization accepts data from the computer of the
beam control and the beam channel group, the direction of the beam po-
larization data from the automatization subsystem of the ALPHA polari-
neter and data from deuteron beam position and dimension detectors loca-
ted in several beam trajectory points. Every one-cycle and summary run
information may be monitored visually with the help of graphic displays.

If necessary current target parameters such as polarization, tem-
perature and magnetic field parameters must be included in the monito-
ring data. In this case the system of automatization is linked with the
target monitoring subsystem. After each cycle the monitoring data must
be recorded together with the main data.

The main data are an array of monitoring numbers, about 20 16-bit
words being read from CAMAC scalers. Parallel with statistics being obtained,
the pulse height distribution measurement for each counter of the neu-
tron detecting system is triggered additionally to control information
with the help of charge-digital converters.

The system consists of an IBM PC XT/AT computer based on a microcom-
puter and a CAMAC parallel branch driver interface in the PC input-out-
put system. In accordance with the EUR 4600 document the driver is able
to drive a branch with 7 crates. The driver is manufactured as a CAMAC
unit and located in one of the branch crates. Colour TV monitors con-
trolled by interfaces in CAMAC crates are used to present the informa-
tion in a graphic form. For the system control and tests a toggle-switch
and parallel input-output CAMAC registers are used.

An on-line programme in PC controls the set-up. The operator in-
terface of the system is based on an electronic table: the hardware
configuration, i.e. types, characteristics and station numbers of
CAMAC modules, statistics obtaining regimes, types of graphics to out-
put on TV screens and other input system parameters are specified as
elements of the electronic table.

By data acquisition the IBM PC accepts data from the CAMAC to the
PC RAM, then together with the transputer processes the data and trans-
mits the information in a graphic form on the PC display or TV moni-
tors. The information is written down on a fast tape cartridge or througl
the EC 1010 (Mitra 15) minicomputer on a magnetic tape with standard
density.
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NN INTERACTION FROM QUARK MODELS AND QCD

%
H.J. Weber
University of Virginia, Charlottesville, VA 22901, USA

1. Introduction

Since nuclei are composed of nucleons it has been a goal of nuclear
physics to explain nuclear properties starting from the nucleon-nucleon
{NN) interaction. Thus, NN scattering has been studied intensely and
for more than fifty years.

Yukawa’s pion exchange (OPE[1]) has provided the first mechanism for
the nuclear force. The OPE potential is the component of longest range
because the pion is the lightest meson and the mass of the exchanged
mescn is inversely proportional to the range of the force. From peri-
pheral phase shifts and accurately measured deuteron properties, such
as its quadrupole moment and asymptotic D/S wave function ratio, the
pion-nucleon coupling constant s S is known within a few percent, and

the OPEP has been disentangled from the remaining (two-pion, TPE, and
vector-) meson exchanges and other non-mesonic contributions at shorter
internucleon distances. The pionic exchange current (MEC) is a direct
consequence and prediction of the OPE mechanism. It has been clearly
observed in the electro—disintegratigT of the deuteron near threshold
at large momentum transfer (¥,4.5 fm ), where the pion-MEC fills in a
zero in the transition to the S0 wave. This confirmation of the pion-

MEC has put the OPEP on firm grounds, albeit as an effective degree of .
freedom of ‘the strong interaction at low energy [2].

The pion-nucleon (and all other meson-nucleon) vertex form factor is
less well understood as it is related to the internal structure of the
nucleon. Nucleons and mesons are long known to be composed of quarks.
The constituent gquark model (NQM) gives a fair account of their inter-
nal structure. The exclusion principle for quarks has led to the color
concept as analog of charge for the strong interaction between quarks,
where each quark carries one of three colors. Since the early 1970’s
quantum chromodynamics {(QCD, [3]) has evolved as the SU(3) =-color gauge
theory of the strong interaction, in which quarks and eight gauge bo-
sons, called gluons, are the fundamental pointlike particles. QCD has
two interrelated unusual properties. Asymptotic freedom says that its

running coupling constant, as(qz} = g2/4n, becomes small at high momen-
tum transfer qz, so that perturbation theory applies there, while it

grows larger at low qz, thereby helping to confine quarks and gluons
inside color singlet hadrons.

As the nuclear forces are the long range part of the strong inter-
action, there have been numerous attempts to derive them from QOCD. Some
involve effective quark-antiquark exchange motivated by the correspond-
ing valence quark content of mesons. This will be discussed in Sect. 2
and nen-mesonic quark interaction models in Sect. 3. Another fruitful
approach involves the large color limit of a SU(NC), Ncem, gauge theory

where meson dynamics is reproduced and baryons become topologically
stable meson configurations [4]. Such a theory of pions and a nucleon
soliton was first proposed by Skyrme [5]. More recently isospin-sSU(2)
instantons have been used to construct approximate Skyrmion solutions,
[6]. These aspects will be discussed in Sect. 4.

*Supported in part by the U.S. National Science Foundation.
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2. puark-Antiquark Exchange

The nuclear force is known to be charge independent, and the neutron
and proton masses are nearly the same. They represent a doublet, and
the three pions a triplet, of the underlying SU(2) isospin symmetry of
gcp, which is broken by the electromagnetic interaction to a few per—
cent. The small pion mass compared to all other hadrons can be under-
stood by the chiral symmetry of OQCD, which leaves the gquark helicities
{their spin projection along their direction of motion}) invariant. Or
equivalently for zero mass guarks, the axial and vector currents are
conserved. The non-zero pion decay constant f = 93 MeV in the axialvec-—

tor matrix element <0iA“|n(p)>— ifnp“ signals the spontaneous breakdown

of chiral symmetry in QCD. This is gqualitatively well described by the
Gell-Mann - Lé& sigma model which has a Mexican hat-type potential for
the quartet. (o,1) of scalar fields so that the isoscalar o develops a
non-zero vacuum expectation value Ty at the rim of the hat [7}. The

pseudo-scalar isovector pion field becomes the Goldstone boson associa-
ted with the degenerate ground state along the rim of the hat. Quargs
acquire a constituent mass mq = gf, = 9% where g is the common o-7

coupling constant. However, a far smaller scalar coupling constant is
needed in the NN potential for the spin-isospin independent attraction
at medium distances, if it is parameterized in terms of a o-meson ex-
change with a mass of about 0.55 GeV.

In the MIT bag model (usually) massless free guarks and gluons are
confined inside a sphere that is surrounded by the QCD vacuum. Inside
there is a perturbative vacuum SO that asymptotic freedom holds; out—
side chiral symmetry is brokgqufpontaneously. At the bag boundary Tr=R,
there is no radial current, r-q¥g=0, which corresponds to an infinite
square well confinement potential and the boundary condition

—ir-?q=q, r=R. (1)
When a quark reflects from this surface, its spin will not be turned
around so that its helicity is not conserved there. To remedy this vio-
lation of chiral symmetry the pion field is coupled to guarks at the
surface r=R in order to chirally rotate their spin (chirality is equi-
valent to helicity for massless guarks) . Thus, ed.({(1) is replaced by

il § .

—1r~7q=exp(13-?15/fn)q, r=R. (2)
The continuation of the axial current r-&ws?%q/z inside (for the lowest
Dirac wave function with S-wave large component) to f“roﬁﬁ outside de-

termines the pion-quark coupling constant from which the pion-nuclecn
coupling constant follows [8]. A nucleon bag with a pion source on its
surface will generate the conventional OPEP (and TPEP) of the NN force,
when the pion is allowed to propagate inside the bag. In that case chi-
ral symmetry is spontaneocusly broken also inside the bag, SO that there
will be constituent guarks rather than current guarks, just like in the
naive quark model. Although the bag was designed as a relativistic mo-
del of asymptotic freedom and confinement in QCD, it is not Lorentz in-
variant (neither guarks nor the bag can be boosted properly; alterna-
tive covariant quark models are developed on the light cone [91) and it
appears to be inconsistent with QCD sum rules. From the latter we know
the value of the gluon condensate
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<(ngv)2>0 = 0.5 Gev?, (3)
which, using the trace ancmaly of QCD, gives an estimate for the energy
density difference between the hadron and the wvacuum around it [10],
which is given by the bag constant B in the bag model,

_ ns 0 c 2 2ot o 3.
evac—tr(Tuv}/4 = =[33 ZNf)<(gFuv) >0/3n 2" = —-0.5 GeV/fm 10B. (4)

This means that B is ten times too small and the concept of a perturba-
tive vacuum inside at low energy is not correct, constituent quarks (in
an instanton vacuum) are required to restore the energy balance. None-
theless, from chiral bag models we learn that the chiral symmetry of
QCD for confined quarks requires a pion cloud around hadrons. It pro-
vides the link with nuclear forces at long and intermediate ranges.

A more general treatment allows including other mesons as well upon
starting from the generating functional of QCD (without the gauge fix-
ing and ghost terms)

Z(3,m,7m) = N{DADGDQA exp{ifd’x [L+J-A+gn+nq]) (5)
c
_l.c uyr,c - p,. o AC (ol C_ c cab,a,b
o +ar (19,95 A, e B 9B +gf AR, - (6)
We know that the nonlinear terms in the field tensor FEV and L are ul-

timately responsible for asymptotic freedom at high momentum and for
color confinement at low momentum. If we ignore them, the gluon fields
can be integrated out leading to the quark action L_ in the functional

Weexp(iL /2) with the quark current 7% = g3y*»Sgq/2 in

L= Satxatyat (6, (xmy) ¥ (y) (7)
and the gluon propagator Gup. Upon modifying the short range components
of Guv S0 as to reproduce asymptotic freedom and those at long range to
generate a linear confinement potential, one can put back into the ef-
fective gluon pPropagator Guv in eq.(7) the most important nonlinear ef-

fects of (5). With that in mind, let us consider two quarks, one from
each surface of two colliding nucleons. If the nucleons do not overlap,
color confinement precludes the direct term in eq. (7) from contribut-
ing to their interaction. Upon Fierz transforming the exchange term

= hc - c_ _8,= = = = %
G A Ay 9 TN A5y, 9, 9),9,4T,, 1000, 0T, , dr 0,
Wy, i759, 4),4759,+3,,20,-q, ,%q,)
4 .- . v I = v - .

508,17 2a, 03, , 1, %q, 43, 175" 20,-q, , dv gr By )+ (8)
were repeated indices are summed over as usual, it displays its color
singlet, chiral invariant quark transitions [11]. This approach has
been generalized to a bosonization of QCD in terms of meson fields [12]

ignoring correlations from instantons. If eq. (8) is restricted to a
single point x, i.e. Guv is dominated by a contact term, eq. (8) would

represent the interaction Lagrangian of a Nambu-Jona-Lasinio model [13]
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which is known to drive meson dynamics and exhibit spontaneous break-
down of chiral symmetry. For the ¢ and m channels there is support for
a nearly pointlike four-quark interaction from instantons and for vec-
tor-mesons from the hidden SU(2) symmetry [13].

Instantons are non-perturbative self-dual Yang=-Mills soclutions of
finite energy in 4-dimensional Euclidean space of any SU(2) subgroup of
SU({3)-color [14]. They do not confine, but appear to stabilize at the
small size of about 1/3 fm. Assuming a quark condensate, <gg>,* 0

inducing a rearrangement of the vacuum leading to a spontaneous chiral
symmetry breakdown, gquarks in an instanton vacuum are known to become
constituent quarks. The relevant Lagrangian [15] is

L = q(ira-m) q+e( (3D >+ (@iv Fa) *- (@ivgm *- (T} %), (9)
vhere all guarks are located within the size of about 1/3 fm of a typi-
cal instanton and ¢ depends on the instanton density. Thus, the guark
contact approximation seems realistic for the scalar-isoscalar (¢) and
the pseudoscalar-isovector (i) channels upon comparing egs. (8) and (9).

Using bag model quark wave functions as a confinement mocdel we can
infer from eq.(8) meson-quark couplings in lowest quark loop order e.g.

I-‘rrl\}'l\l

]

e<N|ra’r (Tir 2a) exp (i§-7) | N>, (10)

Tty (G4 2) <N | fadr (qieFRy) exp (13-F) N> , etc. (11)

where G is a common cquark-meson coupling constant, the integration is
over the bag interior and |N> denotes the spin-isospin three-quark nuc-
leon wave function. Numerical results in Table 1 for the bag model and
other confinement models, such as the NOM with relativistic corrections
(CQM) or a linear confinement potential, show encouraging similarities
with meson-nuclecn coupling constants extracted from NN data and the
vector dominance model [16)]. While there is one coupling constant and
one D/F ratio for each mesonic SU(3) flavor octet, the only parameter G
of the quark interchange model follows from the Goldberger-Treiman re-
lation. This model has also been extended to hyperons {17].

It

TABLE. Comparison of meson-nucleon coupling constants from various
confinement models. Tensor couplings are in parentheses

Meson Mass MIT Bag Linear CcoM Bonn
", 1) (GeV) conf.pot. Pot.
e (0,00 1.2 3.89 4.53 6.79
a0(0+,1) 0.98 0.44 0.5 0.75 1.69
n.(0_,0) 0.5488 4.87 5.32 4.83
m (0_,1) 0.1385 13.4 14.8 13.4 14.08

w (1_,0) 0.783. 6.0 (~0.4) 3.78(-0.5) 9.44(-0.49) 10.6 (0)
p(17,1) 0.77°  0.67 (2.2) 0.42 (3.2) 1.05 (1.53) 0.41(6.1)

£,(27,0) 1.285 0.6 0.22 0.56
a1(1+,1) 1.26 1.1 0.6 1.57
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The vector-meson couplings of the quark interchange model eqg. (11) etc.
with broken SU(6) flavor symmetry are also consistent with those of the
hidden suU(2) symmetry, where the vector-mesons are effective gauge bo-
sons of the chiral SU(2}LXSU(2)R of QCD [13j.

3. Short-Range NN Interaction

fm, whereas conventional mesonic NN potentials become large and highly
cutoff (A) dependent there [18] with a too small core 16/A ~1/3 fm from
the fit of vertex form factors. Due to this strong damping, non-mesonic
quark interactions can be naturally included at short distances and
boundary condition (R- or P-matrix) methods are applicable. a boundary
r=b is chosen that separates an external mesonic NN potential and wave
function from an internal sphere with a six-quark core potential Vq and

wave function wq in a two-channel system

(T+vh—E)wh=—vhqwq ; (T+Vq-E)wq=-thwh. (12)
with a hadronic NN potential V,, and wave function wh. Since the six-
quark wave functions are mostly color octet, Vgqr the core potential v
must be confining. For example, when all six quarks are in the lowest S
state in the deuteron channel, the spatially symmetric six-quark wave
function can be expanded as

= 1
Vg = 3 Yantlas VpaatE vgg- {23)

The internal six-quark spectrum E, is discrete solving (T+Vq-EV)iEv>=O.
Eliminating the internai degrees of freedom, an optical potential is
cbtained as core potential with approximately linear energy dependence,

v, (2,27;E) = §<NN,?|vhq|Ev><Ev[vqh|NN,?'>/(E-EV). (14)
The six-quark energies Ev are also poles of the P-matrix which, for an
uncoupled NN channel, is defined as the logarithmic derivative at r = b
of the radial wave function. Since the NN wave function has a node for
such a pole value of k, it may match a confined six-quark state [Ev>.
For an appropriate b that is directly related to the three-quark bag
radius, poles of Pp may thus be identified as multiquark states IEv>

which can but need not be S-matrix poles (e.q., di-baryon resonances) .
Since the P-matrix is usually determined from the external mesonic NN
wave function at r=b, its lowest pole E0 and residue can be extracted

from the energy dependence of the S-wave pPhase shifts between 0.5 and 1
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GeV. For a large b=1.4 fm [19] and one pole E0 at 283 MeV, the 150 pha-

se shift fits the data well up to 1 GeV lab energy except below 0.25
GeV, where more attraction is needed which is supplied by the meson-ex-
change potential when it is allowed to penetrate inside down to NN dis-
tance r=0.65 fm. A second pole gives eqgually good fits (cutting off the
meson-exchange potential at b = 1.4 fm), but its energy is very uncer-
tain. In ref. 11 an energy dependent six-quark potential modeled after
the P-matrix approach was used to complete the construction of the NN
potential at short distances. From the magnetic deuteron form factor B,
b =1 fm has been extracted. The corresponding six-—quark probability is
about 2.3 %. Thus, reasonable fits of NN data are possible in such mo-
dels. At such lower values of b (=1 fm) the lowest pole depends more on
the meson-exchange potential and moves up in energy [20]. Different non
pole back-ground P-matrix parameterizations correspond to different non
mesonic 6-quark interactions at short range, which are better analyzed
in 6=-guark cluster models.

The quark cluster model (CQM, [21]) has only a rather crude mesonic
potential consisting of a central and tensor term with pion exchange
tails and a Gaussian that is adjusted to scattering lengths and effec-
tive ranges in each S wave channel. Its main ingredients are a two-body
confinement potential and the color magnetic hyperfine interaction. The
latter is repulsive for the totally symmetric spatial [6] representa-
tion, where all six quarks are in the lowest S orbit, and is attractive
for the [42] state with two quarks in the P shell, so that these confi-
gurations become nearly degenerate and mix. A pure [42], as well as an
adnixed [42], has an energy independent node o in the relative NN wave

function at small NN separation acting like a hard core with S5 wave
phase shift Suz-kro, similar to the Pauli repulsion in oa scattering at

short range. Since a few years, however, evidence has been mounting
against the spin dependent color magnetic two-body interaction from
perturbative QCD as the only spin-splitting force in the hadron spec-
troscopy with a strength that is more than five times a more realistic
o= 0.3. In fact, the instanton generated force that supports the meson

exchange picture mentioned in Sect.2 works equally well in the single
hadron spectroscopy [22]. It has no problems with the unwanted spin-or-
bit interaction and allows reducing the strength (and problems) of the
chf interaction to its perturbative level. Hence the QCM needs to be
redone with such a more realistic quark interaction for Vq in the two-

channel framework of Sect.2 that is consistent with a P-matrix analysis
so that it gives the linear energy dependence of the NN potential at
short distances and the proper energy dependence of S-wave phase shifts
up to about 1 GeV, and with a guark-model based meson potential at lon-
ger distances.

4, Skyrme Models, Chiral Symmetry And Instantons

The Skyrme model has attracted much attention as part of an effec-
tive QCD lagrangian in the large color limit, N =, at low energy [4]
that starts from that of the non-linear o-model [7]

L, = (fi/a)Tr[auua”U*p--- (15)
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with the non-linear pion field U= exp(i?-ﬁ/fn) in SU(2) isospin. In the
Skyrme model [5] baryons are constructed as topological solitons of an
5U(2) field U(?) with well defined windihg number, which is the baryon
number A. In the hedgehog ansatz

U(f) = exp(ie(r);-?); 8(0)=m, 6230 as T-w, (16)

the chiral angle & is the solution of a variational equation obtained
from the Skyrme Lagrangian (consisting of LG and a 4'th order deriva-

tive to stabilize the soliton) by minimizing the energy of a nucleon.
This model gives a qualitatively correct picture of baryon structure
and meson dynamics. For A=2 the much developed product ansatz U(rl,r2)=

U{?I)U{?z) provides the OPEP at long range and repulsion at short range

in the static limit, but misses the spin-isospin independent attraction
at medium range. When a Skyrmion is quantized as a spin 1/2 rotator,
including the Roper resonance as a vibrator, a weak NN attraction has
been obtained [23]. Recently [6] A = 1 and 2 Skyrmion fields have been
generated from instantons, self-dual SU(2) Yang-Mills fields of topolo-
gical charge 2 in Euclidean four-dimensional space. Here the SU(2) is
the isospin group and not a subgroup of SU(3) <¢olor. The key is the
Wilson line

U@ =T exp(—ITwA4('f,t)dt) (17)
with Euclidean time t which suggests defining a Skyrmion U(?)=V(?,m) in
terms of the solution V of (BV/at)V_1=-A4 with V(Z,-=)=1. For A=1,2 all

instantons are conformal generalizations of ‘t Hooft’s instantons [14],

Ao = i¥pr) /20, p(x)= % Ay/(x%)2, x=(F,t) (18)

i=1,a+1
where Xi= (?i,T} is the i’th pole (which can be removed by a gauge

transformation) with positive weight A - Hosaki et al. [6] find the NN

potential by projection that is strictly valid only for large r. Their
instanton construction generates a tensor and spin interaction similar
to the product ansatz for r>2 fm. Tts tensor force is close to that of
the OPEP. Its central force at medium range is far less repulsive than
that from the product ansatz, but is still not attractive, and it gives
repulsion at short range, just like the product ansatz. The Skyrmions
from the instanton construction can be considered as variational appro-
ximations of the exact Skyrmion solution that reduce to the product an-
satz at large r. In general they are closer to a rescaled product an-
satz except for the torus, in which the identity of both A=1 Skyrmions
is completely lost and which has no such product ansatz, For A = 1 the
exact and instanton generated Skyrmions differ only slightly. If all
poles are at the origin at different times Tl= —T2=T, T3=0 with weights

11=A2=1, A3=h, then the Wilson line integral is elementary for the A =2

case. A hedgehog with twice the chiral angle of the A = 1 case obtains.
Tts energy is only 1% higher than the exact solution. Well separated A=
1 skyrmions are obtained from A =2 instantons with well separated poles
X, X in space with much smaller weights than that of the pole at X,.

They are distinguished by the relative orientation of the well separa-
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ted hedgehogs. The most attractive case has a relative rotation of
about an axis perpendicular to the line joining them, which can be
smoothly wvaried to the torus case.

Finally, Weinberg [24] studied nuclear forces from the point of view
of chiral Lagrangians. The most general Lagrangian L involving pions
and low energy nucleons (with momenta less than some Q < mp) and con-

sistent with spontaneously broken chiral symmetry is an infinite series
with increasing numbers of derivatives,of N fields. Other degrees of
freedom (such as vector-mesons, A’s, N 's, N’, ...) are integrated out.
Their contribution is contained in the ceefficients of the expansion.
This L is non-linear and non-renormalizable, but allows for easy deri-
vation of soft-pion theorems in the tree approximation. When loops are
included, soft-pion processes can be calculated to any order. Ultravio-
let divergences can be absorbed into redefined coefficients of L. Upon
counting the powers v of @ from a Feynman diagram with EN external N-

lines, L loops, V; vertices of type i with ny N-fields and d; deriva-
tives or m factors gives the relation

v=21r2-Eg/2+FV; (d;-24n,/2) , (19)
where di—2+ni/230. The leading term will be without loops and di—2+ni/2
=0, i. e, di=1 and ni=2 or di=0 and ni=4. For two nucleons graphs with

pure nucleon intermediate states must be summed by solving a Lippmann-
schwinger equation to avoid infrared divergences. For two nucleons then
the effective potential is given simply by the OPEP and a four-N con-
tact interaction. This is a very crude simulation of the NN medium
range attraction, but does not give the repusion at short range yet.
For three nucleons the disconnected graphs (two-body interactions) are

more important by a factor Q—z, so that the three-nucleon effective
potential enters only as a correction of higher order in Q. In the
interaction of a single slowly varying external electroweak field with
nucleons and pions, the minimum value of di-2+ni/‘2=—1, [25],sc that the

leading terms involve only a single nucleon and no four-N contact term.
Thus, there is no short-ranged two-body current in leading order, and
only soft-one-pien exchange terms contribute to the two-body current.

This justifies the chiral filter hypothesis from chiral Lagrangians.
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QCD AND DEUTERON STRUCTURE AT SMALL DISTANCES
AP, Kobushkin

Institute for Theoretical Physics, Kisv, Ukraine

1. Introduction

The connection between the gquantum chromodynamicg(QCD) and
deuteron structure at small distances remains ona of the mogt intri-
guing problems in the nuclear physics of the last decade. 4 lot of
experimental data for different processes at intermediate and high
energies have been cbtained during this period of time. To explain
them, a lot of theoretical models were proposed, which take into
account deuteron color degrees of freedom: constituent counting ru-
lesfﬂ/, hybrid model for deuteron wave functionlz/, reduced nuclear
amplitudes in QCD/3€ atc. Unfortunately, for reactions with unpolar
ized deuterons, no conclusive discrimination between quark-consti-
tuent and traditional nucleon-meson models was obsarved.

For example, a shoulder+) in the differsntial cross section of
the & (d,p) reaction with proton emission at OD, which was observed
at the range k > 0.2GeV/c of an internal momentum in the deuteron,
can ba explained in a framework of different models, such as the ma
nifestation of nonnucleon (guark) degrees of freedom/4_?/, the final
state interaction near the region of & -iscbar excitation/B/, in-
elastic interactions/9/ and so on.

Some predictions for an energy dependence of an exclusive re-
actions, e.g,,d(?,p)h- at Ei“:4900, were done/qqlusing the model
of reduced nuclear amplitudes in QCD. The recent data/jafsuggests
that at 5324.2 GeV the energy behavior of the cross section is

+)Fcr the first time it was observed at Dubnaju/ (see also ref.5)
at 9 GeV/c and was confirmed in Saturne/e/ at lower energies.
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that of simple constituent counting rules for the deuteron as a sis
gquark object as well as that of the reduced nuclear amplitude modelj
but due to the ambiguity of theoretical calculations in terms of +the
traditional nucleon-meson approaches, it is impossible to clearly
demonstrate its unscundness.

To distinguish betwean models for the dsuteron structurs at
small distances, one needs additional data at somewhat higher snergy
and/or polarized observables at prasent or scmewhat lower energies
(see, g.g. ref.12). In the presant talk T would like to discuss the
present situation in the experimental study of a deuteron structure
at small distances as well as some theoretical models with the aim
of understanding the tendency in fuburs exparimental investigations
in few-body systems at high and intermediats anergies.

First (sect.2), we shall discuss the results of recent measure—
ments of polarized observables in the elastic gd-scattering. In
sect.3 the analysig of data for the d.(j)@Yldeuteron break-up reac—
tion will be reviewed. The analysis of measurements in the d,
break-up reaction with unpelarized and polarized deutercn beams isg
dons in sect.4. Concluding remarks are given in sect.5.

2. Polarized observables in elastic ad-scattering.
Pheory and experiment

In alastic.ad-scattaring experiments with unpolarized particles
the measureble qusntities are structurs functions A(Q2> and B(Qz)
which can be expressed as linear combinations of thae deuteron mono-
pele (charge) (;c’ quadrupcle (;Q and magnetic GH form factors:

ALQY)

&

GC1+§‘I]G;+%UG: SG;‘ +::;7]G:; (.])

B(QY) = 371wy €, o)

2
whera 'rJ:Q/(qmi} i My is the deuteron mass and Qz:"ﬁz i 9 is

1]
the energy-momentum transfer. Thus, such experiments supplied only
information of the electrical (;E and magnetic ~m form factors
of the deutercn. But the knowledge of its monopole C:C and quad-
rupole (:Q form factors is essential in detailed study of NN-inter-
action as well as possible nonnucleon degrees of fresdom in the
deuteron, For example, at Q2<0.3 (GaV/¢)° the behavior of G, is

governed mainly by S-wave part of the deuteron wave function, while
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tha behavior of Cc{ ig essentially determined by D-wave part of the
one. At higher Q% the behavior of form factor G. was shown to be
gengitive for mechanisms beyond the impulse approximation (IA) and
thug it can be used to distinguish betwaeen different models.

To separate the deuteron monopele &. and quadrupols G form
factors the measurement of ab least one spin observable 1s needsd.
One of such quantities is the tensor analysing powsr of tha glastic
gd-scattering

[

% (x+2)
@

e - w X B2
T?_O‘ 2 4+ 1x* b X 3’? S (¥

which is measured in experiments with tensor polarizing deuteron
target. (In experiments, where unpolarized deuteron target is used,
the recoil tensor polarizaticn of the deutsron can be maasured,
which gives the same combination of tha form factors as eq.(3)).

The separation of the form factors at > = 0.495 (Ge‘J/c)2
gas done in ref.13 and is displayed in fig.1.
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Fig.1. Chargs GC and quadrupocle GQ form factors of the dauteronMB/.

To separate GC and G. the following data for TEO ware used:
+ - Bates; O - Novosibirsk; & - Bonm. For all curves 14
was performed with the RSC wave funetion of the deuterong
TA+MEC from ref.l4; I1A+6q — from raf.2 (EKobushkin; Kobush-
kin and Shelest).
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The results of some models are also presented. Traditional models
without quark degrees of freadom predict (see, 8+eZey TeL.14) & min-
imum of (Qc around Q% =0.6 to 0.8 (Gev/c)a. On the contrary, the
hybrid modelfa/ leads to smooth falleff of this form factor. Un-
fortunately, the experimental resulis are not of sufficient accura-
cy to confirm the presence of the meson-exchange currents (MEC) or
6-quark contribution. But it must ba noted that the recent prelim-
inary data from Bates’ 9/ ap szf =3.78, 4.22 and 4.62 fm~! shows

a tendency of T2O to the results of the TA with the Reid soft cors

wave function (fig.2)
0.5 T T T T T
Frzo(ed+ed) Fig.2. Comparison with experiment
//”of two theoretical models (TA -
0 full curve and IA+bquarks - dotted
} curve) for the tensor analysing
1A(RSC) power T20 of the elastic ed-scat-
-05 F N 4tering. Three points at the high-
b est ¢ ara recent preliminary re-
\ sults from Bates/15/.
-1.0 s 4
N
- "“'-—.__7
R %I éq l
- 2.0 I 1 1 I I

q(tnm!)

If the deuteron can be considered ah largs Clz as a 6-guark
object, QCD predicts’ 1%/ that x- 1 when Q% —+o<= and the
tensor analysing power TEO tends in the limit to minimal possible
value [, =-Jz' « It also predicts that the ratio R = Px/Pye of
the vector and tensor polarization of the deuteron

1Jﬁ? ﬁmQQ /2
= (1+2x")—*%€m = X sin 0/2. @
WA msiven Jwt] Sl ’

R




where 9 is the slectron scattering angle. An experimantal study

of such behaviors of TEO and [2 must be distinctive signature of

QCD in the nuclear physics. But the problem is that such a bshavior

can be reached at rather high Q*~ fow (GeV/c)E. This is argued

by fig.3 which displays the comparison of the so-called reduced form
factor of the deutaron/3

( . Aihagf)

$199 = Ty )
6

04T .

2
2. b -
0 I 1 | |-.-.==?========

0 1 2 A % 5 6
a? (Gevic)

Fig.3. Comparison of the reduced form factor of the deuteron
(for dafinition see aq.(5)) with the QCD prediction (&).

with the QCD prediction’ 17/

g

(03 ~ ol 5 (Q7) . g)‘ﬂ%

f& Qr A = (8
In sgs. (5) and (6) we are using the following notation:
Foleh) (44Aal/esl(ceuk)z)ﬂl is the nucleon form factor; o, (@)
is an effective QCD constant and ,4 is an infrared cutoff para-

meter in QCD.

Concluding this section it must be said that no distinctive
manifestation of the quark degrees of freedom of the deuteron was
found up to now in the elastic ed-scattering. In the nearest
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future it seems too unrealistic to reach a kinematic region, whers
QCD can be tested in polarized elastic ad-scattering.

3. d(, Pl n ~reaction and QCD

The method of the reduced nuclear amplitudes/y was applied by
Brodsky and Hiller/ 1V to d (9,p)n cross section at 8,~90° The re-
duced amplitude for thig reaction was written as

Mzd%pn

Mydapn = —2
Bl Bt

v

Fas Fal
‘whera jgn = (Ph-'gpd)z, B % (R =% Pyt Ma’d-bpy\_ is amp-
litude for the reaction; Pr, pp and Py are neutron, proton
and deuteron momenta, respectively. The differential cross section
in terms of the reduced amplitude is

91_6__ = ! 2.7 2,0 2 8
s, o P R Iy (8

The form factors Fn ({m) and \‘:P Ulp) effectively remove

the falloff of the nuclear amplitude Mxﬂl*pn due to the in-
ternal degrees of freedom of the nucleons. The behavior of the re—
duced amplituda mgiqpn i1s defined by dimensional counting ru-

les 1 regarding the neutron and proton as structureless particles:

4-n
de.+pn o PT g[gc'\m), (9

where N=5 is the number of "elementary" fields in the axternal
states: incoming (two nucleons and one photon) and outcoming (two
nucleons) particles. So ths energy behavior of the cross section
at fixed @, is defined to be

do |

~o

Mep ~ S°M

: ko (I E &) PTI $10.) . (10)
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- ~ e
At sufficiently large energy gp(‘hp)'v Fald )~ S s the
behavier given by eq. {10} is reduced to the prediction of the
counting rules :

as & § (Dea) . (1)
dfem
Bey=90°
cﬁ 3:_ ?‘ﬁ
b N (2)
I

- " *'T‘.

s
-t e e

s' do/du (

Fig.4. Comp?;i:‘(iﬁon of experi-

- mental data for cross

2 us section of d(y,p)n reaction
N>‘ with two models: constituent
E:"/ 10 counting rules (a) and redu-
= os ced nuclear amplitudes in

s QCD (b). Full curves corres-
oo pond to theoretical calcula-

tions/qg/ in the framework

of nuclecn-meson approach.

Fig.4 shows a comparigon of three models {traditional cal-
culations in terms of nucleons and mesonsms/, the reduced nuclear
amplitude and the counting rules) with exparimentho/. One seesg
that the behavior of the cross section supports the hypothesis
about the 6-quark structure of the deuteron at small distancses.

But due to a lot of uncertainties in the calculations/’la/ based
on the "traditional"™ approach authors of ref.10 stressed that their

data cannot be taken as a clear evidence that the latest one fails.
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4. Study of deuteron structure in A (d,p) experiments at
relativistic ensrgy

The differential cross saction of a fragmentation reaction
A(d,p) of the 9 GeV/c deuteron into the proton at 0° was mea-
sured b4 in a wide region of the proton-spectator momentum. Assu—
ming the impulse approximation one can extract from this data "mo-
mentum distribution" (MD) of nucleons in +he deuteron. This has
bean done/4’5/ in a framework of the light-cona dynamics/?/. At the
range 0.2< k < 0.6 GeV/c of the internal momentum in the deuteron
a significant deviation of the measured MD from ones, calculated
using some popular NN-potentials, was shown.

The momsntum k 1is defined in the light-cone dynamic as
follows

% i
me+ ke i EP+ Pz _L — -
C Ldel{l-a) p B Eywdy » T “Pr, dr=o, (12}

where ™ is the proton mass; EP and Ed are energies and ﬁ
and E are momenta (in the lab. frame) of the proton~spectator
and the deuteron, rospectively. The momentum K is reduced to the
proton momentum in the deuteron rest frame only at Pe"’% d? (i.0.,
when o(fv_-?_]- Y oy

The same effect was alsc observad at lower deuteron beam
momentum ( d =3.1 GeV/c).

In my report I shall dwell upon only one possible theoretical
point of view (the reduced nuclear amplitude in QCD), which ex—
plains such behavier of the MD in the deuteron, as well as the
Taecent data/6'19/ for the tensor analysing powar -Tﬁo{k) of the re-
action. Some alternative approaches will he reviewed by other auth-
ors at this Workshop. '

The model of reduced nuclear amplitude in QCD assumes that
all the quarks of the deuteron carry momentum é—& and a hard
proton is preduced by a hard gluon exchange between two of them
(ses, e.g., fig., 5a). Absorbing high momentum, the quark aversges
it between all guarks which form the observed proton. As a result,
q?ery quark of the final proton carries momentum % § » Where
P 1s the total proton momentum. But %o 8implify +he calculations,
the model does not consider the individual quarks and deals with
gluon exchange bestween 3-quark colour blocks of the totally colour-
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lgss "deuteron."™ The guark momenta averaging at the 3—quark final
system (proton) is taken into account by some form factor F (4?)
at appropriate {(3a)-{3q)-gluon vertex. As a result, a sum of quark
dizgrams like fig.5a is reduced to the diagram of fig.5b, whers
lines Ba and Bé correspond t0 color 3-guark subsystems
of the "deutsercn".

E kY Fig.5. One possible guark diagram (a)
Bg . and the reducaed diagram (b) for a hard
proton creation in the (d,p) reaction.

Bs

FRTn
4

TARGET TARGET

(a} (b}

The decomposition of the 6-quark configuration S‘g with the
deuteron guantum numbers is given by:

1557 = 2 Pge IBOIED -
B,

1 4 3
S CRIEREEE MR AL SV EL VR

whare \B)= \j}t H>  and [R'>= Ej”cr}""> mean the spin-
isospln—color wave functions of the 3—quark clusters with spin

‘5' (j’) , isospin 1(Y) and colour representation M ULUU) , TEsS—
pectively. The distribution of the hard proton gill be describsd by
6q —>p+n transition amplitude + T, (o, ki=e) , which is
expressed through some nonperturbative (soft) distribution ampli-
tude ,@(\3,{1—) for the coler 3-quark clusters in the deuteron:

L (4 r=o) = ot (W) FUKT

R fq-pc-gn s
e Vot K : 5P le),  ow
§ i S o {5)( d_m_m i \m:L)fS f.tr)
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K];:Z: EEBSB;&,

B, B
(15)
a re
Lonan) Mo O D185}, S 1o
J=ljl'3)T=o,T;o
where ]'3 ig z-projection of the deuteron spin, r:(l) =
3 5 4 5
L) )
_ >‘a, €Y} s = A (O8] . yry? }
= T I My (2) L, 2 Ir ana {jLiOITR> TLTT
=1
means a colorless state with total spin and isospin | which
is constructed from two 3~quark clusters IBD= LjEp> and

13’):1“1’ t’w'y by using the Clebsh-Gordan coefficients. From eq.(14)
one obtains the asympteotic behavior for the transition amplitude at

k. fa ET,O} = st o (k™) F(KY) (1-003/27 (16)

T

k1

Cy, =Ky, gapgdzﬁ (—[%)1 g 1,) (17)

: . (3®
and thus the MD of nucleons in the deuteron }LL) and the ten-
gor analysing power tend to be:

1 Rl oy 5
ww%(l-a)’“z \Jﬁj;\l'\'(k—d) "{s(kz)pz(i‘h (18)
A

=-0.42, (19)

l‘?_o

respectively.
In fig.6 we present the ratio of the mesured MD to the predict-
ed asymptotic expression. One concludes that at k > 0.5 GaV/c

the cross section reaches tha asymptotic behavior predicted by this
model. At the game region the data/G”‘g/ shows (fig.7a) that a0



tends tc the constant value near -0.5, which is in a qualitative ag-
reement with the model results. At the same $ime traditional calcula-
tions based on the NN-pctentials give a positive value of T}o

at this region.
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Fig.6., Ratio of measured momentum distribution of nucleons
in the deutercn (refs.4,5) to QCD prediction (18).
Dipole form factor (L + kY021 (Cele)?) 72
was used for F(k*).

At fig.7b the tensor analysing powsr of the elastic ed-scat-—
tering is compared with the one of the (d,p) reaction. A scale for
the anz-axis is chosed to localize the minimum point |, = -7
pradicted by the IA for both reactions, at the same position. The
comparison of this reactions teaches us that measurements of the
polarized observables in the elastic sd-scattering at (11>1 (G'eV/c)_2
could cover the region of new physics of deuteron, where the basic
fields are not nucleons and mesons but quarks and glucons.

5. Conclusions

4 lot of effects observed in reactions with unpolarized deu-
terons at intermediate and high energies (behavior of the structurs
function AIGY) of the elastic ed-scattering, the (d,p)-fragmenta-
tion with 0° proton emission, energy dependence of the cross sec-—
tion of the  d(§,p)n Teaction at 90° in the c.m. system) can be
explained treating the deuteron as a six—quark object. But due to
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Fig.?7. Bahaviorsof T5q
for (d,p) reaction (a) and
- alastic ed-scattering (b).
] Dashed line is the pre-
diction (19) of the QCD
i;:i}Tl-_ model (see text); solid

lines correspond to IA.
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a lot of ambiguities in the traditional nucleon-meson theorstical
" approaches a breakdown of the nucleon-—mesonic point of view can~
not be clearly demonstrated.

The recent data for T}o in the elastic ed-scattering are
in discrepancy with the naive hybrid modsl for the dsuteron wave
funetion and can be described best of all by the nenrelativistic
impulse approximation with the Reid soft-core deuteron wave fun-
ction, The comparison of the data for the elastic gd-scattering with
the data for T}D in the (d,p) reaction shows that the QCD could
be tested at higher Q* in electron scattering experiments with
polarized deuteron targets.

We would like fto stress here, that thecretical analysis of
ad-reactions is not simpler then one of reactions studied in ex—
periments with deuteron relativistic beams at Dubna and Saturna:
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a relativistic description of the deuteron structure cannot ba

ignored in consistent theory of both types of reactions, as wsll

as a lot of mechanisms beyond the impulse approximetion (final

state interaction, pion production at intermediate states and so on).
But there is one advantage of experiments with relativistic

deuteron beams: dua to luminosity the much smaller distance in the

deuteron becomes to be allowable for Dubna and Saturne experiments,

than for experiments with high energy electron beams (see fig.7).

Finally, it can be recommended to measure cross section, Tie
and polarization transmission ™ for pd-backward scattering at the
Dubna synchrophasatron: this reaction is assumed to be dominated by
one-neuteron—~exchange mechanism/ao/and can bs used to obtain infor-
mation about the deuteron structure at K >1 GeV/c. At somewhat low-
er gnergies the cross section and T2c have been measured at Satur-
ne. 1t seems to ba rather important to complete such data by a know-
ledge of . -behavior for this reaction.
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THE GOTTFRIED SUM RULE
AND NUCLEAR STRUCTURE CORRECTIONS

Kaptari L.P. .
Laboratory of Theoretical Physics, Joint Institute for Nuclear Research,
Head Post Office, Bozx 79, Moscow, Russia

Umnikov A.Yu.
Far Eastern State University, Sukhanov-sir. 8,
Vladivostok, Russia

I. Recently, the NMC data[1, 2] on the ratio F3'/F7 have been applied to derive the
difference FY — F7 and to estimate the Gottfried Sum (QS) 55 = J(FY — Fp)dz/z[3)
experimentally. Its value has been found to be below the quark-parton model expec-
tation of 1/3, namely:

Se = 0.240 + 0.016 . (1)

Serious theoretical speculations have appeared as a consequence of this discrepancy,
e.g. the strong isospin violation in the proton sea-quark distributions[4] or the post-
ponement of the onset of the Regge behavior to much smaller z values than have
currently been sampled experimentally[5).

Note that the experimental value of the GS is sensitive to the procedure of extrac-
tion of the ratio F/F7 from the combined data on the deuteron and proton. Since
the deuteron is a more complicated system than a simple sum of two free nucleons,
a number of structure factors may change the ratio F7/FY. At least one should be
careful while considering the influence of widely discussed nuclear effects, such as
fermi motion, binding effects and mesonic exchanges in nuclei. Though in the inte-
gral characteristics of nuclear structure functions (SF) these corrections are small, it
is not evident that they can be neglected in the procedure of determination of the
neutron ST F7(z) from the nuclear data. Moreover, the recent analysis of BCDMS
data on the proton and the deuteron performed in ref.[6] has shown the nobiceable
infleence of the deuteron structure factors on the extracted neutron SF and the ratio
£3/F}. 1t scems, the same corrections can also be expected for the NMC data.,

The aim of this paper is to demonstrate that in the framework of the theoretical
approach suggested in refs.[7] it is possible to extract the neutron SF so that the
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obtained value of the GS doesn’t dramatically contradict the quark-parton predic-
tions. It is shown that the nuclear corrections change the behavior of the difference
(Fy—Fasz —0as compared with the prediction of the NMC experimental data
fit.

I1. Since the ST have been measured not in the whole region of the scale variable
z, it is useful to define the z-dependent Gottfried integral:

Io(ms = 23) = /‘ (FF — Fp)da/e, @
1 _
and separately evaluate it in the measured and unmeasured regions of z. Thus, the

GS may be written as a sum of three integrals (2) corresponding to three regions
considered in ref.[1]:

Se = IFM0 + 0.004) + IXMC(0.004 + 0.8) + TEMC(.8 + 1) )
(0.240 + 0.016) (0.011 + 0.003) (0.227 + 0.014) (6.00240.001).

The second term in (3) has been estimated experimentally using the F¥ from the
fit of the published deuteron data and the ratio F?*/F? has been taken from the
unsmeared NMC experimental results{2]. The first and third terms correspond to the
unmeasured regions and have been estimated by extrapolation procedure, Thus, in
all these three integrals the nuclear corrections have been missed. Let £ ) pe the
experimental deuteron SF (that obviously includes all the nuclear and other effects)
and FPE=P) g0 corresponding proton SF. Then the unsmeared neutron SF defined
” By = 2800 _ e o
is overestimated due to the mesonic contributions to the deuteron SF. A more correct
way to deterimine the neutron SF is to solve the integral equation®:

BQ) = [2FP)(e,Q) — 5B (e, @) - 571(, QI 2, Q)] 8(2,Q7),
)

_ ™ g

TNy, 0 fayn(e)dy

for F}(z). Here SF*(z, Q%) is the meson contribution, fi;p(y) is the distribution

function of the nucleons carrying out the y-fraction of the total deuteron momentum.
The distribution function Jryp(y) is straightforward connected with the usual

Spin)

lin this approach we take into account the nuclear corrections coming from the fermi-motion
and meson exchange currents in the deuteron. A more complete analysis should include also the
shadowing as z — 0 and the contributions of other non-nucleon degrees of freedom (multiquarks,
A-isobar ...} as g — 1.

46



deuteron wave func- 0.003
tion (computed in a ’
realistic Paris

or Bonn group po- 0.002
tential) and includes

the boundness of the

nucleons inside the 0.001
deuteron. The ex- 2
plicit expression of

the 6F"** (z, 0?) has 0.000
been computed in

£.{7].
2 ~0.001 ——— —
illustrates the contri- 0.0 0.1 0.2 0
bution §FJ*** for dif-
ferent mesons 7, w, o Fig. 1: The meson exchange currents contribution to the
in the deuteron. To deuteron structure function [7]. Curves 1-8 correspond to
extract the neutron the contribution of w—,0— and T—mesons respectively;
SF by solving the in- curve 4 is the sum over all the mesons.

tegral equation (%),

we should parametrize the proton, deuteron and neutron SF in the full region of = and
experimental values of @2. At this moment we are free in the choice of the parameters
and we can from the very beginning constrain them to obey the Gottfried Sum Rule
exactly. That kind of analysis has been done in[6] to extract the neutron SF from
the combined BCDMS data. From that analysis we can compute the corresponding
Gottiried integrals (3):

. JEODMS (g 0.004) = 0.036
TEEPMS(0.004 + 0.8) = 0.207
IECPMS(0.8 = 1) = 0.0004. ()

Note that in eq.(6) the Gottfried Sum Rule is exactly fulfilled. Comparison of {6)
with (3) shows that here is a systematic difference in the NMC treatment of the
experimental data with the results obtained from BCDMS experiments. To achieve
the agreement between them, it is necessary to take into account the following:

1) In the region 0.004 < z < 0.8 where the role of the fermi motion is negligible
small it is sufficient to correct the difference F}— F7 by adding the function S e (z)
As a result the Gottfried integral in this region increases by adding:

0.8

S157(0.004 + 0.8) = f SFT* () dzz = 0.03 + 0.01. (1)

0.004
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To estimate the integral

IE=(0.004 = 0.8) (7) »
we have used 10
the numerical results for

the mesonic corrections
computed in ref.[7] (see

also Fig.1). In ref.[7] it

was noted that the nu-
merically mesonic con-
tribution to the
deuteron SF 8F7*(z) 10 *
was underestimated by

~ 40%, owing to the ap-
proximate form of the

current operator. This
circumstance is reflected

in (7) as a systematic er- } .
ror. ii) Besides, the me- W= BLDMS 197513263 Gev)
zﬁz;ﬁj;:;;oc?)!?;hf[}g; 10 -3 Lol Ll L b P
as ¢ — 0. Usually in -3 -2 -1

the region =z < 0.004 10 10 10 1

one assumes the "non- ’ i i o
SSHEIEE” pomer billiamio Tig. 2: The difference FI{z) — F(z). Solid lines: 1 - NMC

of the difference 7 g 46ta fitfi]; 2 - paremetrization from ref.[§], Dashed lines
as ar®. The At f)f t.hl:s and shadow area - corrected NMC data fit with the taking
NMC data at small z mio account of the mesonic corrections (see text). Data:
(2 = 0.004 — 0.15) gives circles - NMC[1], squares - BCDMS/8].

a=02120.03, a = 0.6240.05 [1]. This yields Is(0 = 0.004) as is shown in(3).
Upon taking into account the mesonic corrections to the NMC data the parameters
became @ = 0.143 £ 0.013, & = 0.423 + 0.048. This situation is shown in Fig.2
where the dashed lines correspond to the new behavior of the data and the shadow
area displays the ambiguities in §F**(z) pointed above.

® — NMC (Q%-4 Gev®)

Thus, the part of the Gottfried integral computed with the new parameters e and
« becomes: Ig(0 < 0.004) = 0.0340 & 0.010. iii) At last in the region 0.8 < = < 1
the mesonic contribution is negligible. Other nuclear effects, viz. fermi motion and
binding effects, in this region may be significant in the functional dependence of SF.
However, since here the absolute values of the SF are small, it is clear that their
contributions to the integral characteristics are insignificant.

Gathering together the corrected integrals we obtain the corrected estimation of
the GS instead of (1):

Se = (0.034£0.01)-+(0.227:£0.014)-+(0.03£0.01)-+(0.002+0.001) = 0.29+0.03, (8)

that is close to the quark-parton predictions of 1/3.
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II. Concluding remarks:

a) The procedure of extraction of the neutron SF from the nuclear data is model-
dependent. Thereby the estimation of the Gottfried Sum is model-dependent too. A
more accurate analysis should be based on the solution of the integral equation (5). In
accordance with the definition of the functions Sys) in (5), a theoretical model within
which one describes the nuclens (deuteron) as well as the main characteristics of deep
inelastic processes is required. Obviously, the suggested model is far to be complete.
Besides the consideration in (5) of the mesonic corrections, binding and fermi-motion
effects, other nuclear structure factors may be relevant (nuclear shadowing[9], six-
quark[10], A-isobar admixtures in the deuteron[11] ...).

b) The most important factor to be included into our analysis is the nuclear shad-
owing as z — 0 [9]. This correction is opposite in sign with the mesonic contribution
and they may cancel each other at very small z. This circumstance may be checked
experimentally by checking the sign of the unsmeared difference Ff— FJ as = — 0: the
sign will be negative (positive} if the shadowing is smaller (larger) than the mesonic
contribution. .

c) The shadowing effects may modify our prediction concerning the behavior of
the difference Ff — Fj'z — 0 given in Fig.2 and may slightly change our estimation
of the Gottfried integral Jo(0 < 0.004).

d) In our opinion, at this time the experimental situation is not quite clear to
claim whether the Gottfried Sum Rale is fulfilled experimentally or not. In principle,
high precision neutrino experiments may clarify this problem.

IV. We thank Profs. K. Rith and G.I. Smirnov for stimulating discussions.
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THE STUDY OF DEUTERON 6g-STRUCTURE IN THE PROCESSES
OF INELASTIC ELECTRON SCATTERING AND POSSTBILITY OF
POTENTIAL DESCRIPTION OF N* — N SYSTEM

L.Ya.Glozman
Alma-Ata Power Engineering Institute, Kosmonaviov 126, Alma-Ata, 480013, Kazakhstan

1.The feasibility for the short-range NN interaction io be of the quark origin has
long been discussed elsewhere; nevertheless, the quark approach proper was argued for
but passively. Indeed, various data (NN scaitering phase shifta, electromagnetic form
factors, etc.) have been shown to be compatible with the quark concepts [1-5] in case
the given data are also compatible with the conventional NN phenomenclogy extended
by including the meson exchange currents (MEC) [6].

For the quark concepts to get convincing actnality, such concepts have to be zble
of being used to predict, or to account for, quite a number of different properiies of
the NN-system and of heavier nuclei which cannot be interpreted in any other way or,
at least, cannot be described in terms of any unified interpretation.

2.To understand what nontrivial consequences of the deuteron 6q-structure can be
expected, let us consider this structure in some detajls, The NN system in the S-
wave in the nucleon overlap region has been shown to be a superposition of the quark
configurations s° and s*p®- 5525 [4-5]. The latter configurations [7] comprise a few states
differing in their spatial [fx] and colour-spin [fos] (or spin- flavor [Fs7]) symmetries
[8,9]. It is of importance in this case that the superposition of the states in the s*p2-
%25 shells, which is realized for the low-energy NN-system in the s-wave of relative
motion, may be presented in a compact manaer to be a quark-antisymmetrized nodal
2N-function [10]. So the denteron and NN -system wave function at moderate energies
in contimuum may be presented to be a sem of two mutually-orthogonal components

(4]:

¥=|NN>+]s°>, < NN|s® >=0, (1)
where the ”NN-component”
INN >= A{N(1,2,3)N(4,5,6)00n ()} @)

is the quark-antisymmetrized function of the "NN-chavnel” in two-nucleon system;
#°-i8 a 6-quark system resembling a bag. :

The orthogonality condition (1) means that the ”N N-channel” in the nucleon over-
lap region includes a superposition of the orbitally-excited configurations in the gtp?-
s°2s shells, with each of the configurations being orthogonal to 6, Besides, the function
Xvn 1o (2) must bave a node in S-wave at 0.5-0.6 fm. The region of intermediate and
long ranges in (2),where the quark exchanges do not occur, is treated in terms of the
conventional meson exchanges,

All the above conditions are met by the function xuy,cbtainable with the Moscow
deep attraciive NN potential [11] where a deuteron is in correspondence with the firsi
excited (nodal) 2S-state in the deep atiractive well (see fig.1). At the same time, the
deep-lying (node-free) ground state was treated as a, forbidden (extra) state and had
only an auxiliary function.
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Fig. 1.

Central part of the Moscow NN poten-
tial for the S-wave (last version)

Fig. 2-

Long-dashed line—deuteron Moscow
38, wave function;

dash-dotted line—function xyy in (2)
(deuteron Moscow NN wave function
modified at short ranges to satisfy the
condition of normalizing the full 6q-
function (1) to unit);

short-dashed line—
s® wave function rc\/%qbgg{ﬂ (Is® »>=

ryf BALBx(1,2, 3)dn(4, 5, 6)dos (P}
dotted line—deuteron Paris *5; wave
function

Fig. 3.

Magnetic structare function B(g?) for
the process d{e,e’)d



The NN wave function behaviour at short ranges, which is conventional for the NN
poteniials with repulsive core and under which the wave function amplitude in S-wave
attenuates gradually when penetrating into the core zone,occurs in thie case due to
destructive mterference of the NN and s° channels [3-5] in (1) (see fig.2) and may be
traced in quite a pictorial way using the example of the deuteron magnetic form factors
[4] (zee fig.3).

3.The deuteron 6g-function (1} contains a rich cluster world. For example, the result
has been well-known which consists in that the s configuration is a superposition of
three cluster components

N(1,2,3)N(4,5,6)os(7) ; A(1,2,3)A(4, 5, 6)dos(F) ; C(1,2,3)C(4, 5, 6)dos() -

In the s*p® — 5°25 configurations, which we are interested in, two oscillatory exci-
{ation quanta may be distributed not only to the relative motion of two clusters, but
also to the internal Jakobi coordinates of clusters. This is in correspondence with the
fact that these configurations comprise not only the components

N(1,2,3)N(4,5,6)¢:5(7) ; A(1,2,3)A(4, 5, 8)¢as(F) 5 C(1,2,3)C(4, 5, 6)dy5(7) »
but also the terms
N(1,2,3)N™ (4,5, 6)dos(7) ; N*(1,2, 3)N*(4, 5, 8)dos(F) ;

N(1,2, N4, 5, 8)p1p(7} ; A™(1,2, 3)A(4, 5, G)Gﬁos("") 3

where the number of asterisks indicates the number of the internal excitation quanta. The
cluster content of each shell component can be analyzed by the use of fractional parent-
age expansion [8,9].

4. We propose to examine the 8q-structure directly using the d{e, e'p) N*or A process
where some states of baryon-spectator N*orA are expecied to be discriminated by the
missing mass technique [12].

In the quasi-elastic region, where the knocked-out proton is fast (E, > 1GeV) and

the resonance-spectator "R” is slow, nuclear electromagnetic current may be presented
£
Ti~ ) iy ®in(Rn) ®
A

where "A” is the intermediate baryon (3q-cluster) absorbing photon {see fig4°); j4.,
is the hadronic electromagnetic current which can be calculated on the quark level.

All the information about quark-cluster structure of the deuteron is contained in
the function

¥ (Eg) = ﬁﬁ f df-'e“'?“"\/% < A(1,2,3)R(4,5,6)|%%(1,2,..,6) >  (4)

here K r I8 momentum of baryon-spectator "R”.

When calculating this function we limited ourselves to the dominant components
of the baryon wavefunctions: N ~ [e*(3x[21]csE = 05 = =1t = 1>A
l33[3]x{15]ggL =05 = %J = %T = % > ;N*(1440) =~ fsp2{3]x[21]osL =08 = %J =
3T = § > N°(1536) = |"p[21]f2]osk = 15 = 4 = 1T = L > ;N(15%0) ~

52



d N* d N N*
Fig. 4°. Fig. 4%

Diagram for the speciator mechanism  Diagram for the nonspectator mecha-
~ of the d(e, ¢'p)N* process nism of the d{e, e'p) N* process

2o[21]x[21]esl = 18 = 3J = 3T = 1 >, where cenier-of-mass oscillator motion is
excluded - R

The most simple situation takes place when the only state "A” in (4) is possible
or one of them is dominant. In these cases the cross-section may be presented as a
product of relative motion momentum distribution p arn(Rz) and off-shell cross-section

6¢+A-ie+p:

&% = }(lg‘c’eu—'m(fe» R, )oan(Kr)S(E: — Ey) » (5)
& P e
where momentum distribution
SN 4 2
PAR(RR) =3 Ti+1 M‘g‘:‘“ |QAR(REN (3)

is normalised to the speciroscopic factor
Sta= [ dRepaniRe) @)

which represents the effective number of baryon pairs A-R in the deuteron.

This situation is typical of the processes d{e, e'p)N*(1440) (where the elementary
procesa is e+p — ¢’ +p) and d{e, ¢’p) A (here the elementary process is e +4 — &' +p}.

The weight of the N — N*(1440) component is very sensitive to the exact contri-
butions of different configurations s*p?[6]x[2%cs; s*p?[42]x[42]cs;... in the denteron
6q-wave function. So we may present now only a wide range for the corresponding
spectroacopic factor

Sy ye(aay = 1077 — 20-107%.

In contrast, the AA component is mainly conditioned by the s® configuration in the
deuteron (influence of the s*p* configurations here is one order of maguitude less). For
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the weight of the s® configuration in the deuteron from 2.5
53, =102 - 16.10°%.

The functions % ,(Kz) (4) for the ¥ N*(1440) and AA paimup to Kg = 0.5GeV/c
have 05- oacillator character (because of the high binding energy) and the corresponding
momentum distribution (6) is displayed in fig.5,

i

012

P{K ]

Fig. 5.

Momentum distributions
for the dfe, e’p) N*or A processes {in or-
der to develop the given momentum
distribution it is necessary to muliply
vertical scale by corresponding spectro-
0041 scopic factor)

0.08

L 1
200 400 600
K ,Mevsc

A more complicated situation takes place when describing the processes
d(e, e'p) N*(1520) and d(e, e'p)N*(1535). Here we have the interference of some terms
in (3).For instance, for the firsi of the processes:  J, ~
- j;—-p@}\m*(um) +J‘.‘N"'(1520)—0p Qﬁl‘(ls!ﬂ)ﬂ"‘(l.’ﬂﬁ) + j;-(zaas)»?‘pfv*(uasw-(wm} . 8

At momentum transfer g ~ 1 — 2GeV/c the baryon electromagnetic de-excitation
amplitudes e + N*{1535) — ¢’ + p and e + N*(1520) — ¢’ + p are comparable or
exceed to some extent the amplitude of elastic scattering e + p — &’ + p. Moreover,the
corresponding spectroscopic factors are comparable to each other too:

S.:IN"(HS&) = 107" - 2.107°

Sf\m'(mm) = 2S§N’(1535)
5?#[1535)3:-(1535) =2.107* - 3-10™*
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Sequsaoyneqisas) = 10SHu(1s36)we(a538)

S,ff-(wss)u-[wzn) = SSgr-(zsas)N'(was) .
So, in a wide range of recoil momentum Kz = 0 — 500M eV /c we don’t have a dominant
term and as a consequence the factorization (5) doesn’t take place. But the behaviour of
‘§§N.<1535)(fg) and fI’fm.(lsm)(gR) ,on the one hand, hi¥e 1P- oscillator character. On

the other hand, Qﬁ'(xszu)wum}(f?ﬂ) B usssneussny( Kr) and B - 1sasyn-(reany K )
have 0S - behaviour (see the corresponding momentum distributions in fig.5). As a
result,close to the point K = 0 {Kg < 100MeV/c) the cross-section of these processes
is conditioned by the baryon de-excitation and being measured permits us to infer the
corresponding spectroscopic factors from the experiment.

Finally,mention should be made that the process displayed in fig.4® must be eval- |
vated. This process is conditioned only by the usual NN component in the deuteron
and can mask the 6qg-structure of the deuteron.

5.Let us discuss the possibility of potential description of the N*N system. For
simplicity a many-particle oscillatory Hamiltonian is used in the ireatment below be-
cause such a Hamiltonian permits analytical transformations under the transition from
one-particle coordinates to the Jacobi coordinaies. By choosing the internal Jacobi
coordinates of two 3g-clusters , together with the coordinate ~ of the relative motion
of the two clusters, to be the required set of the Jacobi coordinates, we devide the
oscillatory Hamiltontan into three parts. Two paris correspond to the internal motion
in the 3g-clusters while the third part is in correspondence with the relative moiion
of the clusters in the oscillatory potential (besides, the center-of-mass vibrations occur
which are excluded exacily in the translation-invariant-shell model).

Had the interactions among the quarks reduced to the confinement forces ~ r2 only,
we would have dealt with the oscillatory baryon-baryon potential which is universal for
different pairs of 3g-clusters NN, AA N*N,...

Since,however,the interactions among the guarks are defined also by other forces
{which depend on spins,etc.} of perturbative and nonperturbative character, such a
"degeneracy of potentials” is avoided. At the same time, the degeneracy must be
preserved as before for the cluster pairs which,in terms of the quark model, are of the
identical internal 3q spatially-spin-flavor symmetsy and of the same symmetry with
respect to the quark permutaiion from one cluster io another.The latter symmetry is
also defined by the appropriaie Young schemes in the 6g-system. ‘

In view of the above,we are interested in the baryon pairs NN and ¥ N*(1440). The
component ¢y ¢y $a5(F) with the nodal function of relative motion ¢25() and the com-
ponent @ye1e0)fndos(7) with the node-free funciion of relative motion ¢os{F) have
to accompany each other in different 2-quantum s*p® — s°2s configurations. In other
words, & given shell cannot comprise any configuration which would include the com-
ponent ¢y dydas(F} and would not include the component ¢ys(1ui0)dndos(7),and vice
versa. This circumstance i# readily understandable because the respective fraciional
parentage coefficients are defined by the same Clebsh-Gordan coefficients for different
SU(n) groups [8,9],excluding SU(3) oecillatory symmetry.

All this means that a unified at short ranges potential can be constructed for the NN
and N*{1440) N systems. This poteniial must be of such a depth that two levels would
be contained in the 35;-wave therein, with the lower level corresponding to the node-free
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bound state of the N*(1440} N system at binding energy ~ mysiioy + my — my ,and
the upper level to the nodal state of the NN system at an energy equaling the deuteron
binding energy in iwo-nucleon channel, By {reating potentially the interaction in the
N*(1440) N system in such a manner,we can describe the above-mentioned component
in the deuteron through the wave function of the deep-bound 35, state (the 1S level)
in the Moscow NN potential (see fig.1).

Finallylet us consider the following. The Moscow NN-potential model can describe
only the first component of the two-nucleon system in representation {1). But a full
description of the deuteron means using both nodal potential component and s® com-
pound state [4]. In this connection,the deep (of a 1 GeV depth) attraciive potential
yields a particularly-adequate description of the N"(1440)N system at low energies
because the N*(1440) N component in the denteron is microscopically coupled to the
s*p? - 8525 quark shell alone (for the S-wave) and,of conrse, is not contained in the s°
configuration. By its physical origin,the deep attractive potential is bound up just to
describing the interactions of the clusters formed within the s*p?— 525 and higher con-
figurations bui not s° The potentials of this type will be quite adeguate for the baryon
pairs such as N*(1440) N, ¥*(1535) N*(1535), N"(1520)N*(1520), N*(1535)N*(1520),...
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NONNUCLEON GOMPONENES IN THE DEUTERON AND THE QUARK-CLUSTER
APPROACH TO THE R-N INIERACTION

V.G.Neudatehin and I.T.Obukhovsky
Institute of Nuolear Physies, Moscow State University,
Moscow, 1198939

The problem of the quark effects in the NN-interaction is being wide-
ly discussed (see the reviews /1,2/ and the references therein). An und-
cubtful advantage of the quark approach, which has not as yet been apprai-
sed at its true worth, is the simplicity in the interpretation of intri-
cate phenomena which in fhe traditional approach would require the Intro-
duotion of the multi-meson and baryon contributions. For example, the re-
pulsive ocre in the NN-inferaction and the suppression of the quark ef-
fects in the deuteron magnetic form fastors were very easily explained —
through the destructive interferencs of the quark configurations 3% and
34p2 in the NN-system wave funciion at low smergies (including the deute-
ron)/3,4/. At nigher energies this simple model makes predictions at a qu-
alitative level. As the energy increases, the contribution of the excited
oonfiguration éidp2 to the S-wave NN scattering gets larger, leading %o
changes in the short-range NN-interaction. At infermediate energy it be-
comes more appropriate to describe the NN-interaction using, instead of
the commonly used phenomenclogioal repulsive core, the deep attractive po-
tential containing one extra bound state which is regarded as forbidden
/5,6/ (the bound (S-state would correspond to the configuration 3% which
is suppressed in the present case).

So the quark microsecopic approach is formulated here through the qu-
ark shell configurations /7,8/, which contain a very capacious informa-
tion about the influence of the antisymmetrization upon the BB-system (NN,
AA, NA, etc.). For example, the question as to the virtual baryons B‘, B“
with one or two oscillator quanta of intermal excitation in the NN intera-
otion is answered with ease in terms of the configurations 35, 85;}. 34p2,
33p3, eto. Note that these excited states can be observed as real partie-
les in the quasi-elastic knock-out of a nucleon from the deutercn,
dle,e’ p)N' or A(CI.N’)X, where N‘ is the excited nuoleon-spectator, and can
give valuable independent information about the presence of the configura-
tion 8%° in the deuteron.

In the present paper these problems are studied on the basis of the
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Hamiltonian:

v
Bl Z[W‘E]J' ) Fistods o= LTy Ll

£ t i
proceeding from the assumption aboui the two-particie interastion of qu-

arks. The role of the configuration 9% and s4p2 in the S-wave NN scatte-
ring in a wide energy range O<E1ab$1—2 Ge¥ was considered. We sxtendsd the
CTETEY range and made a number of improvements in the model with the pair
Qg-interactions (the interactions of constituent quarks with the - and
O-effeotive fields and the form factors at the MGg- and Ogg-vertioes wers
taken into account, in some variants we. introduced the contact four-
fermion interactions of different operater form, etc.). This enabled us fo
describe simulfaneously the baryon spectrum with allowance for one- and
two-quantum excited states (N, 4, N*. N“J, the NN—scattering data in a
comparable energy interval and non-nucleon components in the deuteron,

Just as in the standard RoM approach /9,10/, we derive the equations
of mofion proceeding from the Hulthen-Kohn variational principle. The tpi-
al funotion is written as an expansion in the two-oenter shell configura-
tions Si(R}Sf(R} /11/ which for the I-th partial wave is written as:

Ty ) 59T
FYH(:")U;IQ (®rip €0, ) =

-1/2
= Z J- @(R.R}[N?(R.R)] ISE(R)S"_’[R)[}'X}UCS]LSBRGR. (2)
7y

In the representation (2) the sumation is made over all the Young schemes
{751 {J"CS]. satisfying the Pauli ezclusion prineiple, in the coordinate
(X} and eolour-spin (CS) space which is briefly designated from here on by
a gymbol J. S i{l‘?} denctes the quark (G-orbitals, centered at points ig,

8,(r,,R) = (%) “exp[;jzrr; BPlne,s,01) (3)

Thus, R is a generator coordinate /11/ and the other variables in (2) are

dacobi ocoordinates,
6

3 J4]
sofls 1 =t S = 2
F"szr't:azrj'g 62”1'91""1"2'51‘2(’"1”12)'"'
=1 J=4 i=t
ato. In the expression (2) we need not to use the aniisymmetrization ope-

rator with respect to permitations of quarks from different nucleons,

3 6
i 2
Y TR e
i=1 Jj=4
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since the basis two-center functions in (2) are completely antisymmetri-
zed. They are constructed, using {he (lebsch-Gordan coefficients of the
groups SU(R) from the reduction chain of subgroups

w(e")XG‘ST = SU{EJXXSU“E‘)CHT'
SU(12) gy > SU(6) 1xSU(2), > SU(B) 1SU(2) SU(2),, 0

and the Young schemes [fyoonl=[1%1, [Fy)s [Fgpl=llyls fogls (F,0=027),
[fs]. EIT} are invariants of these subgroups. The method of construction
of the basis and the ealculation of the Clebsch-Gordan and fractional pa-
rentage coefficients (ihe method of sealar faciors /2,12/) were described
by us in /2,8,12,13/. In the representation {2} the expansion is performed
over the functions, normalized fo unit at any fixed value of R,

SURIST(RIFIISTISIR JSZR NP LS F>= 6 570510558 om,Nﬁx(R,H' ). (5)

The convenience of the normalized basis consists in that at B+0 the basis

veotors NL(R,R)]_T'(Z{S“ESf[}']IST} change over %o usual shell configurati-
ons /11/  [dpMTIISTS, min=6. Considering that for even I the Young sche-
me [J’X] takes on in {2) two values, [6]x and {42]x. we get in the channel
under study I=0, S=1, T=0 (instead of the limit R-0 we record the integral
of the 6-funetion)

[+ 4]

- -1/2
Jﬂﬁl[y?;’m,m] |52 (R)S% (R)LF1I=05=17=0>RAR 6)

18°161,{27) l=08=10=0> it [f,i=I6],

{8'p7 1421, 1) g l=05=11=0> it ([, ]=[42],
where (f 1=[421, (3211, [2°], 131%}, [24"] are all the possible Young
scheme from the Clebsch-Gordan series for the immer produci 2% o 142l g
As it has been noted, the oonfigurations 3° and a’p” are the most es-
sential components of the NN-system wave fumction in the intermal region
and, therefore, in our modified RGM approach we recorded the trial funoti-
ons x?{k.R) in (2) as an expansion

_ B(R), ;KR
KRR = ()T [c?xm.m ootd. (%) S?ka,m] : (7)

The expansion {7} includes only the "basis" internal states M—gl and the
asymptotic staies Sjl; (R,R), G? {k,R), which in the limit r+w describe the
X X

free motion of 3¢-olusters. In {he expressions (7) U?N are elements

59



of unitary matrix U?IBZ which realizes in the CST space the transformation
from the baryon quantum mumbers B,(S,T,C’)BZ(SZTEGZ) to the quantum num-
bers of the 6¢-system - the Young sohemes [J’x] and [ICS]. The coefficients
(I? and eotOL in (2) and (7) are variational parameters. The trial functio-
nal of the Hulthen-Kohn variational principle:

2,2 otg O %
5 T[{“JL-}-"O* 5;,] = % = : +IY;,(r-)%u§§T(k.r;p,...XJ(HQ_E)

SR S C0 o (RTINS 1 S 8)

is quadratic in GI'. oot GL.and we get from the stationary oconditions
G&ET/ﬁa;':O, 0y /0cot 8,=0 a set of linear algebraic equations for

[G?} and cotOL /3/.

In the quark-cluster approach to the nucleon-nucleon interaction it
is usually assumed that the Hamiltonian (1) deseribes not only the hadro-
nic system but also the interaction of hadrons as quark olusters/10/. This
makes possible a comparison between different quark interactions and a wi-
de range of experimental data.

It is kmown that the splitting in the spectrum of light hadrons is
well described by the oolour-exchange potentials carried over from the
charmonium spectroscopy /14/ (the spin-orbital forces are omitted)

A X
B t e 2 1
V(o) = atdf1 L1450,0,)80p)- mz_p:ﬁ”(p)]' (9)
q q
SU(p) = S(cslp)(ojp)ﬂio_,,
A%
ij"f = - %-iracp-vo). (10)

but in this case the constants 0gs Q,, mq should be oonsidered as phenome-
nological parameters. This "renormalization" of the QCD oconstants merely
imitates the nonperturbative contributions and is inconsistent even on the
NN system where the interaction (9), (10) leads to the short range repul-
sion and fails to account for the mutual atirastion of nucleons in a medi-
un range 0.5¢r<1.5 fm. Though it is not a priori clear that the universal
potentials, deseribing both the 3¢- and 6g-system, are existent, the oons-
truction of the phenomenological potentials V‘ » which take into account
the nonperturbative dynamiecs, is quite justified and led to certain posi-
tive results /9,10,15,16/. In the framework of the "naive nonperturbative”
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wodels /15,17/, allowing for the %- and O-exchanges at the quark level,
the sucoess was achieved due to introduction of new parameters (such as
Mess quq eto.) which were fitted directly to the NN data. However,the fit-
fitting of the parameters oannot lead to a better understanding of the dy-
namios. In the present work we did not fit parameters of the chiral inter-
action Ech speoially to the NN data or the baryon speotrum but we used the
consirains upon the %gQ and 0qgq interactions which follow from known mod-
els of the spontaneous breaking of chiral symmetry (SBCS) /18,19/ in QCD
vacuum. According to known Nambu-Jona-lasinio results/18/ the effective fi-
elds interaction is of the ohiral-invariant form, H, ~ &, $O + i1, 10)0;
the oconsirains upon the masses of the effeotive fields - pseudo scalar
(X), scalar (0) and fermion (in our case it is the constituent quarks with
the mass L m,/3) are My ™ 0, My ™ 2mq. Besides, we followed the papers
/19/ and kept it mind that the description of the interaction in terms of
the effective fields ( %, O, @ ) makes sense only at distances greater -
than the characteristio size P, of the instanton fluctuations responsible
for SBCS (according to refs. /19,20/ P, ~ 0.3 fm). In the presence of the
instanton fluctuations of the gluon field the light QCD quarks [n ~ 0)
acquire the dynamic mass m sz) which depend.s on the momentum transrer Q
/19/. At large momenta, when 0 ~p !, this mass mq(QZJ-m d ~0 and only
at small momenta @#0 it equals the oonstituent mass mq(O) = n ~ MN/S The
interaotion with the effective ohiral field ¢(Z) can be reoorded in the
form, suggested in refs. /19/:

= R (Q°)p exp( 1, W/ 1y )b (1)
At Q;Q ~0.6 GeV/c the mteractlon is automatically sw1tched off. We used

the expression (11) in the linear approximation in Wfiam(ql/f,l) and
U-It(oos(t]l/fl) 1)

By B8 F(@ N0+, 7000 - (12)

n
where R < (0), gch=f:, P(Qz)mq(Qz)/nq(O). The expression (12) differs

from the Hamiltonian of the linear U-model only in that the vertex const—
ant 8. is reduced by the form factor F( Qz)
i'he form factor F( Qz) from /19/ was here approximated by the analytic

expression
n

F(Qz) [h- z . sz ]1/2 e
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The convenience of (13} is in that it enables us to record immediately the
T and O exchange potential generated by the Hamiltonian (12)

2
Vc:h(p) chmE{TETjDEGJ[Y (mﬁpﬁ Z C. A?; o{AhPJ

"
: 5
L IR 1) BRG] A Z %3 7o olty0)] (14)
k=1 &
2 n 2 2 2
SQIRD Lo e Lot
w k=1 k0 k— & G

YolT) = €72, Y,(z) = (3/7743/T+1 K (z)
Combining the potential VC?" with the colour exoha.nge interactions
Vong and V:“;”f ., We get a potentlai model,

Vi = Voo V;"j”‘fwg?, (15)

which uses in fact different types of interaction in three diffsrent regi-
ons 0<psp , P, P ANA T ongP<@. Hence, this modsl has two characte-
ristie scalea- p,amdr " a.nd gives stable observables as other model
parameters are varied.

It has already been noted that the masses of the effective fields (q,

T, 0) in our model are flxed
m = ?'nN. My = 140 HeV, m_ = qu (16)
and are not adjustable parameters, Just as is not the conmstant g -7%
> ch 4T
x—, which is normalized to known oonsbant of the pseudo soalar THN - co-

q
upling gzm/4%=?4.2 (see, for example, /10,15/)
Table 1a. Parameters of the gg-interaction

F 1 & Ta VTa 2 g2 m
s 1 B o | %n () Bam M
% i) [.!e (WeV) %r{[’s‘] a3 = 0-0284.(17)
i "
I J0.55 | 1.33 [411.35]300.6 | o The adjustable parameters of
%] the interaction (15) weTe, as
e’ 0.475! 0.97 {p46.4 =1 B

usuai, only the consiants Qs

11 0.525| 0.78 {161.78| 94.44 0.0284 G.c and VO, which were chosen to
T |0.50 | 0.57 |253.74{231.46|0.0084 provide the best desoription of
the nucleon mass, the A isobar
) from ref. [10/ and the masses of the nucleon
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Table 1b. The muolieon exeitation spectra for variants I-IIT

7t P
Eoim | omy | ompffl) mer (7= ) N
{HeV )] (HeV) {¥ey) {HeV} (¥eV)

I 939 | 1234 | 1454 (2037 (1345|1501 |e2005 | oiss
It 939 | o3 = - = H - -

IT | 939 | 1235 1412 1848 [1426 1628|1951 2157
I | 939 | 1232 1497 (1884 (1483 |1682  |2077 | 21mi

Emp 939 | 123242 [1440:40{1710£30|1540120 1650£3012100(2)] {7}

excited staies of positive and negative parity v, o~ (1535) N’;;2+ (1440},

ete. (table 1), Despite the faot that the model parameters were not Bpeoci-
ally fitted to the NN-data, we obtained a not bad deseription of the
3S?—phase shiftzs in the whole energy interval L’KEI abs? Ge¥ whieh = sup-
plied the reliable phase-shift data /21/. (The underrated values of the

120° L e e e T S e oo o

evaes Arndt (1983)
....... ref. f244
vxxx  Fef./10/
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Fig. 1. JSf—wave phase shifts.
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g ,~phases ai Ez abso.z Ge¥ can be accounted for by the faot that the cal-
oculation didén't inelude the temsor forees and the °S T—ED] - mixing). The
best deseription of fhe phase shifts in the Tegion KE, &1 GeV is obtai-
ned for variants I and III, i.e. for the cases when the baryon spectrum
is described most accurately.

We solve the problem of the projection of the siz-quark wave fumetion
onto the NN-channel {(and other baryon channels) by means of the fractional
parentage teohnique (or Racah's method) which is employed as a rule to
caleulate the cluster spectroscopic factors Sw, widely used in nuclear
physios for the analysis of the direet reactions on light nuclei /22/.The
completely antisymmetrized wave funciion (for ezample, a superposition of
the configurations 36. 34p2. etc.) is expanded as a finite series in the
nonantisymmetrized, but orthogenal basis consisting of the product of
clusters with fixed guark numbers.

@ 12...6) = } TE57 {r) B,(123) B,(456). (18)
6q B; BB, ¢’E£BJ. H 3

For example, the configuration 34;)2[42})({42] cgr Wiieh was first dis-
cussed in refs. /7,8/ is expanded in the orthogonal basis

|a'p7 1421 [42] og FO 8=t =0 = /; N(123 )mse)}sfq:go(r )
+/2§? {01{123)0,(456)}%@20@)-/2% 0,(128)0,,(456)} i, ()
-/g {C?(??B)Ci(456)}3T(p00(r')+ /2; {c‘;*(?zs )02(455)}ST@ODH-J
—/,%? o3 (12310, 0456) 0, (1) /g {nc123)** (456)} 0, ()

+ea. (37 terms as a whole) (19)

® ki * * L2 * .
Here §, N, ¥ , &, Gi, Ce‘ Ut v G;: are baryons possessing different

8pin-iscspin and colour structure {the mumber of asterisks corresponds to
the number of the oscillator quanta of excitation; the complete enumerati-
on of quantum numbers would ocoupy much space). In (19} the generalized
fractional parentage coefficient is the function of relative motion of ba-
TyOns ({pw(r').(;)zofr’)....). miltiplied by the fraetional parentage coeffi-
cient in the XCST-space. In the general oase, il is a ocertain function



@B 5 (r}, which desoribes the relative motion of baryons Bt( 123) and
iJ
35(456).

&1 T )
0y 5,(7) = /et {<3J123)|<BJ(456)1}ET;¢§'Z (1234%6)> - (20)
The functions QB 5 (1) are quite analogous to the function of relati-
t

ve motion of cluster and residual nuoleus, for example, in the gquasielas-
tic a-particle knock-out A(p,p'a)(4-4) /22/. Namely, we can write Eq. (19)
for the siz-quark deuferon by the general form, commonly used in the low-
energy nuclear physies /2,13,22/ y
/a2
QBEBJ(I‘) = [g] nggj rpBEBJ(r) (@1}
The quasi-elastio knock-out experiments df e,e'p}N* and the deuteron frag-
mentation reactions A(d,N*)X at the intermediate energies (see for example
refs. /23/} offer an excellent possibility of the immediate experimental
observation of individual ferms in the expansion (19), as far as the high
value of the final state relative momentum k:1 GeV/c makes the final state
quark antisymmetrization not essential (& >> bf’. where b ~ 0.5 M is the
oharacteristic size of the three—quark system).
Here, the spectator sl mementum distribution (i.e. the initial state
morentum distribution of the BrBZ mutual motion) is described, ideally, by
the square of the Fourier transform of the function (20)

- . -3/2
tkr
%, 5 (K) = (21) Imﬂﬂzm o' o7r . (22)

Tts normalization integral provides us with the ecrrespon-
ding “effective number” of baryons, mentioned above.
Using the technique of projection onto the AN and other BB-channels
{20), we show in figs. 2 a,b the NN-scattering wave functions for
the energy E, ap=200 ¥eV and in fig.3 the wave function of the deuteron
for variant III whioh gives the phase shifts most olose to the experimen-
tal. Figures 20,b and 3 show in the form of projections onto the NN chan-
nel the complete wave function uL=GSTamﬂitshomponents:
1) the shell component .‘Jg%élx[?g}cs which is symmetric in the
I-space;
2) the additional component EﬁT which belonge to mixed symmetry in
the I-space

o~

ST« G 106112 gioD - @
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Fig. 2. Projections of the 6g-wave functiong onto BB-chammels.
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By definition, these components are orthogonal to each other
<u16":Ti36[6]X[23] CSIST>=O and the component ué’iT consists of the asymptotic
part of wave fimotion whioh will be writlen in what follows as

A[t})ipyxas(r‘)}, without specifying the form of xas(r') and the superpositi-
ons of the remaining 5 states of the shell configuration 54p2[42}x

""LST
=) 8181421y g ST A{hghox ()} (24)
ch o
{Here the coefficients @ - differ from the calculated a,. The coeffmlents

; inciude the correction for the overlap of the eonfigurations 2° and

g p [42] with the asympiotio part of the wave Immtmn)
Figure 2!7 shows the projections of the component a[&} is {6] [23]

onto the NN-, AA-, and CC-charmels and figure 22 - the anaiogous projec-
tions for the component Eﬁr at an energy Ezab=200 HeV. (At other energies
the relation between the projections ¥N, A4, CC does mot ochange qualitati-
vely). We see that the components .‘36[5} and uLST differ qualitatively in
relative value of the amplitudes of the funetmns iIv (r) and & (r‘), where
BB=AA, C G The symmetric component &0 (6], is pro;jaoted onto any of the
baryon ohannels ¥N, CC with the weights close to unity (i.e. none of the
baryon channels is predomina.nt) whereas the component u q is projected
mainly onto the NN-channel (CD > CDA A‘Qcc) not only in the asymplotic regi-
on but in the overlap regicn, r<r' ong 28 well. This means that in the con-
figuration sdpz[dé’] there forms (dsnalmcal}.y) such a superposition of
atates {ICS]. which corresponds to the predominantly clustered wave fume-
tion in the form of N + N with the other nonexcited baryon cluster, A + A
and € o ¢,, being suppressed.

J
Thus, upon solving the set of equations for @

y W get that the
K¥N-scattering wave function in a wide energy range has a characteristic
structure - it consists of two qualitatively different components. The co-
mponent ';uLiT. defined in (23), is the olustered NN state which in the re-
gion of small distances iz deseribed by the superposition of states in the
configuration 34p2 {see {24)) and has (in the projection onto the ¥¥ chan-
nel) a node at distances r~b (see fig. 2). The second component is the sy-
mmetric shell state 36[6}x whioh is more like a Hg-bag (none of the baryon
channels is predominant in it). Both the oomponents eoexist in the region
of distanees r<0 and for the understanding of the N¥-dynamiocs at small
distances this effect of mixing of the configurations 3% and 34p2 is very
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!

essential (this was first noted in the paper of Harvey /11/).
Here we note that the oconfiguration 94}32 plays the significant role
in the NN-scatering. The nodal position of the wave function

B () = JE(N[?ZS)IN‘ME\S)IN&IS% (25)

at small distances b is stable in a wide energy interval O(E' <1.2 Ge¥
whioh acoounis for the negative slope of the phase shlits in the 5 ,~waves
up to energies E1 b" 2 Ge¥.These nodal wave functions §D (!‘) cauld play a
key role in the optical model desoription of NN seattermg /5,6,24/ menti-
oned in the Introduction.

In the present-work we obtained not only the absolute values of the
ampiitudes of the configurations 8% and sdpz. entering into the wave func-
tion of the NN-system, but also their relative sign {negative) which rema-
ins unchanged up to energies E ®1-1.2 GeV. In the deuteron the relative
sign iB also negative.The latter is especially important since it permits
one to understand that in the deuteron electromagnetic form factors the
contritutions of the 8° and .Ef‘lp2 configurations will interfere destruecti-
vely /4,25/. Just because of the destructive interference of the quark
contributions the deuteron magnetic form factor takes on a zero value in
the region QER‘E Geve/c? and, accordingly, rapidly decreases in absolute
value at °€0.8-1 Ge¥2/c®. This behaviour of the magnetic form factor is
quite different from the previous predictions made in the hybrid model/26/
in which the 6g-bag (configuration %) and the NN-component are spaced
apart and their contributions interfere weakly in the electromagnetic pro-
0esses.

One of the interesting qualltatlve effects predicted by the model
with excited six quark eonflguratlons (S 2 ) p2 etc.} is obviously short
range non-nucleon components AA, NN w* » etc. in the deuteron. & visu-
alization of the specific momentum distribution of sueh components in the
deuteron will be a orucial cheok on the six quark origin of NN interacti-
on. Mesurements of the momentum distribution of a baryon-spectator in deu-
teron fragmentation reactions will be such erucial experiments.

The fragmentation cross section of the deuteron into forward proton
was studied in Dubna in the reaction '2C(d,p)X /27/. Tt is assumed that
the spectator mechanism is predominant in the region oy 2 0.6 and so the
expression for the invariant cross section takes a simple form /28/
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a

Tlog)s  (26)

- omigm /o ol
EN+

where = is a part of deuteron momentum earried by a nucleon in
& E“}r‘

the deuteron lnflmte momentum frame /28,29/, pR {pT,pLJ is a momentum o
the nucleon-spectator, @ {R %ET) is the Fourier transform (22) of the

nonrelativistic wave fum,tlon d? (%) (in our case CDNN is the projestion of
the six quark wave Funetion ontu ¥¥ charmel (20)}. It is postulated that

pﬂ' (GGV/C)
2 0;3 0'.4 a5 0.6

b
Ny

-

2C(d,p)X 19 =0°
Ableev et gf. (1983) .
P, =89 gevc

(mé GeV 203 sy

8
2
T

d’s/ap

o .
LUBJ
0! L i
102 | T i
10~ ; . .
5 6 7 é
(Gev,c)

Fig.4. The Tragmentation oross sections of the deuteron
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0. is a function of the virtual two-nucleon mass %=2vﬂ;§+'é§+k§ and 50

: " B Py ﬁz 5 3 4
the light front variables are E, and G ={ +§T+RL+RL)/mﬁN /?28/. The cons
tant C in eq.(26} iz proportional tc ‘the inelastic nucleon-nucleus cross

. in _rotot el tot - 8
section Gsl}'& GM({?—QN)Ed}. where Gdf{g:u _UdA}/UN , and f{a} is the fac
tor of a form of the oross section near the kinematical 1limit
f(a):(am-a)(mr’{zam-1 J! (see for example /28/).In the vase of ba-

ryon-spectator B, we can use the simple substitutions Mex Mg g
iz

o2 03 /2,2 2 1/2 T R g V) :

_(pBT+mE1) +{p32+m32) and U.ET-f{pB,-}mB’) +pBrLJ/(Ed+Pd) in the

eq.(26). The fig.4 shows the fragmentation orose seotions of the deutsron

into forward proton,A-isobar and Nt[ 1535) for the kinematics of the Dubna _

experiment /27/ on nuecleus 726‘ at {he momentum P d=8.9 Ge¥/c. {Upper scales

in the fig.4 show momenta of the barion -spectators in the deuferon rest
frame. }
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RELATIVISTIC DEUTERON STRUCTURE
IN THE LIGHT FRONT DYNAMICS

Karmanov V. A.

Lebedev Physical Ingstitute,
Leninsky Prospect 53, Moscow 117924, Russia

1. Introduction

Finding from the first principles the nuclear wave
function. at relative nucleon momenta of the order of their
mass {(q ~ m) is practically imposeible. This is connected
with the fact that NN-potentisl (for example, OBEF), which i=
valid at relatively large inter—nucleon distances, becomes
invalid in relativistic region, whereas the true relativistic
HH-interaction hardly can be calculated reliably. Therefore
we can u=se only general properties of relativistic wave
function independing of unknown detaile of interaction. Under
these circumstances we should vork in the formalism which
uses as a relativistic wave function a natural generalization
of more or less known nonrelativistic weve function and at
the s=same time satisfies the general principles of relativis-—
tic dynamics (t.e., the correct transformation properties,
dependence on natural relativistic variables and so on).
Review of this formalism based on the explicitly covariant
light front wave functions and developed in the papers 1,21
is given in this report.

We will show that at g ~ m parametrization of the wave

function is changed considerably: 1) wave function becomes to
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depend on new natural variables, having the sence of relati-
vistic relative momenta; 2) beesides that the wave function
depends on another extra variable having the form of a unit
vector n. These two facts lead to gualitative cbservable
phenomena which do not depend on unknown details of behaviour
of the relativistic deuteron wave function.

Below we explain the physical reasons of gqualitative
change of the wave function parametrization in relativistic
region, describe the properties of the light front deuteron
vave functicn and give qualitative predictions for the cross

gection of the deuteron electrodisintegration.

2. Parametrization of a relativistic wave function

Transformation properties of any relativigtic wave func-
tion follow from the field theory and Poincare group. However
below we obtain these properties from rather transparent
gualitative physical congideration. 4 reader interested in
more strict proof can find it in the review paper [2].

Let us consider the wave function of a system (for

definiteness we consider the deuteron) with the total momen—

tum B oy = w(ﬂ;, E;, P), where -Ea and ;;.are the nucleon
momenta, E; + E; = B. 1In coordinate space this wave function

is the probability amplitude W(¥,, &, ) to find in the

o r
deuteron the nucieons in the points ?; and ?; at one and the
same time moment t. Let us define the relative momentum g as

the momentum of one of +the nucleons {(let ; = E;) in the

reference frame where 3; + ;; = @. This momentum is
expressed through energy squared s in c.m. -gystem:
G S B e gy e fa e, = kq_)q' = B e mTy, a 4E ERG
nucleon mase, We emphasize the following very important and
for the first glance paradoxical fact: this relative
momentum does not coincide with the nuéleon mementum

in the deuteron rest system. Indeed, inspite of the fact that

the sum of +the nucleon momenta 15 equal to the deuteron

momentum: E;‘+ ﬁl = S: the sum af the nucleon energies is

not equal to the deutercn energy: e(E;) + 9(;;} * amtsﬁ,
.= Lo 3 2

vhere  o(k) = (m* + T 32 e (@ = ™+ TH' N is the

deuteron mass. Therefore, if in any given system of reference
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- e g
we have the equality ki +k_=p (i.e., not complete equality

i
of the four-dimensional vectors, but only the equality of
their projections on three-dimensional subspace), then in
other system of reference this equality is desrtoyed. So the
shadows of two non-equsl trees can tura ocut to be equal at
a certain time of day, but they become different at other

pogition of the sun. In order to go over from initial system,

—- —_ - - e
where k1_+ kq_: P, to the system where k‘ + km = @, one
should apply the Lorentz hecost corresponding to the velacity
—— - — —— -3 -— — - —
vy =k, or kq_)/(a{kt) * E(km)) = p/(e(ki) + elk,)). On the

other hand the +transformation to the system, vhere i?: a,
corresponds to the boost with cther velocity 3;

In the first system of reference wve have f; ¥ Q; = @,
-

o] - —-
k1 = —km = q, but p = @; in the second system of reference

= Pre_(p) =
= p/e(p W

we have P = @, but E; + E;_# @2 and hence ;; = &T The nucleon
momentum in this system we denote as 3;, keeping in mind that
it wvill be the momentum of the neutron-gpectator in the
reaction D(e,e‘pin. ‘

So, w¥e introduce +the variable a'# EL, but as we shall
8ee now this variabhle does not exhauts all the set of
variables, Speaking about the relativistic equal-time wave
functicon with arguments connected by the equality ;; + ;L:=;:
ve always should point out the corresponding system of
reference where this wave function is defined and where this
equality is walid. Namely in this system the events in the
points ?l and ;; are simultanecus. In other system of
reference they are not simultaneous and correspond to dif-
ferent moments of time ti and t,. Corresponding wave function
becomes equal—time one in this new system, if we put the time
difference to zero: at = ti - tQ = @. But the wave function
depends dynamically on at, having different values in dif-
ferent systems of reference. This means that the wave
function depends dynamically on +the system of reference.
In the momentum space this fact corresponds to its dynamical
dependence not only on the relative momentum E; but on the
total momentum ;' (since in different systems = particle
moves with different momenta ;): y = wp(E;., ?}.

More rigorously +this phenomenon can be elucidated as
follows. Since Hamiltonian of =a aystem (which is the zero

component P, of the four-momentum operator EH } contains
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interactiaon, then +the components ch (1 = 1,2,3) of +the
four-dimensional angular womentum tensor {MU contain the
interaction as well (in order to provide the correct trans—

formation properties of the energy ﬁ) under the Lorent=

transformations realized by the generators Jaa ). Therefore
the Lorentz transformations of the wave function wig, B
which are also realized by JLo and transform the wave

function from one system of reference (vhere +the total
momentum of the deuterom is 53 to other one (with womentum
B’) are the dynamical ones. Hence the wave function w(;, E)
depends dynamically on the total momentum F

It is well known that most canvenient systen of refe-
rence is the infinite momentum frame (IMF). The virtual
creation of particles <from vacuum is suppressed in IMF,
since the life time of these vacuum fluctuations t ~ h/AE
tends to zero when AE tends to infinity in IMF. Therefore in
IMF  we observe nemely those particles which constitute 1he
composite system. In the limit Eﬁ7A> o= the dependence of
the wave function on }E] disappeares, but dependence on the
direction 1 = 57152 survives. By this way we come to the
esult mentioned in the introcduction:

o lu(—qb, . (1)

The physical reason of dependence of the weve function
(1) on the veriable © is imposasibility in principle to
separate  the center-of-mepss notion of & relativistic inter—
acting system from the internel motion. This property just
manifests itself in dependence of the egual--time wave fun-
ction not only on the relative momentum a {internal wotion),
but as well as on the total momentum P (center-of-mase
motion). The dinter-influence of the internal and center-of—
mass motion is irherent +to any interacting reletivistic
systems, but it still never has been observed.

It is convenient to represent the nucleon mementa in

INF ti.e., at § ~-> ©° ) in the form:

- - - =2 - g

ky, = k; « xp, k, = -k, + (1 - )p, @ < x < 1, 20
For the wave function we obtain: W = w(E', x}. The veriables
a; o in eq. (1) are connected with well-known variables
- - - - -
kL’ ®. Substituting eq. (2) in s = (z(ki) + ootk Yr - <k1 + km

7 - - PO N e &

and teking into account that at § -—>o etk ) * xp + A

g b LXPp
and similary for stk,), we find:
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e ky 4w i
Y B oy v’ )
4 % (14 -X)
Analogously to eq. (3) one can find:
B temr & 4
- T Z o 5
g = (q. * €4y

X (4-x)

Hote that in accordance with the statement given above, if

— — .

the equality ky «k, = p is walid in the system with
—_ —

'[-J.——D' Lo » then in the reference system, where ki + k’L= @,

the mamentum B'turns into the mnmentum'ﬁ' which is not equal

to zero. It can be easy calculated by the Lorentz transfor—
mation corresponding to the velacity ?;;_ defined above (v,_ -2
T,

——> cat P -——>9% : P’ = (F - v, ={Br/er/ At
s

—]:; —-——> o we obtain that in the system where k, * l‘:q_ = @ the

total momentum has finite nonzero value: -];’ = -Tt(s - N'L Y/ 2|,

where 1 = m]-).)’rp?

3. The light front wave function

Above we considered the wave function giving the pro-
bability amplitude at one and the same time moment for all
the particles in a certain fixed frame of reference (namely,
in INF). In order not to be connected with fixed reference
frame, instead of this wave function we can use the equiva-

lent non-equal-time wave function defined on the light front

surface =z + t = @ but in arhitrary frame of reference. Thus,
in the coordinate space we have y = \y(;:, ti.' x_"l, tq), where
t, = “Zgr tl = -z,. Hovwever in this approach ve still have no

complete independence of the reference frame, since the equa-
tion of the surface =z + t = @® is not invariant and therefore
is tied to a definite frame of reference. Explicit covariance
of the nuclear wave function is necessary to construct the
states with definite angular momentum and spin.

Theoretical approach leading to explicitly covariant

wave functions was developed in the papers [1] (see the
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review £233. In +the approach £1,21 the state vector is

defined on the light front =surface wx =0, where
wr = wlt oo Tr- e The theory becomes explicitly covariant

°
but keeps din itself all the physical properties of the wave

functions discussed above including their dependence on the
variable #. In controst te the IMF approach in the framework
of new formalism the vector T is directed not in the direc—
tion p {the momentum P is finite now) but in the direction w.

The 1ight front wave function i=s a coefficient .in the
expansion of the state vector o(p) defined on the covariant-
light front hypersurface:

$(p) = fw(ki,fu, VR

ty)y

kot kamposor).

stk R
V2E, Vs s

z

cat(K) ar (ke T
(3)

We emphasize that all the four-vectors are on respective mass
shells: pm = Hl, (mt)m =@ ft is a scalar parameter),‘kt =
= k::= mtand are constrained by the relation: ki *_k1v=_p 4+ ST,
The latter relation, as well as the three-maomentum conserva-
tion in the .equal-time wave function, follows from the trans-—
lation invariance of the theory. Hence the paramertization of
the light front wave function formally coincides with the
parametrization of the scattering amplitude 1 + 2 -—> 3 + 4,
In c.m. -system (E; + E:;= @) it depends on the relative
momentum g and the "scattering anglen” 9“1— between E’and';:
So we return to paresmetrization ¢(1).

The eguation for +the wave function has the form very

close to the Schroedinger -equation in the momentum space:

(4 (T wr) - ME) w5 X)) =

] == ‘b 3 £
=B 15:3@}(" DVl g r M) L

Eeg™') ’ (63
The kernal V in eq. (6) depends on the vector parameter .
This dependence automatically appeares in any calculation of
the kernal in the light front dynamics and leads to B-depen-—
dence of the wave function. In the variables ;l and x the
equation (6) is transcribed in the form coinciding with the

Weinberg equaticon [31:
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B
-+ e
—'L—. = M‘L V/(kL) x)
aflk‘: Ay o

ms jW(k;_ X )V(k i X Ml) LA CL-x

an example let us congider the system consisting of

Il

two spinless particles interacting in the ladder approxima—
tion by exchange of the massless and spinless particle (Wick-—
Cutkosky model [4,35319. The coerresponding interacticn kernal
calculated by +the light front madification [la,d] of the
graph technique developed in ref. [6]1 has the form:

V(Z, &, =, M1)=—“‘~L[(‘f~i’)l

)E(z)

e

h.‘I— g
£cg') £

-z (8)
% e

+ (G €0y L)

The solution of eq. {6) with the kernal (8) for the

ground state is given by the formula f1d1:

lsjtz/"- x‘s‘j

9

where xq'= m,E:

-
. s it
= €5 a7 A% q 4w fhe factor (1 + |Rd|/e(d) in

és is the binding energy and B(Eﬁ =

eq. (9) {arising, as it wes explained above, due to inter—
influence of internal and center-of-mass motion) turns into
X, and we return to well known Coulomb wave function of the
ground state. At g ~ m this factor is important and leads to
observable phenomena.

Calculations of the electromagnetic form-factor of this
bound system by two methods: (i) through the light front wave
function; (ii} through the Bethe-Salpeter function [71; give
the coinciding resuits. This shows that the light front
approach is self-consistent, as well as the Bethe-Salpeter

approach, but more convenient in practice for the aims of
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nuclear physics. The Bethe-Salpeter function for the deuteron
vas calculated in ref. [81.

In the case of the states with nonzero angular momentum
the vector n participates in construction of the angular
mom=ptum on  the egual ground with the vector‘?; since the
transformation properties of W and § under rotations and
Lhe Lorentz trensformatiocons of coordinate system coincide
with each other (in both cases 'E and n are rotated only).
Therefore the relativistic deuteron wave function on the
light front has wmore rich spin structure than non-relati-

vistic gne:

®y

Pz, 7)= (4V2F 4 £ £GEED) 4

‘Z"I_

+ 4, F (3R d)- )

+ fu 53 Twe) s R (T ) 28T
+ J(S'Ll/gfi‘*;‘.]/i
+ f¢ g[[i*q:l*?])@;' we

The functions f, ¢ depend on q and on nq. Estimations of

the functions f in the framework of the one boson

£L-~-6
exchange model ¢but not in the potential approximation} were
oblained in ref.[lel. In nonrelativistic region g << m
the functions f3_¢ become neglegible, the functions fi,t
become independent of Y and coincide with wusual S- and
P-waves, and we return to well known nonrelativigtic deuteron
wave function.

In order to obtain the deuteron wave function in rela-
tivistic region it seems resonable as a first step to take
& nonrelativistic wave function (for example, calculated in
Paris potential) and to replace its argument (nonrelativistic
relative momentum) by relativistic relative momentum ?; This
allows +to take into account carrectly the relativistic kine—
matics and so to guess partially the true wave function at
q ~m (neglectin,its ;:dependence). Example considered above

shows that +this replacement in the nonrelativistic Coulomb
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wave function leads to the correct relativistie wave function
(with accuracy of its K—dependence). 0f course, this almost
exact colncidence is a property of the model. This procedure
is already realized in a number of papers devoted to nuclear
reactions with high momentum transfer where relativistic
effects in deuteron are important (e.g., fragmentation of
relativigstic deuterons on nuclear taget, electrodisintegra-
tion of deuteron and so on, see Lykasov’s report at the

pre=zent workshop).

4. Experimental consequences

What do the qualitative abservable phenomena (which can
not be imitated by other processes) fallow from dependence
of the deuteron wave function on variable B? Let us consider
the reaction Dfe,e’p)in. For simplicity we start from the
impulse approximation, in which the cross section is propor-
tional +o the wave function squared: d S/dﬂpdﬂedE' ~
~ ]\p(q, cr::sei'L )]q_- Since the deuteron wave function is not
changed at the replacement q --> —E_ (this follows from
the Pauli principle), the wave function squared is symmetric
relative to th’ = 2@°. The variables g and e“% are expressed
through the momenta and scattering angles of the particles
participating in the reaction (see refs.[1f,g)). One can find
such the kinematical conditions for experiment that the value
q will be constant, but the angle Bh%’ #ill vary. In usual
kinematical conditions {i.e., at fixed values of the electron
scattering angle 8. and its final energy E’) the cross sec—
tion versus the proton emission angle ep {or, equivalently,
versug lhe neutron momentum phrl is measured, In order to
provide the condition g = constant one should vary Bp and E”
sinultanecusly according to a certain relation between them
(ref.[1£1). For kinemwatics of CEBAF the relation between 8,
and E’ was calculated in ref.[1gl. For GQ = 12°, 13" and 14°
it is shown in fig.1. Corresponding cross section is shown in
fig. 2 (the curve 1), The peak at this curve appeares due to
the fact that the wave function being symmetric relative to

a9 92° has inevitably the maximum (or minimum) at this

\‘\clv’=
value of eh$ and at corresponding value of © . Estimations
14
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[le]l zhow that we have namely maximum. The wave function (9)
has the same behaviour (at Gnq’ = 987 the factor
(1 + EE&ﬁ/a(E)f‘ reaches its maximal value egual to 1}.
The curve 2 in fig.2 shows the cross section calculated by
neglecting the wave function dependence on variable n. In
this kinematics the wave function y(g) is constant and the
corresponding cross section is monwtonic one (it depends oo
GP due to eN cross section and kinematical factors).

Another theoretical approach +to the problem of the
relativistic deuteron wave function is based on the Feynman
vertex with +the off-shell momentum of one of the particles
(the Gross wave function [%21). In this approach the wave
function depends only on one variable (neutron momentum
spectator P in the reaction Di(e,e’p)n in impulse approxi-
mation) and does not resuli in the peak in the cross seclion
(curve 3 in fig. 2.

Our estimations of influence of the final state inter-
action carried out in refs.[1f,gl show that the final state
interaction though distorts the form of the curves in fig. 2,
but does not delete the peak. Reliable guantitative calcu-
lations in the region under consideration seem to use impos—
sible because o©of high relative energy in the final nucleon
state (of the order of 1 GeV). However the arguments given
above indicate that influence of the center-of-mass motion

on the internal motion can be dicovered.
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RELATIVISTIC DEUTERON AND CHARACTERISTICS OF PROCESSES
WITH ITS PARTICIPATION

M.¥Y.Tokarev
Physics Department, Tashkent State University,
Tashkent 700095, Russia

1. INTRODUCTION

The investigation of hardron-deuteron and lepton-deuteron in-~
Lteractions at high snergies yields independent informaiion on the re—
lativistic deuteron structure and its constituents.

Recent, experimental data on momentum dependence of cross section
for the D-p fragmentation processes are given in Ref.[1-31 and on
structure function BCO®Y for elastic e-D scatteri ng in Reff4]l.
This data is widely used both for testing availeble deuteron models
and for z future development of the theory aof the relativistic nuc—
lzar systems.

However the analysis of the unpoclarized characteristics, far ex-
ample , given in Refs[1-41, of the considersd processes is nob
sufficient te conclude unambiguously on the advantage of any relabi-
vistic approach to be used to describe both the deuteron itself and
the processes involving it and does not allow us to consider unambiguo-
usly the relative contribution of varion mechanisms of the processes
Cimpulse approximation (IA>, pion enhancement, final state interacti-
Git, meson exchange current,etc’.

The measurement of polarization characteristics - tensor analy-
Zing power T,, and vector polarization transfer coefficient of the
D-p fragmentation process (3,561 and Lensor analyzing power T, [71]
of the elastic e-D scattering also allows us to analyze these proces-
ses more correctly and to conclude that together with the scheme of
the deuleron wave function relativisation the relativistic descrip-
tion of the processes themselves is of importance as weil.

In the present paper some polarization and unpolarizetion cha-
racteristice of p+D = {hp>+X, p+D » h+X, e+l » e+D processes are
considered in the framework of the covariant formalism in the light
cone variables on the basis of the relativistic deuteron wave func-
tion CROWF) with one of the nucleons on mass-shell [8-10].
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2. RELATIVISTIC DEUTERON WAVE FUNCTION

We use Lhe relativistic description of the deuteron proposed in
Refs. [8-101. The RDWF ¥, (xk > in the light cone variables (xk >
is defined by the DNN vertex function T, with one of the nucleons
. and the deuteron on mass shell
T, = kyla+a, (nls r la+ a -dmfd]. &b
Function T is parameterized by four scalar functions a (i=1-4>, de-
pending on the variable - the nucleon virtuality k®. The latter one
is a function of x and k,

2

K* = x'M. - (xrm® + KDC1-30 . 2

In Ref.f11] the relativistic equation for ¥, was consiructed. The
explicit form of the RDWF and its parameterization was determined in
Refs.[8-10]1. While constructing the RDWF we used some assumptions on
its negative components in nonrelativistic region, a correct asym-—
ptotic behaviour in the nonrelativistic limit, coincided with a
known deutercn wave function <(Paris {121, MGourdin [13]1, Mc Gee
[141> and the description of static deuteron momenta.

The constructed RDWF is used to describe electromagnetic deute-
ron form-factors, structure functions of elastic and deep-inelastic
e-D scattering. In Ref.[15] the RDWF was used to describe the cross
section of the [Xe,e’p>n exclusive deuteron electrodisintegration
process.

The obtained results show that the developed cavariant appro-
ach in the light cone variables and the derivation of the RDWF may
be used for the analysis of the great number of processes with the
deuteron participation.

3. DOUBLE INCLUSIVE p+D -+ (h,p>+X  PROCESS

The comparison of experimental data (3,561 with theoretical cal -
culations, for example,in Refsf16-18]1, shows that tensor analysing
power T, and vector polarization transfer coefficient K of the
D+A » p+X process cannot be described by the spectator mechanism
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only, though its contribution is consigerable, therefore to extract
direct information on the RDWF structure in the region of the dyna-
mic D-wave enhancement is impossible. The latter conclusion is jus-
tified in Ref.[18] by the fact that the regicn of minimal T, is
filled by the contribution of pion enhancement mechanism That is
why the experiments on measurements of T,, and K of the double
inclusive p+D » Ch,pd+X  process with registrating a fast particie
{h=m ,K’t, D> scattered within a large angle (6h>900) and back scat -
tered proton-spectator may be in our opinion more informative. In
ithis case the contribution of the pion enhancement mechanism is ki-
rematically suppressed and one may expect to obtain direct informa-
tion an the momentum distribulion of nucleons in the deuteron and
polarization RDWF structure in the region of dynamic D-wave enhance-
ment.

The amplitude of the process considered in the IA 15 described
by a diagram (Figi>.

Fig. 1

Here g, p, k, rh, r® are momenia of the incident proton <p>, deute-
ron (D} active nucleon (N>, registered particle (h>, and proton-spe-
ctator <{p>, respectively. The top block desecribes the amplitude of
the p+N » h+X process, the bottom block describes the DNN vertex r,
with one nucleon on mass-shell. Under this approximation tensor
anal yzing power T,, of the p+D + Ch,p>+X reaction in the framework
of the covariant formalism in the light.—cane veriables with the RDWF
(12-141 is defined by the formula

TZO: & }%_ t:P/ Q;p ’ ) <3}
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hp

zz h h h h
where t, = 8% (x,ki)'szz PAX %, T, - X X% k>

hp
pD

§°'ﬁ(x,ki>-par?'p:(xh/x, r:’_ - xh/x-kﬁ -

Here xh=r‘r:/pr+ sx=k-op, L x =1 -x r:,kJ_,r‘f_arethe
fraction of the deuteron momentum and transverse momentum carried
away by the particle h , active nuclecn N, proton-spectator p,
respectively; Saﬁ is a quadrupcle part of the polarization deuteron

density matrix < SD(‘,? = Sr;‘a » Sue = 0, ;Ja‘Sa"rg =0 >;

2 g T .
p?q? = - (gaﬁ - pdpﬁ/ M >-3 is an unpolarized part of ’t,heh polariza-
tion deuteron density matrix; M, is a deuteron mass; p, 1is the
inclusive cross-section for the p+D + h+X process.
Tensor §a(§ is expressed via a vertex function T, as follaows:

5= 5P {<m+f<‘>“vr‘ac1<>-<m+f~‘P>-rﬁ<k>-<m+12>"'<m+a>>. W

Fig2z shows the results of our calculation of the dependence of
Tao of the process p+B » (a",p>+X on the momentum of backward scat-
tered proton-spectator with the registration of a fast n° - meson
(rp>= 02 GeV/c> at the angle of &_+= 90° . Curves 1,2,3 and 4
dencte calculations using the RDWF [10] with the core for the momen-
ta of the -incident proton q = 455, 89, 50.,1000. {GeV-c>, respec-
tively. T

(1]

-10

Fp, GeVie

P D v P

a0 01 02 [ 0.5 0.4 o7 ag
Fig.2.Tensor analyzing power T,, of the p+D—>Crr*,p)+X process in
the relativistic impulse approximation.
Experimental data from[S].
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Fig2 shows a noticeable dependence of T,, on the incident pro-
ton momentum; with the increase of g the value of T, | tending to the
asymptotic behavior. This is consistent with the results from
Ref i16] for s = ip-rq>2+ g with faking no account of mass terms
resulting from <(m+q> 1in the formula (25.

Note, that the formula <1> under the IA for T,  coil ncides with T,
of the p+i’j + p+¥ process. Therefore, it is natural to compare re-
cults of our calculations with experimental data on T,, [3,5].

Fig?2 shows experimental paints [5] for comparison.

Gond agreement between the theoretical results and experimental
datz is observed.

Experimental verification of the predicted momentum dependence of
T,, 10 the region of the dynamic D-wave enhancement 1s of interest.
This may lead Lo the recaonsideration of the role of the pion enhan-
cement mechanism in.this region.

AnoLher characteristic that is able to give independent informa-
tion on the polarization structure of the relativistic deuteron is
the vector polarization transfer coefficient - K. It defines the va-
lue of polarization transfer from a vector-polarized deuteron to a
registered polarized proton.

The K in the 1A of the p+f) + ¢h,p>+X process in the framework
of the covariant formalism in .the light-cone variables [8-10] is
defined as follows:

R g 5

D D 3
hp v o3 h. h h Finces
where V.7 = ® (XKD e, ALK X, T - XX k,>-

Here- p,q ='i-saﬁpv-3“_-pv/2‘}ﬁn iz the vector part of the polari-
zation deuteron density matrix; s is four vector of the deuteron
spin ¢ S: =--1, 1:|m',sm"= 0>

Tensor ézﬁ as well as tensor ﬁaﬁ in the (2> is expressed
via the vertex function T with one nucieon on the mass-shell

v - A -~ = ~.
By = SP Lm=R T TG0 w o8 - ImeF > T 00 meR D Lmedy B

The magnitude s, is the four vector of the registered proton-spec-
tator spin.



Fig3(a> shows the results of our calculation of K for the
p+D) + <n",B2+X process vs the momentum r_ of the backward scattered
proton-spectator <8 = 180> and the momentum r_» of the fast
7'~ meson, scattered at the angle of & = ap°. Curves 1.,2,3 and
4 are calculations using the RDWF [10] with the core for moment:
of the incident proton g = 455, 89, 50.,1000. (GeV-c>, res-
pectively. The angle 9;;:) between the incident proton momentum q

and the vector of the deuteron spin 2 is 90°. Deshed lines 1,2,3,4
are calculations using the RDWF [8] with no coreFig.3{a> shows that
the qualitative effect - the absence of zerc in the S-wave of the
RDWF is manifested in the displacement of K's zero inlo the region
of r, > 0.3 (GeV-oo.

The dependence of K on the incident proton momentum q both for Fy
more and less 0.3 <(GeV-c> is clearly observed. With increasing g the
curve of K tends to the asymptotic behavior. This agrees with the
result [17] for K obtained under the IA for the D +*2C » p+X process
in the s = {p+° + o limit. Figie> also shows experimental data
[6] of K for this process.

The experimental points are seen to lie systematically upper
than theoretical curves even for g =1000. (GeY-c2.

K : T ! : .

125 |
100 -

s

e

0s [

a0 0‘1 a2 (;3 C,N a5 a5 07 @8 W@ o a2 03 0 05 08 0F a8
rp, GaVie rp, GaV/c

a b>
Fig.3.Vector polarization transfer coefficient K of the
p+D =+ Ch,p>+X process in the relativistic impulse appro-
ximation: {a» &z2 = ag® , < 83 = o°.
D D

Experimental data from [6].



Fig3b> shows the calculated results of K for the case of
= 0°. Notation is the same as in Fig3{a>. With increasing g

2]

2|

flexure 1n the curve of ¥ both for r, less and more 0.3 (GeV-ca
s observed and ¥ = 0 for v = 02 (GeV-gd. The calculation using

=S

the RDWE [18] without core, shows the displacement of the maximun

of the dependence of K intc the region of r,® 0.3 <Ge¥-ch.

4. SINGLE INCLUSIVE p+D » h+¥ PROCESS

It is known lhat the production of the cumulalive perticl
h(ni, Ki, 2 for the p+D + h+Y process are mainly due to the direct
mechanism, though some contribution comes also from rescattering.
The direct mechanism is associated with the cumulative production of
a particle h on ong of the nucleon nucleus having a large Fermi mo-

tunm. The contribution of this mechanism is due to the high mo-

RISt

ntum component of the KDWF. Anolher mechanism involves both nucle-—
ons in the a cumulative particle production and is independent of
the existence of such a component

In Ref=16,19]1 in the framework of tLthe approach [8-101 the
axperimental data [201 on inclusive cross <ection of cumulatiw
7° - meson production was described by the direct mechanism So it
is nalural io consider this mechanism in the same approach for the
calculation of the tensor enalyzing power T, of the p+D -+ h+X
process as well.

Im@rtMSammHMMMmqgoaftm;hﬁahdgrmﬁmisddhwd
by farmula

¥ - h
B, == 2Rl #5 2 SR #By, o

£

z o ok 3 b :
BT xk D5 P (X #x, I o= Xk D
L N e x

where ty =

3 S h
-éa{Cx}a}-pﬁH'p CX 4 b, = % sk, 3o

Here notation is the seme as in formula (1)
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b

Fig. 4.Tensor analyzing power T,
of the p+f) -+ h+¥ process in the re-
lativistic impulse approximation:

2> h=n"; B h=K;c»h-=Y.

The calculation results of the wmomentum dependence T,, of the
p+ﬁ + h+X process for the angle &, = 180" and values of momenta of
the projectile proton g = 8.9, 20, B00. (GeV-c> are shown in Fig4.
Parameterizations of the inclusive cross section p: (x,k > for the
production of h r’, Ki) on the proton were taken from Ref.[21] and
it was assumed that p:t = p: . The last assumption does not much
alfect the qualitative behavior of p: but it is more sensitive
to the behavior of T,, near x =~ 1. The tensor analyzing power T,,
is independent of the absolute cross section.

Fig. 4(a,b,c> demonstrates T,, of the p+D » h+X process as a
function of the momentum r, . We calculated it using the RDWF [101]
with core C(curves 1,2,3> and the RDWFI8] without core {curves 4,5,6
for momenta of the incident proton g =89, 20., B00{GeVY-C) ,respec-
tively. It is seen from Fig. 4Ca,b,c> that the dependence of the T,
for momentum q is weak. For all reactions Lhere are regions where we
can see different behaviors of T,  depending on the RDWF structure
in the core region. These very regions are mare important for the
experimental investigation of the deuteren structure in the region
of the dynamic D-wave enhancement.
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5. ELASTIC o-D SCATTERING

Experimental data on the structurs function BCO® [4] and the
tansor analyzing power T,, £7.22,231 in elastic electron-deuteron
svatiering stimulates the cdevelopment of hoth the deuteron theary
1tself and reaction mechanisms Cmeson exchange current,etc)

Here the results of calculation of BCG®> and T,o.C02 in the frame-
wirk of the approach put forward in Refs.[8-101 on  Lhe basis of the
ROWF [10]) in the TA will be presented.

It is known Lhat the cross section for elastic e-D scattering for
anpolarized particles in one photon exchangs approximation is defined
v two structure functions A(Qz) and B{QZ}

- 2 >
KOD = 60" + FnGie® + o glae® B

BO™ = fn-clem -6 o, = Q% 4u )
They are expressed via the electric - G or MAgnetic - G and guadru-
pole - G, deuteron form-factors.
Ténaor analyzing power T,, ©f the elastic e-D scattering for ten-
so polarized deuteron was measured £7,22,231. Under this approxima-
tion T, is also expressed by electromagnetic deuteron form-factors.

8:-G:G, + 8-»- G 3+ {1+2C1+mtg®Ce- ). G
A + B-tg®ce-z
The calculated results of B(G®) and T,,4Q in the relativistic Ia
using the RDWF [10]1 are presented in Flg a,b>. We also investigate

the sensitivity of BCQ®> and T,,(0> to different electiric neutron

form-factor FB(Q >. The follnw parameterization is used to described
this form-factar:

Fi<Q™y = — Fren™s ke 11>

where 7t = Q°/4.nm°, P - a2 nurerical parameter. For another nucleon
form-factors dipole formulas and the scaling law are used.
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a> b

FigDb.Structure function BCO®> ¢a> and tensor analyzing power
T,,CQ (b> of the elastic e - D scattering for the RDWF [10]
in the IA for various devices of FL¢Q®>.

The data is taken from Ref.[4] (&> and Ref.[7,22,231 <(bd.

From Fig. & & we can see that the agreement of the calculated
curves with the experimental data for momentum transfer in the regi-
on 0% < 10 CGeV-ed® is good. For momentum transfer o> 10 (GaV-cr®
the theorstical curves lie lower than the experimental points. With
increasing parameter p both the shift of the second dip and the dec-
rease of the second mexdmum of BCQ®> to higher momentum transfer are
‘observed. The experimental data has a second dip at 0* =19 (GeV-cy”
and that lies on the right from the theoretical dips.

Fig. 5> shows the calculated results of T, (0> vs Q for the
different parameter p For @ < 48 ¢Fm '> the agreement with the
existing experiments for all curves is good. For the higher momen-
tum Q@ > 40 (Fm O a discrepancy between theoretical curves (p=0,1,003
becomes larger and they lie lower than the experimental points.

Thus the obtained results for B(Qz) and T, <> show that even dif-
ferent realistic parameterizations of electric neutron form-factor
in the region Q > 40 (Fm *> does not allow us to described both cha-
racteristics simultaneously. However good qualitative agreement
with experimental data is found.
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&. CONCLUSION

The presented results on characteristic of processes involving the
relativistic deuteron and their comparison with existing experimen-
tal data as well as predictions for some processes indicate thal the
research of gualitative sffects predicted by the deuteron theory is
of importance. In our opinion such effects may De at most manifested
in the region of the dynamic D-wave enhancement.. Therefore the calcu-
lations with different RDWFs which are distinguished by the deuteran
structure in the core Fegion are of greal interest. They will allow
us Lo understand more exactly the role of different mechaniems in

the description of these processes as well as a test of developed
relativistic approaches.
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RETALTVISTIC MODELS AND DEUTERON

V.E.Troitsky, R.P.Yudin

Ruclear Physics Institute,
Moscow State University,
Moscow 119 899, Russia

1. We shall discuss the problem of relativistic composite systems.
The relativistic aspects of composite systems are of principal impor-
tancein both cases - when the momentum distribution of the constitu-
ents is analyzed in the rest frame in the range of relativistic values
of momentum and in the frame of rsference where the composite partide
is moving fastly.

The problem of the description of relativistic composite systems
became even more important in connection with the developement of
guark physicé14hen the relativistic features of the quarks are of
great importance and, at the same time, the guark wave function can-
not be obtained because to-day it is impossible to take into zccount
the nonperturbative effeects. The arising problems can be illustrated
by the importance of analyzing the hadrons structure in the reference
frame where the hadron momentum is infinitég{unnatural from the point
of view of common sence). In this connection the well~known ancient
Dirac paper/B/attracts the attention once agazin. In the pape
different dynamics were considered - the different methods of descrip-
tion of the physical system evolution; shortly, after there was estab—
lished that the standard field theory in the reference frame with
infinite momentum and the theory with field quantization om the light
front hyperplane

t+x" -0
are equivalent.

During the last decade the importance of having the well develo=
ped methods of description of relativistie composite systems hag in=-
creased. The cause is twofold. First, now one can investigate the re-

96



lativistic part of the nucleons momenta distribution in a nuclei, e€.g.s
can measure the deuteron form factors at large Q2 /5/@Q2= - q2, qis
the momentum transfer from the slectron to the deuteron). Second, the
number of experimental data on nuclear reactions caused by relativis-
tic deuterons and d.—particles/G/ are accumulated and are waiting for
correct analysis.

In the relativistic theory of composite systems one can recognize
two main different approaches. The first one is based on the summation
of a classg of perturbation theory diagrams and the solution of the
equations of Bethe-Salpeter type and different dispersion approacheé?/
The other method is of phenomenological kind and is based on the imme-
diate realization of the Poincaré group (P&) algebra or, in other
words, the relativistic invariance coandition in the few particles
Hilbert space. This second method is usuzally named the direct inter-
actions theory or relativistic quantum mechanics. Because of the phe-
nomenological character of this approach one is not guided by the
fundamental quantum field theory (standard model). +his causes auto-
matically the number of principal ambiguities to be resolved only
through the comparison of model calculations with the data. To illus-
trate the problem one can consider the question whether the relati-
vistic nucleon system wave function depends on the total momentum or
not. We shall see later that both approaches are realized. In this
report we shall restrict ourselves by the two-particle relativistic
mechanics keeping in mind the relativistic deuteron. The report con-
tains, first, the general discussion of the problem of relativistic
invariant description of nucleon systems, of the methods of interac—
tion inclusion and, cosequently, of different dynamics. In this part
we use mainly the known results. The second part contains some origi-
nal results,

2., To construct the relstivistic model with a finite number of
degrees of freedom one usually acts as follows. First of all the basis
of free relativistic states for one, two,etc., particles is constructed.
Then the interaction is added in some way. Before using this standard
method we will try to include intuitively the interaction in the sys-
tem of relativistic particles utilising our non-relativistic quantum
mechanical experience.

As is well known, in the case of non-relativistic gquantum mecha-
nics the separation of variables takes place. In the case of two par-
ticles this means
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= =2 = g réd
Pamps @2 & . o ()
2m, 2m, 2(m1+ m> 2/“’ ’
where i _—
Ey)a_" = ) _E._.. mz&-m_, z : my m;
PeePe m, + i, N r,
The interaction is usually included by the following replacement
2 i i 1 3
4 K K K i
I . R —_— +
Zp 2m, 2y 2p v ’ (2)

- one adds the interaction to the particles kinetic energy in the
center-of-mass reference frame.

It seems obvious that this experience "for pedestrian® gives the
method for including the interaction in the case of relativistic

system:
xe

S e [ T . [
2 /{ M, + K T (A, + K R (3)
A
This method occurs to be correct as ve will see later. However +the
question arises (unimportant in the non-relativistic cuantum mechanicg

case) what form this interaction has in the other reference frame or,
in other words, how the Lorentz boost changes the interaction:

U [Tmf+R® + [mi <% + V) U™ ¢y - ;
. &)

2 =2
Mgt o+ 2
2
Here M2 (kd = [ mis K2 4+ m] is the sguare of
>

the mass operator; <, the momentum of the system after boost

/= A (4,0,0,0) < ([N +F F) (5)

and [ (A) is the unitary transformation of wave functions (state
vectors). tmne can see from eq.(4) that the common sense dees not work
while formulating the TLorentz invariant model, so that one needs the
tutorial help of the relativistic theory.

3. By convention a quantum theory is relativistic invariant (kKI)
if it is possible to costruct the unitary representation of PG from
the state vectors {Y¥»> /8/. Let us use for the elements of this re-
presentation the uswal notation (Q/") A ), where q/f = Gt x)D
is an arbitrary four-vector of space~time shift and A is general
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Lorentz transformation with det A = 1. Let us note by Ula,A) the uni-
tary operator corresponding to the PG element (4,A) in the state
vectors |¥ > space. Now the RI means that the transformation

(a, A

i (T = Ula, ) 1T> (6)

leaves the scalar products

(q) A) s ' +
L2 = <Y ¥ > = L5 (U@, DU @MY, >- 7

= <Y,_ [".{’1 >

unchanged. We can formulate the RI property in differential form. The
problem of the PG representation obtaining is equivalent to construc-
tion of its generators M/ , P/ in terms of the given quantum
system dynamical variables.
. /8/ rou ¢
It is well known that the generators F ,H are defined by
the equation

U(Sa, 1+50) = 4 ~ 7 W'Fw,, + i B/ 5a, (@)

and satisfy the system of 45 commutation relations:

{.M/ﬂi Er] s =% (g/lG'PV_ gvs'f/‘)) (9a)

(47 ] = =i (g - g W) - (s L

Here fw/ , Sa p are infinitesimal transformations (Lorentsz ones
and rotations) in the /«V plane and the space-time translation.

To comstruct a RI theory means to obtain the operators M /" ,
P/ (ten operators) which act in the state vector apace and obey
the commutation relations (9).

4. To advance in the construction of the two interacting partic-
les dynamics let us describe briefly the free particle states/g‘/. The
state vectors of the free structureless particles are transforming
according to the PG irreducible representations. T'he PG irreducible
representations are given by two invariants. Usually one chooses for
them the mass M and the Pauli-Lubanski vector square/ 10/ 2

B < pFh, sl =% H =k (10)

}
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W o= - ar € Mys Po 11)

( Eﬂyrf is the completely antisymmetric tensor in four dimensional
spacetime with 8,0125 = 1). the irreducible representation vectors
are labeled by four quentum numbers. Usually one chooses three pPTro-
jections of the momentum and the spin projection M on the quanti-
zation axis in the rest reference frame. Thus, for the free particle
state veectors ¥ > we have:

¥> = EF /H— - (12)
However given F and /‘L do not determine the state vector: one mugt
fix"the path" following which the momentum is obtained from its rest
reference frame value. Here we approach the problem of different
dynamics on the free particles level. We shall restrict ourselves by
two of them: instant form dynamics and light front dynamics. The gene-
ral discussion will be given in P+6. the so-called canonical basis
]F/’t > (the instant form dynamics) is obtained with the use of Lo-
Tentz transformation L5 ( p> without rotation:

IFr> = U (L'clcp) |o/4>; (13)

where
Letpyp/ = $/ < (M, 0,0,0) (12)

and U(L, (P)) is the PG unitary representation matrix defined before,
The canonical operator of spin is defined as follows
= —
Selpd = LopW,. (15)
T
where W is the space part of Pauli-Lubanski vector {(11). The cano-
nical spin operator acts on the state vectors in the standard way:

Iy Ph>. = = <u'lS = (16)
ox SedpHIp e = PSP,
</u’]s | /n> are the non-relativistic spin operator matrix ele—

ments. The important feature of canonical basis is the Wigner (spin)
‘rotation associated with the Lorentz transformation A acting on the
vector IF/'>¢ :

VA [Fpx = = Iap p'> D/:; (x). (17)
with %
Rw = L_: (FJ)A Lc (P) 5 P’ = AF '. (18)
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The explicit form of PG generators can be obtained if one considers the
infinitesimal transformations. One has:

R e g L e 3 i
A - Y 3F]‘* Ss GFY,

: (19}
9F  per

Fﬂ % H! . —?’2
; _— /A1-A3/ .

The light front basis lF/i‘;F is defined as follows.
Among the ILorentz transformations let us choose the subgroup A{
leaving the light front surface

t + a‘.s = 0 7 (20)
invariant. Let us introduce the single Iorentz boost L—; (P) belon-
ging to this subgroup such that

Ly pl = F/ = (1,0,0,0). )
Now the light front basis is given by
gF/“""r = U(L?(P)) IO/‘(>) (22)

The important feature of this basis is the absence of Wigner
rotation in the action of Lorentz transformation A* on lF}“ % 5

UAD) IBpoe = [Ap poe (e
This is the consequence of the fact that the elements L+(?) form a
group (contrary to the case of the elements Lg (p> ). Let us note
that the Wigner rotation, which is absent in the case of Lorentz
boost at the light fromt, “returns* when the usual rotations act on
the states I'P’ /l(')F :

5 iw .y s -
UR) Bpoe = = mpp%a,‘cmk Loy, =2

It is covenient to choose (as will be seen later) for the gene-
rators in the light front basis the following combinations of the
-

quantities { , P, 3 § ¥:
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3 s
J.v =k -E BE'F 3
(26)
2 L 2 s 9
E = E (ﬁf 625 U ) .'.,—E+ 5}@ 3y
1 3 ts < §
Fia = (4% -6%3%) =
E C ) [4 B3
O {fﬁr% PE2 -~ efF(Ms] + P 35)},
B
Br = (2 p%).
Here 6“ is the completely antisymmetric tensor in the 1,2 - space
(Em e 1). These two basesare connected in the obvious way
iF/“>c = U(L-CJCP)) IO/"{‘> = (27
-1 o~
T UL D U (L) IR poe - U+CRH)IF’/4>F)
where the rotation
Ry = LG Lt (28)

is called a Melosh rotation/w'/.
has the form

In the case of spin s=1/2 the matrix

: Ys tPotPy +iC- &
UCRa) = Dy (k) - (2pfer i e
i g (29)

\k”?* €1 +ps )+ [
€ = {mi+ F°

5. Now let us consider the structure of basis states of the sys-
tem containing +two free particles with spins 8; and $; . The
state vector iﬁﬂis‘?z/gis the direct product of the vectors IF"_ >, j"ﬁ,/q;;-;

iF’L/%;Fz/p: IFopa> ® IR o> (30)
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and is transformed in the following way

LN l-l 1)_-2 g =
Pe f ?)‘ (31)
= A 1 i o S‘ .
E IABps APy pl 7 CL)DM‘(R:),

where Rxlg are Wigner rotations for the particles 1 and 2 in the
case of Lorentz transformation A .

It seems obv:.ous that one can go from the states vectors le“i; F}”’
to the vectors 15‘ K/!l, .7 with total momentum C.T and the first particle
momentum K in their centre of inertia reference freme. These state
vectors iq,K}ﬁ/‘z7 have the property

15,8 pupe> = UWHED (F20,8 pupe, (32)

(33)
— 54 s
= Z g\ K’ : :.) - RW (2 .
Iag, K'pi p D/,f/i( )D/«x;',(R ),
where K = Rw_l—(’ and the Wigner rotation is
RY = LAY A L. (34)

The formal derlvatlon of (32,34) can be found in Ref. /45‘/ The
transformation low (34) for the vectors 19 K M /‘x) enables us to
obtain the corresponding PG generators

5 e B R,
F--i[Fzz] - T, (35)
2w B [T S@]
= i [-] 8&’ qo + M 3 (56)
where 9,=[MN*+G —"" 3 M is the mass operator and —§ (F)  is the

two-particle system spin. This operator acts only on the “internal®
variables K /l; /c, 3

@ <=L ]+ 8@, . o

103



Expanding “the function” Ii E,ﬂ, 2> 1in spherical harmonics ng Cé’)
it is easy to obtain the vectors Ié?) £SJ.4> with total momentum q
orbital angular momentum £ s Spin  $  and the total angular mo-
mentum J in the rest frame

I, €8T > < UL @) 150, e574> -

= Ipi Pepl > Yem W) (38)
S Sa I SHs><EmSHs [TM > 1);;’ CRT)D;:,/(’CR‘:)_

Consequently, the Clebsh-Gordan coefficients which one needs in the
calculation take the form:

CFpe FpelS €5 30> -

= N = Yoy () {Sl/‘ﬁ‘sz/l,ISM5><&‘HSH513«”>' L
S W Y W
. D/",/“ (RJ_) 1)/_,;/": CRZ_)_
Here ¢Sy My S: MelSMy>,  LEmSM 1T l> are the rotation
group Clebsh-Gordan coefficients, R - !_(/IT("I s & - the state

normalization coefficient. The Clebsh-Gordan coefficients for PG were
derived by Shirokov/ e/ .

Up to now we have been supposing tacitly that we are dealing
with the canonical basis states. It is easy to see, however, that the
main result (39) can be generalized directly for light -front basis
states. In fact, as can be seen from the definition {22) in the rest
reference frame the canonical basis states coincide with those of
light front, so that

1$=0, €53M>, = |T-0, 574 (40)

and then
CPu e F,/c, |T esaus, = FCEAA €S TY > -

Sider . o 8 . s .
= Z D/,,;/“ (Rulj )D;"'/,’ (Rm) &£ K/l,’/l,’ IfS JM> .
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aZ DM

#® -1 W sz * v
/M (R oD /.(/q (R”J')D/H"’(RL)D/q;’/uz'(Rz)-
RS T EsTH> =
(1)
;; CRY K3 )D D/‘/‘ % i o

<P p Fop 1T €5 IH %

= 2 D

Here we have used the unitarity of Lorentz transformation operators
VYA UMY =1 5 Ruys Reu. are Melosh rotations for the par-

w N . ‘
ticles with momenta K and —K . R_w‘ Rg, the Wigner rotations. In
the reference system with 15— o one has R‘i = Rys 3 ‘R‘: =Ru2
and

?

KFip FplFesaas, 37 (Foufop Fesaun ¢

6. Now let us discuss the important problem of the including of
the interaction between particles. In the relativistic quantum theory
the interaction including is a much more difficult problem than in
the non-relativistic case. To illustrate the problem let us consider
one of the commutators for the PG generators:

A A A
FES #°1 =i B (43)
A
If we inelude the interaction in H , that is if we change
A A ~
Re == B = Ho * V, (41

then one can see from (43) that the interaction is to be included in
BY or in # " or in both of them.

The seif consistent method of including the interaction in 45
commutation relations for PG is just the main problem in the construc-
tion of relativistic quantum theory. The first one who considered the
problem of interaction including in the PG algebra was Dirac/ﬁ/. Dirac
had connected the interaction inclusion with the type of dynamics,
that is with the method of the system evolution description.

The non-relativistic guantum theory dynamics can be cosidered
in the following way. The initial system state is given on the hyper-
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surface t = O of 4-dimensional space and the evolution is defined by
this hypersurface shift in the t-direction.(The Minkowsky space is
not adequate to non-relativistic theory but is important for what
followsg). The interaction (in the case of non-relativistic theory)
enters the energy operator which shifts the hypersurface. The momen-
tum and anpular momentum operators do not depend on the interaction.
These well-known properties of non~relativistic theory reflect the
following group theory features. Galilei group is the group of sym—
metry of relativistiq*ﬁheory. This group generators P (momentum), 3
(angular momentum), € (Galilei boost) leave the hypersurface t = 0O
unchanged; the generator ﬁ (energy) changes the surface position.
By generalizing this property of non-relativistic theory we obtain
the rule for including of the interaction in relativistic theory: the
interaction enters only the generators changing the position of the
hypersurface t+ = const. It is easy to see that the PG generators F«
3 leave the hypersurface unchanged while the generators j? and H
do change its position in the Minkowski space. Consequently, in the
case of instant form dynamics when one choosesfor evolution the hyper-
surface t = const., the cperators F (momentum) and 7 (angular
momentum) do not depend on the interaction whils & (Torentz boost)
and ﬁ (energy) do depend. Dirac gave to the operators depending on
the interaction the name of Hamiltonians. So the instant form of
dynamics(with the evolution of the hypersurface & = const.)} is cha-
racterized by six kinematical {interaction independent) operstors and
four Hamiltonians. In non~-relativistic physics there is only one pPOS~
8ibility: to choose the hypersurface t = const. as the hypersurface
of evolution. In the relativism the situation is changed badly and
one can choose for the surface of evolution any surface characterized
by one intersection with world lines in the inside of +the light cone.
It seems natural to choose such evolution surfaces for which the num-
ber of kinematic operators is to be maximal. Dirac has considered
(besides the hypersurface t = const.) two other surfaces: the light
Tront surface t + x5 = const., and

?

xt=a' >0 , L>o. (#5)
In these casegone is dealing with the light front dynamics and point
dynamics, respectively. In the case of the hypersurface of evolution
t + x7 = const. the operators (26) Pt §:, Et, J% ¥ are the
kinematie generators and P , Ft are the Hamiltonians. Note that
one cannot say that the dynamies of ligt. front with three Hamiltoni-
ans is simplier than the instant form dynamics with four Hamiltonians.
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Let us discuss briefly the problem of eguivalence of different
dynamics. Jaturally one should expect that the instant form dynamics
and light front dynamics are equivalent because the respective hyper«
surfaces of evolution can be obtained one from another by the Lorentz
transformation (more strictly speeking, the light front surface is
obtained as a result of limiting procedure ¥ —* 1 ). The equiva-
lence of the light front dynamics and the in?ﬁ?nt form one in the
in

form dynamics is more complicated because the hypersurface (45) ecan-

infinite moment reference frame was shown . The case of the point
not be obtained by Lorentz transformaticn of the hypersurface t =
const. However its equivalence to twe other forms can be est&blisheéq7/
if one takes into account the possibility of FG nonlinesr parametri-
zation.

© 7. Wow we have understood in what generators the interaction
enters but how does it enters is not clear. The first attempt %o
solve this problem has been made by Yu. H. Shirokov/qa/. He basel his
approach on the natural requiring that the interaction inclusion in
the generator ﬁ must leave the two-particle scattering amplitude
to be Lorentz invariant. Shirokov censidered the trensformation pro-
perties of the pair interaction matrix elements in Born approximation
and has obtained (up to the order (v/c)g) the dependence of interac-—
tion on the total two-particles moment §:ﬁ+ﬁ.TMnm¢ﬁﬂﬂ
part aV of the relativistic corrections to the interaction has the
form

v - - T Vo . (&9‘)(9‘ g-f) +(T<"9‘)(¢I«ﬁ>
4 - (m,a:ml)‘ 2(”’11 "'mzjz

("'1"”1)(?*?’)%’ Vae

gl (463
2 m, (nt,+m2>
—
L i L R Sy (g (2 g’*)v
R 2 e DETY P, 22
C2mm, LT g = oy [- my ma )
. P E _ - = "
where Vay is non-relativistic potential; K, K the relative

momenta. This Shirokov result is of fundamental importance. It shows
that method of interaction inecluding can bring us to. the two-particles
system dynamics depending essentially on the total momentum. In this
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case the inseparability of variables in relativistic quantum theory
manifests itself. In this situation the method developed by Karmanoéqg/
begins to work effectively. During the following few years it became
c¢lear that in the case of light front dynamics one can include the
interaction in such a way that the internal variables are separated
from the variables describing the composite system motion as a whé141?/
It became also clear/15'ﬂ7/ that in the frame of usual dynamics one

can separate the motion of the system as a whole from the internal
variables too. So there exists a more economical method of interaction
including than that discussed by Shirokov’ "%/, This is the method of
interaction including into the mass operator ﬁ_:

~

Be — H = H, « ¥, 7)
where

o -
.Ho = eq(K) + Eg (K),
o~
and the operator V satisfies the following commutation relations:

A\-—; A - B
[V,CT] = [v,8.1=1[V, '5—‘?.] =0; (48a)

(the instant form dynamics)

|
=]
-]
+
| )
"
| paen)
u< »
(a1

f 1= [8,01= (V] = [#30] -0 (48b)

{(the light front dynamics).
Taking into account eq.(48) it is easy to show that the substitu—
tion M, > MH.+V  in (19) and (%) left tge PG algebra unchanged.

8. Let us consider now the properties of the state vectors for
the two-particle system with the. interaction {48a,b). In the rest
reference frame the state vectors are to satisfy the equation

ﬁjw = AlY >, (#9)

where A is the mass of the system and the operator M Las the

form

+ = 2 2 =2 — o

M=Mo+Vo= M8 0 [m2eR2 + V (50)
Uther equations (equivalent to (49) ) are often used

Mr> = A0 s (51)
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Here the mass operafor square is

h o= A2+ U, (52)
vo- RP- 8 - T« iR, T
d (53)
{Mo, V) = NV « VI
and
(Kz+ﬁ)|&">=?[f>. s

The eigenvalue P is connected with the mass eigenvalue Dby the equ-

A% = 2? + mirm:o+2 ?(?+mfrn§)+ mE + M3 (55)

and the interaction W is given by

ation

s LAy (mEemD® L, (mE-mi)
= = M 56)
Vet e g Fuz .
The operators W and v are connected by the equation
« [mavsew o+ [mieRW -
V 3 ¥ fW 'z (563)

ynz+®* - [n2+%*-

While the egs. (#9), (51) contain the obviously relativistic forms
(the relativistic energies m*+ ¥* ), the relativistic equation
(54) has the form of non-relativistic Schrddinger equation. This
fact shows the possibility of phenomenological definition of relati
vistic potential from the scattering data and two-nucleon binding

energy:
m n,

W =2 Vae | (57

m; +m,

where Vn is a phenomenological nucleon-nucleon potential. In
general case there is a difficulty: P in (54) is not equal to the
deuteron binding energy multiplied by the reduced mass. However in
the small energy limit one has

b= Me *%a’"—'ﬂe, (58)
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How we can put any N-N-potential, Xnown from non-relativistic ph}fsics
(e.g., the raris one), into the relativistic equation (54). However
its “Paris" behaviocur in the range of relativistic ¥ values must
be considered specially.

Let us show now that the two-particle wave function does not
depend on the total momentum, Acting on the eq.(49) by the Torentz
boost A\ operator U(A) we obtain the equation

A — —
N1, % = § Fars, (59
Let us multiply this equation by the free particle state vector
I%?’ k€$3>» from the left. Then the eq.(59) takes the form
?

Mo () ¢, k €57 4 [T ¥>

+ <, KOS TY(VIT KOS Tl T k0T [T %5 (60)

K'e's!

< A< KESIH (T >

The function <$}Kf53$¢(!<ﬁ ¥>  differs from the sealar product

<3; KbsJu [F,v > by the presence of Y@f’~§') . Because

of the commutation relations (48) the interaction does not depend on
T » 80 that now we have from (60) ang (49):

<F, Kk EsTU T ¥ = klsIy > Yoy (x>, (6D

Here Yr7(k)  is the {3 ~component of the wave function at rest.
HNow it follows from (61) that

PAFpIF Y > = Z Fp B (T kTl > Yoy (x>, (62)

where <F4f‘1F¢}‘a | C}: ks Il > are the PG Clebsh-Gordan coefficients
discussed earlier.

Let us emphasize that the result (62) is valid for both of dyna~
mics under consideration (instant form and light front dynamies). The
only difference is in the specific PG Clebsh-Gordan coefficients to
be put in eq.(62) in these tvwo cases.

. 9. We have demonstrated how to construct the relativistic inva-
rlant model in the case of two particles having the following specific

features:
(1) Dynamics independence of the wave function om the system total
monentum. This fact is caused by the interaction including in
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the mass operator. The including of the interaction in the energy
operator in a way analogous to the non-relativistic case leads
(as was shown by Shirokov/qg/) to the dynamical dependence of

the wave functions on the total momentum.

(2) Unitary equivalence of different dynamics types, in particular
of light front and instent form dynamics.

(3) "Schrédinger equation" for the wave function in any of the equi~
valent forms of non-relativistic Schridinger equation type. This
enables one to use phenomenological potential (e.g.,Paris) in
relativistic case. lote, that the possibility of using the poten~
tial in the relativistic momenta range is to be investigated
specially.

As we have pointed out inm p.96 when constructing the two-particle
relativistic model we are not guided by the fundamental standard model
(because of the difficulties in taking into account of nonperturbative
effects). That is why the considered model presents only one of poOS~
sibilities and its validity must be checked by the comparison with
experimental deta.

During recent years a number of calculations were made pretending
the correct taking into account of the relativistic effects in pro-
cesses including the deuteron. We shall discuss here only the results
obtained on the base of the method described in this paper, that is
on the use of relativistic quantum mechanics. Let us consider some
aspects of these calculations. The deuteron form factors were inves-
tigated in great detail /2725, as is Inown, the deuteron form fac-—
tors are defined (up to kinematic factor) by the matrix elements
of the deuteron current operator j/%b). One of the parametrizations
(see,e.g.éze/) has the form

<F'm [T m > = - (19729, e
. { Gy (°X(37%) 3 5 5
+ Q’z (QZD[?/‘(FHL(}) % Eu/.(?q/)]

f?Q/Xi'*‘?') Y
bs (@ 243 d JL
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Here Q&%s are the deuteron form factors; '?ﬁ, : + the four-vec-
tors of the deuteron polarization, d/'= g/+ T, C}/‘ =g/ 9r, Mg,

the deuteron mass, QF = - %f i e, proton charge, o, deu-
teron spin projection. B, , 6qg , Gu - charge, quadru-—
Dole and magnetic dipole form factors and the standard structure
functions - A (@%), B (q*) - entering ed-scattering cross section,
can be found in 21,22 » The main difficulty is naturally the form of
the deuteron current operator JfTO). In the papers/ga’gq/using the
instant form dynamies two points were postulated from the very begin-
ning: first, the deuteron current is the sum of the one-particle
currents; second, in the one-particle current matrix elements one can
neglect off-mass-shell effects for the intermediate nucleons

<P I ONT > =

" R i

-{<F’1’/u:,3;"/«;1 W @IFppp> +

G RN T NP o] g | s

How the deuteron form factors depend on the one-particle matrix ele-
ments, that is on nucleon form factors and on the deuteron wave
function. In the mentioned papers the deuteron wave function was sup-
posed to be independent of the total deuteron momentum, This means
that in fact the calculation is made in the frame of the impulse
approximation for the potential relativistic model cosidered earlier
(not in the Karmano 19/ model,e.g., where the wave function depends
essentially on the total momentum). The results for the functions
A(R*) =nd B(Q*) rfor dipole parametrization of nucleon form fac—
tors and Paris deuteron function are given on fig.1,2. In fig.3 the
value(bﬁélg)-IDis shown; this value characterizes the relativistic
corrections for the function A(Q?). The papers’<1122:25/ follow the
light front% dynamics. In these papers the deuteron current matrix

element is written in the form (64) but all the functions of the ca-
nonical basis are changed for the light front wave functions. The

matrix elements of J7T current components are calculated too. Beca-
use of the fact that the wave functions in the case of different
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dynamics are connected by (27) we must expect that the resultsfga‘eu/
are to coincide with that of Ref./21’22‘25/. However the wvalues of
the functions A (§*)and B(@®) from different papers are slight-
1y different. Let us note two points. First, as can be seen from the
figures, the relativistic caleulations in the light front dynamics
usually give the decreased values of structure functions (this fact
takes place in the number of papers on field theory or quasipotential
approach) in contrast to the resul¥® based on instant form dyne-
mics. The results of Ref. 24/ are in better agreement with experiment
for A(QY). Segg%dacags meson 2xchenge currents must necessarily be
taken into account\as was established earlier. The results of Eufwith
meson exchange currents are in good agreement with experiment too.
One must not prescribe too much importance to the quantitative agree-
ment with the experiment because in the case of deuteron there are
too much problems which look very much like the problem of solving the
Gordian knot/27/. The main of them are - besides ie relativization -
the correct, account of meson currents(depending crucially on the
choice of parameter), nucleon form factors which are not well defined
and influence much the final rTesult and, finally, the problem of
choosing of nucleon-nucleon potential.

The important point of the cited papers on the deuteron form
factors is the supposed equality of the deuteron current to the sum
of the nucleon currents. It is not clear a priori in the frame of
what dynamics and to what extend the deuteron current does really
have such a property. From general poini of view here the light front
dynamics is more abtractive. Really, in the infinite momentum Trele-
rence frame, which is equivalent to the light front dynamics, the
impulse approximation is more justified, the antinucleons role is
suppressed and one can demonstrate some serious arguments supporting
the fact that in the case when the momentum transfers are not too
large the deuteron current b e component can be considered as a
sum of nucleons currents 3*-components. However, all these facts
are not crucial for the choosing of the light front dynamies, parti-
cularly if one keeps in mind the mentioned equivalence of the dyna-
mics. So the calculations based on the instant form dynamics seem to
be quite reasonable.

The relativistic form factors calculated in the frame of both
of mentioned relativistic models are in sgreement with the experi-
mental data. This ensures us in a certain way that some kind of re-
lativistic quantum mechanics is really valid with no dependence of
the two-particle wave function on the total momentum. The other sup-
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FIG.1. Deuteron structure function,A(Qg).

Dashed curve - the standard nonrelativistic approximation; dash~dotted
curve -~ the relativistic light-front dynamics 3 solid curve

the relativistic instant form dynamics /24/. Paris wave functions /20/
and dipole nucleon form factors -were used,
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FIG.2. Deuteron structure function B(Qz).
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Long-dashed curve — the standard nonrelativistic approximation; dash-
dotted curve — the relativistic light-front dynamics /27/; solid cur-
ve = Trelativistic instant form dynamics /24/ 3 dashed curve = the re—
lativistic instant form dynamics with the meson exchange currents {
Paris wave functions and dipole nucleon form factors were used.
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FIG.3. 7The relativistic effects in the deuteron structure

function A(QE).

Dashed curve - R(Q2) - 8(@%)/8, (9%) =1 in the light-front dyna-
mics /21/; s0lid curve - R(Qz) in the instant form dynamics /24/.
Faris wave functions and dipole nucleon form factors were used.

porting arguments are given by the well description =4 of the proton
momentunspectra in the reaction of fragmentation of relativistic
deuterons on hydrogen (FIG.4), This description was based essentially
on one of the equivalent models (48). The elastic electron-deuteron
scattering and deuteron fragmentation data show the validity of the
supposition that the nucleon degrees of freedom are dominant in deu=-
teron up to the range of Q.4 fm.
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FIG.4., The proton momentum spectrum in the deubteron fragmenta-
tion reaction at 9 GeV/c ; emitted angle of protons is 0.139 rad.
The curves present the result of calculation with the deuteron wave
functions for different NN potentials: 1 -~ Paris potential /20/;

2 ~ Reid soft core potential /29/; 3 = Bonn potential, the full

model /30/; 4 - Bonn potential, relativistic momentum space.
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DEUTERON FRAGMENTATION - THE ROLE OF THE TARGET NUCLEUS AND

OF PARTICLE PRODUCTION PROCESSES

H. Miller
Zentralinstitut fiir Kernforschung Rossendorf, Postfach 19

0-8051 Rossendorf/Dresden Federal Republic of Germanvy

The deuteron as the lightest nucleus is of particular importance for
the understanding of nuclear phenomena. Proton spectra arising from
the fragmentation of deuterons were measured [1-6] and interpreted
{7-15] mainly with the aim of investigating the deuteron wave function
(DWF) at small distances.

In the following the modified phase space (MOPS) model [15] will
be used to analyze the protbn spectra from the interaction of 9 GeV/c
deuterons with hydrogen, deuterium and carbon. It will be shown that
particle production processes and the properties of the target nucleus
must be taken into account for an accurate description of the deuteron
break up.

. A nucleus-nucleus reaction is considered as a superposition of
nucleon-nucleon {NN) collisions. Using the well-known
spectator-participant picture the events are classified by the number
of projectile nucleons k and target nucleons 1 involved in the
reaction, and the corresponding cross sections g, are calculated [16]
in the Glauber approximation. The interaction of k projectile with 1
target nucleons is described by a two-step picture, where the two
participating nucleon groups are treated as single entities called
clusters. In the first step translational energy 1is converted into
internal excitation energy of the clusters. An excited cluster is
pictured as consisting of the valence quarks of the initial nucleons
and additional quark-antiquark pairs created during the collision. In
the second stage of the reaction the available quarks recombine into
baryons and mesons according to the rules of quark statistics [17]
popqlatinq in this way the channels €. (uk,al) defined by the
numbers n. n and types of particles in the final states of the two
decaying nucleon groups. By introducing the relative probability
db&l(s,ukl) of populating the channel @, the differential cross

section is calculated as an incoherent sum
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A
do(s) = Y

B
¥ %o T aw,, (sia, ) (1)
k 1=1 k1l

1

with the mass numbers A and B of the interacting nuclei. Here, s
denotes the square of the centre of mass (c.m.) energy of the
projectile-target interactiomn. The cross sections i depend on the
nucleon densities of the interacting nuclei, while the gquantities
dW“(s;cx“) reflect the collision dynamics and determine the relative
pbrobabilities of the various channels and the distribution of the
final particles in the phase space.

For calculating the o, @ slightly modified version of the
Monte-Carlo code DIAGEN {[16] is used. In order to evaluate the
relative probabilities the interacting nuclei are assumed to
dissociate into spectators and participants with their relative
momenta described by the internal Fermi-motion of the nucleons. For
the deuteron the momentum distribution is described by the square of
the Paris DWF [18]. In the case of the carbon target the momentum
distribution of a cluster consisting of k nucleons is taken as a
Gaussian with the width s, defined by

k (a - kg
s: D 0 p: < (2}
5 (4 -1)
Here, A = 12 denotes the mass number, and for the Fermi-momentum a

value of P, = 230 MeV/c is used.

The probability of populating a definite channel a is given by
the Lorentz-invariant phase space factor times the square of a
phenomenological matrix element. This matrix element is split into
factors describing the deflection, excitation and statistical
properties of the clusters. For a more detailed discussion of the MOPS
model we refer to [15].

In Figs.1l-6 MOPS model calculations are compared with
inclusive proton spectra measured at 0° and 80. The 0° spectrum from
dp interactions (Fig. 1) is dominated by participants from quasi-free
inelastic r11%" collisions at momenta below 3.5 GeV/c and by
spectators at higher momenta. Thus, the 0° spectrum reflects the
behaviour of the deuteron single-nucleon momentum distribution for
spectator momenta far enough from the kinematical 1limit. Near the
limit the phase-space factor sharply decreases and determines the
momentum dependence of the Cross section. The maximal sgectatof

momentum is related to the minimal c.m. energy of the NN subprocess,
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which is given by the sum of the rest masses in the final state of the
NN_interaction. The onset of "phase-space dominance™ occurs for each
channel at different spectator momenta, depending on the masses of the
particles produced, and the spectator reaches the largest momentum in
the quasi-elastic w}]* channel. Thus, the calculated cross section is
a superposition of functiomns, whose momentum dependences differ from
channel to channel. As can be seen from Fig.l, the different momentum
dependences of the quasi-elastic "ii" and quasi-free inelastic nyy e

coptributions reproduce the shoulder in the spectrum around 6 GeV/c.

Fig. 1.

E Invariant cross section versus labora-
%1W— tory momentum. The partial spectra are
E labelled by the numbers of projectile
% and target nucleons participating in
{mz the interaction. Quasi-free "11" Treac-
w

tions are divided into gquasi-elastic

»J1* and gquasi-free inelastic "11"

&

collisions. Contributions from partici-
pants and spectators are denoted by

the lettes p and s. The thick curve re-

presents the sum of the partial

Pias [Gevic ) spectra. Data from [3].

Tn the 8° spectrum (Fig. 2), the quasi-elastic peak around 4.3
GeV/c is followed by a region, in which the "21" interaction of the
deuteron as a single unit dominates, while at the highest momenta the
main contributions to the cross section arise again from the
spectators. This typical pattern is also observed, although with
modifications depending on the target mass number, in the more
complicated dd and dC interactions.

In Fig. 3 the calculated 00 proton spectrum from dd interactions
is shown. It is quite similar to the spectrum from dp reactions,
because the contributions of the additional "12" (the interaction of
one projectile nucleon with two target nucleons) and "22"  [(the
interaction of two projectileswith two target ‘nucleons) processes to
the 0° spectrum are negligible. As in the case of the dp reaction,
the low-momentum part of the spectrum is due to participants from
quasi-free inelastic “ll*p“ processes, while the peak and the
high-momentum region is governed by the spectators from gquasi-elastic
»11s" and gquasi-free inelastic "11*5" processes.

at 8° (Fig.4) the momentum region below 4 GeV/c arises again from
quasi-free inelastic “llm" reactions. The quasi-elastic peak around

4.3 GeV/c is much broader than in the case of dp interactions, because
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contributes to the broadening.
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Invariant cross section versus
laboratory momentum. Curves are
labelled as in Fig.l.
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Fig.5.
Invariant cross section versus
laboratory momentum. Curves are
labelled as in Fig.l. Data from
[11.

and the target

spectrum is clearly dominated by spectator contributions.

Especially interesting is the momentum region between the peak
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and the high-momentum tail, because around 6 GeV/c altogether five
partial spectra essentially contribute to the cross' section, namely
the participants and spectators from gquasi-elastic "I1" scattering,
the spectators from quasi-free inelastic "11*5" reactions as well as
the processes "21" and "22". The sum of the partial spectra reproduces
the data alsc in this part of the spectrum remarkably well.

The shape of the 0° spectrum from the dC reaction (Fig. 5) is
similar to that of the 0° spectra from dp and dd interactions,
although there are details worth discussing. With the exception of the
region below 4 GeV/c the cross section is again mainly due to the
spectétor contributions from quasi-free ™11" interactions and, this is
new compared to dp and dd interactions, also from the "12" process.
Around 6 GeV/c even the "22" interaction considerably contributes to
the cross section. This is exactly the region of the conspicious
shoulder in the spectrum, the origin of which was controversely
discussed in the literature [1,8,9,15]. Here we claimed that in the
case of the dp reaction the shoulder is caused by particle production

processes, which lead to different momentum dependences of the

spectator contributions from the quasi elastic "1ls" and the
quasi-free inelastic "11%sm contributions. For a carbon target
two further processes related to
the structure of the target become A
relevant. ‘These are the above %mz d+C— p+X
mentioned "12s" and waan 2 90 Gevic
contributions with spectrum shapes :’;}
different from each other and from «Elﬂ“
the "Tig*" and w11 %sn i .
contributions. Thus, the presence
of the target nucleus makes an 02 b
unambiguous explanation of the
shoulder more difficult. )

Also the shape of the 8° s i o i 0
spectrum (Fig.6) 1is similar to PieniGevic)
that of the 8° spectra from dp and Fig.6 -
dd interactions with the region Invariant cross section wversus
below 4 GeV/c dominated by the laboratory momentum. Curves are
quasi-free inelastic contribu- labelled as in Fig.l. Data from
tions. Compared to the dp and pp [6].

reactions, the quasi-elastic peak around 4.3 GeV/c is less pronounced.
This is caused by the increasing relative yields from all the other

processes with smooth momentum dependences in the peak region. The
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high-momentum part above the quasi-elastic peak is not dominated by a
single  process but rather by a superposition of contributions
romparable in magnitude.

As demonstrated in Fig.7, the applicability of the MOPS model is
not restricted to inclusive measurements. Also the exclusive
spectrum from the reaction dip,ppln .at 1 GeV is reproduced by the
calenlations. Tn this case particle production brocesses are excluded

and the spectrum is dominated by quasi-elastic scattering.

‘ﬂzr T T T T T =

pr+d=py{2035%)+p,-60.36% en |
16ev

Eigaidy

Cross section versus laboratory

3
T

momentum of the neutron. Curves
are lahelled as in Fig.1. Addi-

tionally, the-letters b and c

g

refer Lo the scattered beam par-

def Idpy ARy R, mbMav- . ¢.5r 2 )
T

ticle andd a particle arising
from cluster decay, respecti-
vely. Data from [19].

g

108!
Cll]

0z 04 6

0.
P GeVic)

The application of the model to dp, dd, and dC interactions shows
that the overall features of inclusive and exclusive spectra are
sati:fanforily described by using conventional wave functions and
taking particle production processes into account. With increasing
target mass the properties of the target nuéleus become more and more
important for the correct description of the spectra, That means that,
compared to deuteron-nucleus reactions, the investigation of dp
interactions is the more convenient tool for extracting information on
the DWF.
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ANALYSIS OF SPECTRA OF PROTONS EMITTED WITH TARGE TRANSVERSE
MOMENTA IN FRACMENTATION OF 9 GeV/c DEUTERONS ON PROTONS

L.S.Azhgirey, M.A.Ignatenko, 5.V.Razin, G.D.Stoletov,
*
I.K.VzZorov and N.P.Yudin )

Joint Institute for Nuclear Research, Dubna

*
) Moscow State University, Moscow

To cbtain the information on the high-momentum components of the
deuteron wave function, we made measurements of the momentum spectra
of protons emitted at angles of 103, 139 and 157 mrad in fragmentation
of 9 GeV/c—deﬁterons on hydrogen, deuterium and carbon nuclei. The
measurements were made in Dubna at the JINR synchrophasotron by using
a magnetic spectrometer. Experimental details and data analysis
procedures have been previously reported [1]. The momentum spectra of
protons produced by the deuteron fragmentation on the hydrogen nuclei
are shown in figs. 1 - 3.

The preotons detected at angles of 103, 139 and 157 mrad have the
transverce momenta in the intervals of 0.45 - 0.78 , 0.80 - 1,01 andg
0.66 - 1.12 ceV/c, respectively. Since the transverse momenta are
invariant under Torentz boosts along the bean direction, one can
expect that the spectra measured contain the information on the
deuteron wave function at distances characteristic of the transverse
momenta achieved, i.e. 0.2 - 0.4 fm.

The diagrams of the impulse approximation, which describe the
process of fragmentation of a deuteron on a nucleus, are displayed in
fig. 4. Here B is an incident deuteron, 2 is a target nuéleus, C is a
detected proton, h and A include undetected nucleons and, possibly,
pions; the letter labels also denote the correspending four-momenta of
particles taking part in the reaction. The diagram (a) describes the
direct fragmentation process (stripping), and the diagrams (k) and (c)
describe the hard scattering [2-4]. The stripping predominates in the

126



|| III!H]

mb/ (srGeV2/c3)

(E/p2)d%5 /dD dp,

p,GeV/c

Fig.l. Momentum spectrum of protons detected at an angle of 103 mrad

in the interactions of deuterons with the 'H nuclei. The curves
correspond to the calculation results with the following
deuteron structure functions: 1 - for the Paris potential, 2 -
for the Reid soft-core potential, 3 - for full model of the
Bonn potential, 4 - for the relativistic momentum space of the

Bonn potential.

region of very small angles of detection of fragmentation products,
while the hard scattering manifest itself as these angles increase.
For the channels with the identical final states (e.g., if 4 and h are
protons and g is neutron) the interference of both mechanisms is also

possible.
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Fig.2. Same as in fig. 1, but for an angle of 139 mrad

It is convenient to describe the fragmentation of relativistic
deuterons in the reference frame where the deuteron momentum is
infinite (IMF). In favour of this the following reasons can be given.
First, it is advisable to take account of the hadron structure and the
nuclear structure in the hadron processes in equal measure. In the
Cases when the effects of the nucleon and nuclear structures are over-
lapping such a description is necessary. Secondly, in IMF because of
the absence of Z-diagrams the effects of the structure of a relativis-
tic system are naturally described by means of a wave function having
a probabilistic meaning [5]. Thirdly, the ever increasing number of
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Fig.3. Same as in fig.

1, but for an angle of 157 mrad.

experiments with relativistic nuclear beams and the ambiguity of the

transformation of the parameters characterizing the structure of a

nucleus when going over from its rest frame to the laboratory one make

the analysis of experimental data in IMF very desirable.

As it was previously shown [2-4], in IMF the invariant cross

sections have the form

do

C
Cac

| vz, 1) |% 1(by,4)

2(2m)y

o(b,A — hg), (1)
yI(B,A4)
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bzij_lr bs[j

(o] 2 (b) P (c} h

Fig.4. Diagrams of the impulse approximation describing the fragmenta-
tion of deuterons on nuclei. The notations are explained in the
text

if the spectator particle is detected (the diagram (a) of fig. 4), and

do 1 P I(b,2) dyle CGdG
Co— = — J [ wiy,dlg)| (ba — cx), (2)
dc  (2m) yI(B,4) 2y(l1-y} dc¢

if the particle experienced the hard scattering is detected (the
diagrams (b) and (c) of fig. 4), Here I(b,4), I(B,A) are the invariant
fluxes of the colliding particles, and arguments of the wave function
W(y,lT) are the momentum fraction Yy of the fragment b in the nucleus
B given by

Y = (by + by)/(By + By), (3)
and the fragment transverse momentum lT.
Occasionally, in place of the wave function wfy,lT) the
structure function is introduced,
2
1 | W(Y.IT}[

By, 7 (7 e) (4)

202m)°  y(1-y)
that signifies the probability of finding a constituent of type b in
the nucleus B with a fractional momentum y and a transverse momentum
lT'

The form of a wave function W(y,lT) depends essentially on the
type of dynamics, i.e. on the way the 10 generators pH = ( PO, P ),
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#Y = (I, K ) of the Poincaré group are split into kinematical and

dynamical generators, or Hamiltonians ([6]. &An action of the
kinematical generators on state vectors does not depend on an
interaction, on the contrary, an action of Hamiltonians depends
essentially on an interaction.

In the most familiar time instant dynamics (usual dynamics) the
kinematical generators are the momentum operator P and the angular
momentum operator J, and Hamiltonians are the energy operator PU and
the Lorentz boost operator K. A special feature of the time instant
dynamics is the inseparability of the wvariables that characterize the
motion of a nucleus globally from the inner variables that describe
the motion of constituents. In consequence of this the transformation
of the wave function when going over from one reference frame to
another, e.g., from the nucleus rest frame to IMF, is nontrivial.
Therefore, it is advisable to construct the wave function ¢(y,1T) in
the time instant dynamics independently of their form in the deuteron
rest frame.

It was shown in ref. [7] that ¥(y,1l;) should in general depend
on six invariant functions (and on twoc functions defining $- and D-
waves in the nonrelativistic case). Such the rather complicated
parameterization of a wave function in ref. [7] is connected directly
with the fact that in the time instant dynamics the directicn of the
Lorentz boost in IMF has to be taken into account when the wave
function is transformed to IMF.

A considerably simpler form has a wave function in the light
front dynamics. Here the kinematical generators of the Poincaré group

are the following operators {or their combinations):

= =
P =P, +P, , P, , P, ,E_ =3 (K. +e.7), Ky, Ty . (5)
Accordingly, Hamiltonians are
P_=P,-Py,, F =K -¢g.J_. (5a)

Here r,s = 1,2 , €, is the antisymmetric tensor: €15 = €5, = 1. The
kinematical operators form the subgroup of the Poincaré group and

leave the hyperplane t - z = 0 invariant. A remarkable feature of this
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dynamics for the composite system with a finite number of constituents
is that the variables £, kT describing the inner motion uncoupled
from the motion of the system as a whole. In the nonrelativistic

usual non-relativistic potentials, assuming that these potentials alsco
correspond to the reality in the region of relativistic momenta.

Within the framework of the light front dynamics [8-11] there is
the following relationship between the structure functicn Gb/B(y,lT)
and the wave function ¢({k) of the deuteron in its rest frame:

Chyp¥elp) = kylo(k) [%/12y(1-y)] , (6)

where

_ 2 2 s -
ko = {(m” + IT )/ [4¥(1 ¥y, kT lT’ K m + k°,

and m is the nucleon mass.

Cross sections are expected to be of the form similar to that for
spinless particles. The more detailed account of particle spins shows
[12-14] that the structure function in a first approximation can be
written in the form

€r.lp) = 65(y,1p) + 6(y,1,) (7)

where GS,D are the "partial" structure functions connected with the
wave functions of $- angd D-states of deuteron by eq. (4).

The mechanism bresented in fig. 4 implies a possibility of the
interference of the channels with +the identical final states. This
possibility is Trealized if at the low vertex of diagrams (2}, (b) and
(c} elastic np, charge exchange np and elastic Pp scatterings take
place, respectively. For example, for the diagrams (a) and (b} the
interference term reads
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where yi'llT and y’z,l2T are the above defined variables y,lT relating

to the diagrams (a) and (b), and ’

& = pz[ Ky ky /g 1Kyl } , (9

P, is the Legendre polynomial , t' is the squared four-momentum
transferred in the low vertexes of these diagrams. gimilar formulae
also take place for the interference terms of the diagrams (a) and
(cy, (b) and (c).

In the process of relativistic deuteron fragmentation under
consideration, independently of the form of the dynamics used, off-
nmss—sheil effects take place. In IMF and in the case of the time
instant dynamics these effects manifest themselves as the necessity of
introducing “spurions“. {71, =and, in consequence, of intreducing
vertexes to describe their production and absorption. In the 1light
front dynamics the off-mass-shell effects have to manifest themselves
in such a manner that the operator FP_ for a virtual particle should
differ from the "physical™ one describing a free particle.

To take the off-shell nature of the particle b into account the
analytic continuations of do(s’,t’)/dt’ parameterizations to values
s’, t* defined at 12 = m2 have been used in our calculations.

The contributions of processes pp — PP, hp — P, Np — ph,
Np — pNm (up to values of the invariant mass of the Nm system of 1.5
GeV/cz] in the low vertex of the hard scattering diagram have been
taken into account when calculating the differential cross section of
the reaction lH(d,p)X. The parameterizations of the differential cross
sections for the above processes are given in ref. [15].

A procedure of the evaluation of the contributions of diagrams
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with the excitation of the virtual pions [16-18] is described in
detail in rer. [19] .

The analysis of the experimental data on the reaction lH(d,p)X at
¢ GeV/c has been carried out within the framework of the light front
dynamics making use of the deuteron structure functions which
correspond to the Paris [20], Reid soft-core [21], and two versions of
Bonn [22] potentials of the NN interaction.

The contributions of various mechanisms at 157 mrad are shown in
fig. 5. They have been calculated with the deutercn structure function
for the Paris potential (the explicit form of a strﬁcture function
does not matter for a qualitative comparison of different contributi-
ons}., a comparison of these results with the cnes for 103 mrad,
where they behave qualitatively similarly, reduces to the following.
At first, the major contribution to the spectra is made by the elastic
rp scattering bProcess; for the Spectrum parts shown it amounts to
about 60%. The contributions of the inelastic scatterings concentrate
at smaller momenta, on the left of the spectrum maxima; and on the
whole they amount to approximately 20% and 30% for 103 and 157 mrad,
respectively. The contributions of the diagrams with the production of
the virtual pions are distributed more uniformly over spectra, and on
the whoile they amount +o roughly 15% and 5% for 103 and 157 mrad,
respectively. The remaining - 5% areas of the spectra are accounted
for by the stripping mechanism ana its interference with the elastic
and inelastic scatterings, the interference being about 15% of the
stripping.

A comparatively smail summed contribution of the stripping is due
to the emission of the protons at the angles considered requiring
large transverse momenta ( = 0.5 GeV/c). The Probability of finding
nucleons with such large momenta in the deuteron is small, and
decreases sharply as the momenta grow. Thus the spectrum maxima are
conditioned by the hard scattering mechanism. as the upper bounds of
the spectra are approached, the contributions of the stripping and
hard scattering mechanisms became comparable owing to a more steep
momentum dependence of the hard scattering mechanism.

Although the summed contribution of the spectator protons is
relatively small, its influence on the shape of the Spectra is quite
appreciable, because from the momenta close to 5,3 GeV/c it becomes
comparable with the elastic scattering contribution. The relative
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Fig.5.
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Contributions of various mechanisms to the invariant
differential cross section of the 1H(d’,p]X reaction at 9 GeV/c
and a detection angle of 157 mrad, calculated with the deuteron
structure function for the Paris potential. The curves
correspond to the following mechanisms: 1 - diagram (c) of fig.
4 with the elastic pp scattering at low vertex, 2 - stripping,
3 - diagram (c) of fig. 4 with inelastic interactions at low
vertex, 4 - interference of the amplitudes of diagfams of fig.
4, 5 - diagram with the excitation and absorption of a virtual
pion [19], 6 - diagram with the excitation and rescattering of
a virtual pion, 7 - sum of all the contributions.
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contribution of the spectator mechanism is more at the smaller angle.

The comparability of the contributions of both mechanisms in
certain parts of the spectra of protons emitted with large transverse
momenta provides an additional opportunity to explore the
short-distance behaviour of the deuteron wave function, since the
spectator contribution is directly proportional to the deuteron
single-nucleon momentum density.

The calculated momentum spectra of protons emitted at 103, 139,
and 157 mrad in the reaction lH(d,p)X at 9 GeV/c are compared with the
experimental data in figs. 1 - 3. The calculations have been carried
out, taking account of all the above mechanisms - the elastic and
inelastic interactions of deuteron nucleons with the target proton,
the stripping, the interference effects, the production of the virtual
pions - for the deuteron structure functions corresponding to the
Paris [20] (curves 1 in figs. 1 - 3), Reid soft-core [21] (curves 2),
and Bonn [22] potentials. In the last case we have used both the wave
function of the full medel (table 11 of ref. {22], the results are
shown with curves 3 in figs. 1 - 3) and the wave function of the
relativistic momentum space (table 13 of ref. [22], curves 4),

First of all it should be noted that the spectra of protons
emitted with large transverse momenta have proved to be rather
sensitive to the high-momentum behaviour of the deuteron wave
function: We conceive that the information which can be extracted from
the deuteron-nucleus collisions in combination with the results of
probing deuterons by electrons allows a more complete picture of the
deuteron structure to be obtained.

In the present analysis, to our mind, all the most significant
mechanisms of the 1H(d,p)x reaction have been taken into account. The
results of calculations with the different deuteron wave functions
coincide practically in the region of the proton spectrum maxima, and
differ appreciably in the high-momentum parts of these spectra where
the short range behavior of the wave function is important. In this
region, however, the deuteron wave function is the least explored, and
its application for describing the deuteron structure, as a matter-of
fact, seems to be problematic. Our data speak in favour of the wave
function of the Paris potential. If this result is no mere chance it
can be regarded as a suggestion that nucleons in deuteron appear to
keep their individuality up to relative momenta - 1 GeV/c.
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STUDY OF THE DEUTERON STRUCTURE AT SMALL DISTANCES
BY FRAGMENTATION OF UNPOLARIZED AND POLARIZED

DEUTERONS
B.Kuehn
Joint Institute for Nuclear Research
Laboratory of High Energies, Dubna 141980
1. Introduction

In this talk we deal with the question what information
on the deuteron structure can be obtained by the study of the
fragmentation of unpolarized and polarized deuterons at rela-
tivistic energies, Special attention will be paid to the struc-
ture at small distances or at large internal momenta. This is
the region, where the nucleons overlapp and where we can hope
that quark degrees of freedom wWill reveal themselves. At the
energies of the Dubna Synchrophasotron we are able to reach in-
ternal momenta of k = 0.8§ GeV/c measured in light cone vari-
ables.

A typical fragmentation experiment is the measurement of
the spectrum of spectator protons emitted at angles near zero
degrees. If one assumes that the impuls approximation is valid
the measured spectrum directly can be related to the momentum
distribution inside the deuteron, i.e. to the deuteron wave
function in momentun representation. If the incoming deuterons
are unpolarized the result of such an experiment is the probabi-
lity density.}’sz) = v2Z(k) + wsz), that means the sum of the
S- and D-state densities. The measurement of polarization obser-
vables allows one to obtain the D/S-state ratioc at amy inter-
nal momentum. In this way the existing uncertainties concerning
the D-state comtribution at distances smaller than 1.5 fm and
especially inside the core can be overcome (see for instance
Fig.1 ). Moreover it should be possible to achieve concrete
information on the spin structure in the region of overlapping
bags or in other words of the assumed 6-quark state.
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Fig.1. Uncertainties in the deuteron wave function

connected with the choice of different poten-
tial models. Figure is taken from /1/.

In this talk the results of the fragmentation measurements
with unpolarized deuterons will be shortly quoted. Then it will
be shown how the tensot‘analysing power T,n and the polatization
transfer coefficient & are related to the deuteron wave fun-
ction and especially to its S- and D-state contribution. After
the description of the experimental metheds the results of the
T,y and measurements will be shown and described. The crucial
question of this investigations is, whether the impulseapproxi-
mation without Testrictions can be applied to the fragmentation
process. Therefore it is necessary to discuss the role of diffe-
rent reaction mechanisms. From this it follows that additional
experiments are to be performed, which exclude mechanisms beside
the quasielastic scattering or at least determine their contri-
bution. Proposals for such experiments will be presented.

This talk intends to give a review of the work which was
done in this field at Dubna. The following contributions will
present and discuss the different experiments and theoretical
investigations in more detail.
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74 Fragmentation of Unpolarized Deuterons

spectrometers ALPHA and MASPIC 12,3/ at the Dubna Synchropha-
sotron. The angles were 0° and 8° respectively. The incident
deuteron momentum was 9 GeV/c. Both groups succeeded to measure
the spectra almost up to the kinematic limit at kK = 0.88 GeV/c
(Fig. 8a). The most interesting feature of these spectra is the
cnhancement of the Cross section in the region 0.3<k<0.§ GeV/c
in comparison to the predictions from the conventional phenome-
nological potentials. This enhancement was interpreted as 1
peculiarity of the deuteron wave function caused may be by a
6-quark state /4/. But nowadays it seems more likely to be a

from the quasifree sctattering which are not described by the
impulse approximation, This problem will be discussed later in
this talk. '

B Fragmentation of Polarized Deuterons

For a more detailed analysis of the reaction mechanism and
for more complete information on the wave function polarization
experiments are suitable. At the Dubna Synchrophasotron such ex-
periments are possible using the tensor and vector polarized deu-
teron beams with momenta up to 9 GeV/c.

The polarization observables, which could be measured up to
now, are the tensor analysing power T20 and the polarization
transfer 3 from vector polarized deuterons to the spectator
Protons. Both quantities were Measured as a function of in-
ternal momentum k. Formulae for these observables were derived
by several authors in different approachesls/. The author of
the present review tried to make the connection between the
wave function and the polarization effects as anschaulich as
possible.
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3.1. The Deuteron Wave Function and the Deformation of the
Deuteron

The observed polarization effects are caused by the split-
ting of the wave function into the different magnetic substates
of the deuteron. The following functions of the magnetic substates
with M; = +1 and MJ = 0 (J spin of the deuteron) were derived
from the Schroedinger equation with a potential including tensor

forces (see for instance /6/).

wd@ul: = q?s *: én (n

. 4 -

Mt g = ¥R Yo Si= ZRE, -
. £1 *

¢, = wolfgYIET-FVISHEESY] @

My= 0 d)s = i(rﬁ Y2€?=YE‘%1§: (4)

1}

-1 (R J 1<o-1

$, !;I[‘ﬁyz 1 —\[%Yz 5 —1/;%'\/2@4](5)
Here v(r) and w(r) are the radial wave functions for the S- and
D—state\respectively, determined by the NN-potential for which
the Schroedinger equation is sclved. The Y?L are the spherical
harmonics and the §§ gs the spin functions of the two-nucleon
system in the triplet state with S=1 and Mg=%1,0. The numerical
factors are Clebsch-Gordon coefficients. The combination of the
spin and orbital momentum vectors for the different substates
are shown in Fig.2.

The probability density of the deuteron as function of

the internal coordinates r and @ (8 polarcoordinate measured

from the z-axis is defined by the product

&'lﬁf = ( &%: 4"%:}( 4% - dﬁJ‘

*
Due to the rTelation ﬁggsi &§25j = égj, following from the M
i\
definition of the spin functions beside the squares of the YL

(6)

only one interference term survives: the term with V(r)w(r)YzYz.
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Fig.2. Magnetic substates in the deuteron for
My = +1 and My = 0.

But this term is essential for the deformation of the deuterocn
and for the polarization effects. M ‘

Using the explicit expressions for the YLL[r,B) we obtain
the following probability densities for the pole (8 = 0) and
the equator (6 =X/2) of the deuteron:

HJ-T*T e=0 Y”E" = J:E‘fp_[\/%r] + W:(-rl (0 -+ O"'O,g) -l’ﬁ_‘va)w(f) (7)

Iy w2 2 - 4 .
6 =;‘z’- Ty = ?'1[ Ve + wiin (4125 *040.123‘)-{;vmwm .(8)

As wzcm1be assumed to be small in comparison to Vz it follows
from equations (7) and (8) that the density of the deuteron
in the considered state with MJ = +1 in the axial direction
is larger than in the equatorial. That means in this state the
deformation of the deuteron is prolate (Fig.3a).
For the other substate we obtain the following probability
densities:

1 2
My =0 8<0¢ t_&"}em[ VI + win (2+0) —2{anwx_] (9

1 =%f \fxlfz -L._[ u'(r) + hf(r)(O.‘Si—O) =h VF V(I'NNU"JJ, (TO}

T

Due to the same considerations as above, these formulae indicate
that in the state MJ = 0 the deuteron has an oblate shape (Fig.3b).
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Fig.3. Deformation of the deuteron in the magnetic substates
a) M =1 and b) M_ = 0.
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3.2. Deuteron Wave Function and Tensor Analysing Power

The tensor analysing power Ty of the fragmentation process

is defined by
Ta = ”ﬁLéé-’ : (11)
o

Here &f is the cross section for the tensor polarized deuteron,
for instance in the MJ = 0 state;and cj,,the cross section for
the unpolarized deuteron. Figure 4 demonstrates the situation.
The cross sections are given by the radial demsity distributions
for the -two polarization states. (50 is proportional to the
average of the probability density in the scattering plane
(8 = ®/2) for the three possible orientations of the deuteron
spin My = #1,0. This gives according tec the equations (8) and
(10) '

Fig.4. Fragmentation of unpolarized and tensor

polarized deuterons.
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(The contributions from MJ = +1 and -1 are equal. Therefore the
value from (8) has to he taken twice.)

G = :T-T,-"E?i'.[:""%" - w?n( 125 + 125+ 05} + viriwer) = —JJEU

4_‘;?* [ V’En + w'ir:] % (12)

For the cross section of the tensorpolarized deuteron (Mg = 0)
one has to take the expression (10). (10) and (12) inserted into
equation (11) give the formula for TZO

-t 208 vinan - wia
ng == YR (13)
V2 vin + wir
This equation can he expressed also in the form
r, - A 2% - * (14)
20~ 1 + xr

where x = w(r) / v(r) is the D- to S-state ratio, taken at the
radius r. By these means one obtains from the measurement of T

the D/S state ratio for each distance r. TZG reaches for some o
special x the following values:

node of w(r) x =10 T20 =0

nede of v(r) X =00 Toy = —1[{2‘

for x = ~f2- T20 = —{2— . {19)

The last value is the minimum which can be reached. Note, that
this minimum is not connected with a node but with a certain
w/v-ratio. This ratio can occur in the wave function derived

from any potential. Therefore the minimum value doesn't depend

on the potential model. But the radius, where it appears, depends
on the potential.

3.3. Deuteron Wave Function and the Polarization Transfer
Coefficient

The process of the fragmentation of dvector polarized deute-
Ton is sketched in Fig.5. The spins of the protons emerging from
this process are oriented according to their orientation inside
the deuteron (spectator mechanism assumed). The polarization of
them is

p;Lprnt = N 4 (16)



Fig.5. Fragmentation of a vectorpolarized deuteron

where N+(_] are the probabilities with which the protons of the
different orientations appear. These probabilities are propor-
tional to the weight of the substate with the given proton orien-
tation and to the probability of fragmentation of these substates
(according to their probability density in the scattering plane).
In the numerator of Piprot N_and N_ have to be taken with the
signs + or - according to the spins up and down in the given
substate. In the denominater we have to sum up all contributions
with positive sign.

We assume a beam with aligned deuterons, that means all
particles are oriented according to Mi= +1. For this case the
signs amd probabilities of the proton orientations are shown
in (17).
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Derivation of the polarization transfer coefficicat ¥,
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contrihution af the substates 1o the protan polari-

zation.

Using the spherical functions in their explicit form for
® =%/2 and taking into account the different signs of the con-

tributions we obtain similar as in the case of equ.(8}

145



N - N = L [ vi(r) - we(r) - — virw(r)]. (18)

477 r2 iz

The denominator in (16) is simply the probability density in the

scattering plane of the MJ = +1 state, already given in equ. (8).
Expressing pzprot by (18) and (8) we arrive at the formula

for the polarization transfer

VZ(T) = Wz(r) - 1/¥7 vw
vz(r) + sz(r) _— vw
4 fj

norm Pzprot

oL e A
z 7 i
(o r) + w'(r))[1 - —— T
21z

(19)
201

The transfer coefficient was denoted here as . 4 because it is

norm
zdeut”
zz= t1- The second version of (19) is
obtained from the first one by inserting equ.(13) into (19).

normalized to a beam with vector polarization p +1  and

with a tensor polarization P

If the beam has arbitrary contributions of vector and tensor
polarization another formula for ¥ must be devived:
2 2
» Prdeut V() - w () - 14Z vir)w(r) )

exp

Z z i ’
Cvole) + wo)) [ 1 - 3 Q20720 ] (z0)

Here pzdeut is the vector and ?20=1/§pzz the tensor polarization of the beam. :

gexp and xnorm are related by the equation
L, Zexn g 1/2 930 T
xnor = —yoaay ———L<¥20 "20 (z1)
m Pzdeut PR T
2{5 20

In the actual talk at the workshop ancther version of the
formula for X was presented. This version was based on the spe-
cial assumption of 9 20 = 0. In this case the second braket in
the denominator of (19) reduces to unity.

Equation (19) is that relation one wants to have for compa-
rison with theoretical models and equ. (20) -and (21} take into
account the real situation in experiment. In the report of C.F.Per-
drisat on the ¢ measurement at Saclay formula (19) was used/T/.
The discrepancy between the "Dubna" and the "Saclay" formulae has
drawn the attention of the author to the necessity to take into account the
tensor polarization of the beamf)lndeed, the fully aligned deute-

*) The author thankfully §ckn0wledgerdiscussion5 with C.F.Perdrisat
which helped to recognize these problems.
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M, - M M+ + M_ - 2?10
B, =g B Py § P g -
Mo+ M_ s M M, o+ M_ o+ M 2
with M_ = MO - 0. This is the most advantageous condition for
s /8/

measuring 2 . Earlier at Dubna and at Saclay it was assumed

that one should work with a pure vector polarized beam. In this case
pzz=ﬂ or M_+ M_—2M0=G. Is M_ =0 we have M_ = IM.
This inserted into (2ZZ) gives p, =2/3 as maximum value of p,.
And the beam contains a considerable population of the MJ =0
state. This must be taken into account in calculating the deno-
minator of equ.(16), as is demonstrated in Fig.6.

Fig. 6.Fragmentation cross secticon for deuterons
a) in pure M _=+1 state(aligned deuterons)
b) in mixed state My=+1’ MY:O according to

pzz=0 d

For the discussion we need only equ.(19). In terms of

x = w/v it reads

2
oorm : § 2 1/{5 = (23)
1+ 7 X - 1707 x
e‘norm reaches values for
node of w(r) x = 0 2= +1
node of v(r) X =00 X=-4/5. (243

For the sake of Anschaulichkeit the formulae for TZO and 2¢
were derived in configuration space. It can be shown that their
structures are not changed by the transition to momentum space.
That is quite naturally because these equations arose from the
contributions of the substates in the deuteron expressed by the
spherical harmonics and the Clebsch-Gordon coefficients. The

radial or momentum dependence of the wave function is not essen-
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ial in this context. The expressions for v and w of course

ti
change by the transitions. from one Presentation to the other.

At relativistic energies one has to prefer a Telativistic
presentation of the wave functiom. This can be done by the transi-
tion from the variable 4, the internal momentum in the deuteron
c.m. frame, to the variable k measured in the infinite momentum
frame, called the light cone variable (see for instance 19/ and
the contribution of V.A.Karmanov to this workshop). By this tran-
sition the formulae for T20 and 3¢ are also not changed.

4. Measurement of T20 and € in the Fragmentation of

Polarized Relativistic Deuterons
———=== 2F-at1VIStIC Deuterons

The experimental setups for these measurements are shown

in Fig.7 /]U/. The fragmentation of the incoming deuterons was

performed at the cross over F3 at the beam line VP1. The fragmen-

tation target consisted of carbon or polyethylen. As the cross

sections for increasing internal momenta are rapidly decreasing,

the thickness of the target had to be chosen up to 30 cm.

Reaml ine VP
L1 . QL Ao AN . QL IR By

—=a Hea=— == — ==
¥ n
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setup for T
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~et up for g
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" 15m
1

Fig.7. Set up for the measurement of Tyo and 2&.

IK  Tonisation chamber as BT Aendine magacts LT "Living” tareer
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F3... Cross overs Sn

Analysig magnets iplastic scintillater)
Scintillation counters 01 Scanriljatyon hodascone
T Fragmentation target TCn  Propertional chamhers fa  therenbor threshold

QL Quadrupele lemses counters
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The spectator protons emerging from the target at 0° were

guided by the beam line over about 60 m to the cross over F5.

The magnetic elements of the beam line were adjusted to the pro-
ton momentum to be measured.In the case of the TZU measurement
the protons were finally analysed by the spectrometer ALPHA. The
analysing power was obtained by changing the sign of the polari-
zation of the beam after each accelerator cycle. The tensor pola-
rization of the deuteron beam was characterized by the value

?EO + 950 = 0.95 + 0.08. Two Cherenkov threshold counters
suppressed the inelastically scattered deuterons with the same
momentum as the protons. The data obtained up to k = 0.875 GeV/c

Fig.8. Results of the fragmenta-
tion measurements:

a) Deuteron wave function extrac-

ted from the cross section mea-
surement for py= 9.1 GeV/c and 0°,
b) Tensor analysing power T,, from

c) Preliminary data.of two mea-
surements of the polarization
transfer coefficient aeexp at
Dubna and at Saclay 177,

Both data sets need to be norma-
lized to o€

norm”

are shown in Fig.8b together with
the theoretical prediction accor-
ding to the Paris wave function
Data measured at SATURNE up to
k = 0.64 GeV/c/12/ agree very

well with the Dubna results.
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There is even qualitatively no agreement with the simple
impulse approximation. The minimum at 0.3 GeV/c with T20 = -fET
and the zero crossing at about 0.45 GeV/c are not confirmed by the
experiment. This result will be discussed later in this talk and
in further contributions to this workshop/13/.

The experimental setup for the & -measurement is also shown
in Fig.7. The fragmentation target again was placed in F3. and the
protons tranported to F§ by the beam line VP1. The analysing magnet
AMZ of the spectrometer ALPHA was used to define the momentum of
the spectator protans. The polarization of the protons was analysed
by a second scattering in the living target LT. By the analysing
magnet AM3 the elastically scattered protons were selected. This
System accepted scattering events with transferred four momentum
around -t = 0.2 GeV , Where the analysing power of the proton-proton
scattering has its maximum. The assymmetry measurement was per-
formed by changing the sign of the vector polarization of the beam
after each cycle. The bean polarization in the two modes was
Pl = 0.4471 + 0.021, p . = +0.020 + 0.028 and p,= -0.307 £ 0.022,

pzz = +0.144 + p.028. Scattering events were triggered by the
living target and the scintillation counters behind the analysing
magnet AM3 and identified more accurately by the proportional
chambers PC3 to PC7. In the first run of the experiment (in 198%)
the measurement covered the region of internal momentum k wup to
0.32 GeV/c (Fig.8c).

In 1990 a second run was performed using the spectrometer
ANOMALON. The setup used in this run is shown in Fig.9.

AN

Fig.9. Scheme of the spectrometer ANOMALON used as
polarization analyser in the 2 measurements.

SP12A anzlyzer of proton momenta PC6-10 Proportional chamber identifrine the tracks
of scattered protons .
SP40 Analyzer of proton momenta of the second
scattering 3 Veto counter
$1,53 Scinrillation counters defining the beam ST ‘Trigper counter
PCI-5 Proportional chambers for bean tracking Hatched repion: region of acceptance of seattcring
LI, liquid hydrogen targer, 30 cm leag events

S0 Detector of recoil protens
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Here the momentum analysis of- the protons was performed by the
bending magnet SP12 at the end of the beam line VP1. The polari-
zation analyser in this case was a liquid hydrogen target. The
scattering events were triggered by means of the scintillation
counters S0 registering the recoil protons and by the scintil-
lation counters ST behind the spectrometer magnet SP40. The fi-
nal selection of the events was performed using the data from the
set of proportional chambers PC 1-10 (see Fig.9). The result of
this Tun is one point at %k = 0.425 GeV/c. Control measurements
at small %k have shown that the measurements with the two spectro-
meters are consistent each with the other.

In equations (14) and (23) T20 and a2¢ were expressed in
terms of x. Eliminating x out of these equations one obtaines

a relation between T20 and 'a‘norm
9
(Ton) = 1= = »
ornT20 575 o ek . o + 12 1202
4 2 T 1
. . T w2l
with TEIE "1 fg Ta0 =~ T28 (25)

This relation is shown in Fig.10. It has two solutions with oppo-
site signs. In the region of TZU covered by the data in the
whole region of internal momenta the values of a8 should be near
+#1 or ~-1. For the asymptotic experimental value T20 = -0.55
reached at large internal momenta 20 should be *0.873. From

the two values by means of equation (19) one obtains two possible
D/S-state ratios.

-+
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Fig.10.2¢__  as function of T,4-
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For the positive value follows w(k)/v(k) = -0.27. This result
looks plausible as one usually expects the D-state amplitude to be
smaller than the S-state one.

From the negative value wik)/v(k) = 13.¢0 is yielded, That means
the D-state amplitude becomes much larger than the S-state one.
The S-state dies out at large internal momenta. From equations (7)
and (8) it follows that the deuteron becomes oblate in the MJ= +1
state and from (9) and (10) that it becomes prolate for MJ =0,
the most probable substate will be in this case that with ML = +2
and MS = =iy

It arises the question, which of the two solutions is physi-
cal. At small internal momenta € should be near +1. If the S-wave
has a node, should become negative near it (see (24}, So a
transition from the region with a= +1 to the region with H=-1
becomes likely. The last point was measured just at the node of
the Paris wave function. ae decreaées here already to negative
values. The large value of x = 13.0 in the asymptotic region
would indicate, that the S-state is not continued through the
node to higher momenta. The transition to negative values would be

conclusive answer to these questions, In any way these considera-
tions show how the polarization exXperiments may help to explore
the innermoststructure of the deuteron.

Unfortunately the above derived rather clear conclusions
must be relativated, if other reaction mechanisms beside the quasi-
iree scattering are bplaying a significant Tole. This problem will
be discussed in the next section.

5. Is the Present Information on the Deuteron Wave Function Reliable?

Up to now we have assumed that the fragmentation pProcess is
pure quasielastic. In this case it can be described by the impuls
approximation which delivers directly the deuteron wave function.
This assumption seems to be supported by additional experimental
data.
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The characteristic deviation of the fragmentation cross
sections at 0.3 < k < 0.6 GeV/c from the Paris wave function
predictions does not depend on the angle and the incident ener-
gy. This follows from the comparison of the data measured at §°
by the MASPIC group (Fig.11)’/3/ and at ¢° by the ALPHA group /2/
at 9.1 GeV/c and from data obtained at 5.75 GeV/c and 3.49 Gev/c! /.

nd/(cp-I‘aBz/cS)

(E/p?1d%p /dNdp,

4 5 [ 7
p. TaB/c

Fig.11. Data of the deuteron fragmentation at 9.1 GeV/c
and 8° /3/-

The wave function was derived also from inelastic electron
scattering in inclusive and exclusive measurementslls/. It fully
agrees within the experimental errors with that from the fragmenta-
tion on protons or nuclei (Fig.12). This concerns especially the
enhancement bectween 0.3 < k < 0.6 GeV/c.
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Fig.12. Momentum distribution inside the deuteron derived
from deuteron fragmentation by protons 72/ and by

means of electrons/15{

The cross sections of the dp-elastic scattering in back-
ward direction (180°) predicted by the wave function obtained
from the fragmentation studies agree within the experimental
errors with the data (fig.13) /?6/. The same is true for T
data for this process,

20

The form of the fragmentation spectra measured at diffe-
rent target nuclei between hydrogen and copper is the same.

This follows from the Cross section ratios as function of the
internal momentum (Fig.14) /17/. That means the k dependence
of the cross sections is mainly a property of the deuteron.

Further more: in the fragmentation spectra of other light
nuclei as 3He and 4He similar enhancements at intermediate inter-
nal momenta in comparison to predictions from usual wave functi-
ons were observed (Fig.15) /18/.

It was argued, that this set of observations made for rather
different processes most naturally can be understood as gz conse-
quence of a special feature of the deuteron (SHe, 4He) structure.

On the other hand it cannot be ignored that certain contri-
butions to the reaction mechanism considerably may deform the
spectra of spectator particles. This was shown by different
authors in different approaches,

Mueller investigated the fragmentation process in terms of a
phidse space model in a statistical approach /;g/. Beside the
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quasielastic scattering (diagram

a) in Fig.16) the process of

particle production from highly excited nucleons or a collective-

1y excited deuteron was considered (diagram b’

Fig.13.

Fig.14.

in Fig.16).

10
Tm
0
w3 ®
-10 ,,:3’ ' (]
25— 5 -
T, Gev]

Comparison of the 180° differential cross sections
and T20

backward-scattering

as function of emergy for the dp elastic
£16/ 4ith calculation based on
the Paris-wave function (solid line) and the "wave
function™ following from the Dubna fragmentation

data V2 (full points)-
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Cross section ratio for the deuteron fragmentation
on different nuclei as indicated in the figure as

/177,

function of internal momentum
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Fig.15. Comparison of fragmentation cross section of deute-

ron (a) and 3

He (b) on carbon as function of inter-
nal momentum k. Solid lines: calculations with
Paris wave function (a) and with d-momentum distri-

butions in 3He /24A
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n. - g s

e

. 5, - e ~ne2
al b}
Fig.16.Diagrams for the deuteron fragmentation in a quasi-
free process (a) and in a quasifree inelastic process
(b} with highly excited nucleons.

-nucleon collisions and found in full agreement with the data. It
was also taken into account that the registered "spectator” parti-
cle also can be a "participant". This is especially important for
the fragmentation at larger angles (e.g. for the measurement at
the MASPIC spectrometer at 8°). Figure 17 shows the results of

this model in comparison with the data. In the calculations the
deuteron structure was taken into account in the usual form of the
Paris wave function. The dgreement with the data is almost perfect,
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Fig. 17. Comparison of the fragmentation cross section at

gelied /3/

with calculations on the basis
1/19/

and at 8°
of the phase space mode Curves for 1 quasi-
elastic, 2 quasifree inelastic, 3 cluster excitation
nrocess, a) contributions from spectator, b) from

participants. 4 sum of all contributions.

The second approach takes competing reaction mechanism in the
form of the diagrams shown in Fig.18 detailed into account. This
will be discussed extensively by the G.I.Lykasov later on this
meetingA/ZU/. The contributions of the quasifree scattering, the
rescattering and particle production via rescattering are shown
in Fig.19.

d % d == Bd © A
N
NE}( —L}x =X
a B

C

Fig.18. Diagrams of the fragmentation process taken into
account in refu/ZD/.
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Fig.19.

dP—=PX 8p=0°, By=9(Gevsc)
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055 06 065069 073 77 08 0Bz 085 086 X

Experimental data and calculations of Tyzg

Data: B 4 -Perdrisat et al./12/; % -pAbleev et al./10/;
Curves: 1 - spectator mechanism Fig.18a; 2 - diagrams
Fig.18a-c; 3 - calculation of Garsevanishvili V.R,/25/;

4 - deuteron wave function with complex 6g-contribution/20/;
5 - all diagrams Fig.18a-e/Z20/,

@ - internal momentum of the deuteron in its C.m.system;

X =~ contribution of the Spectator in the momentum of the
deuteron.

06 0;7 q{GeVc)

0104 023 037 056 G0B3 136 85 KiGev/c)
053" 062 088 075 083 091 009 X

Fig.20. Experimental data and calculation of the pola-

rization transfer ¢ .. Data: ® - Perdrisat C.
et al./7/; 4 - Ableev V.G. et al. this paper;
Curves: 1 - spectator mechanism; 2 - alil diagrams
Fig.T&a—e/ZO/.
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By means of this approach it was also possible to calculate the
4p @nd S€ (Fig.z0).
This theory succeeds to reproduce the data in the

polarization observables T

region of the minima in the curves for Ton and 3 . But it does
not describe the data at larger internal momenta behind the mini-
ma. These calculations are based on the Reid deuteron wave
function. '

The asymptotic behaviour of the cross sections and the
tensor analysing power at large internal momenta could be under-
stood by/;?i approach of A.Kobushkin presented in his talk in this

meeting . He assumed that large internal momenta are due to
an exchange of a hard gluon between two nucleons, each consisting
of three quarks, occuopying a colour octett state (state of hidden
colour (Fig.21}). The results of this calculation are shown in
Fig.22. If this is right, then this would be a first result con-

cerning quark-gluon degrees of freedom in the deuteron. Obviously

>~ > P

d—=

\;xerrV
(=]
)

._.'
—N —=%X
—

p W,

Fig.21. Production of a high momentum spectator proton

by exchange of a hard gluon between the nucleons
of the deuteron, forming a state of hidden

colour-

) - T
x = | a"C-pX
- 3 o 1
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Fig.22. Asymptotic value of the reduced wave function and
of TZG derived from the mechanism of hard gluon

exchange »

159



such effects reveal themselves only at very large internal mo-
menta corresponding to distances where the nucleons are strong-
ly overlapping.

6. Study of the Reaction Mechanism

The preceding section has demonstrated that there are stiil
alternative interpretations of the experiments possible and further
information 1is necessary to arrive at final conclusions comncer-
ning the deuteronm wave function. First of all the role of non-
quasielastic contributions to the reaction has to be studied.

This can be done either by exclusive experiments which alfow
to analyse the mechanism or by other experiments in such condi-
tions, which exclude nonquasifree processes.

The fragmentation of deuterons in 4% geometry was studied
in the Tm hydrogen bubble chamber of LHEIZZ[. In these experiments
the following contributions to the reaction mechanism were studied:
quasifree scattering, fragmentation with charge transfer, final
state interaction, excitation of isobars, pion production, etc.

In connection with the discusséd enhancement in the cross
sections it is interesting, that already almost 20 years ago such
an effect was found in the bubble chamber at the same internal
momentum. It was observed in the pure dp —> ppn reaction, integ-
rated éver all angles. It appears most strongly for the fragmen-
tation process with charge exchange (Fig.23).

L B
H
LI -]

b
% %.:._
3

Fig.23. Deuteron breakup in a quasifree (a) and a charge
exchange (b) process. (¢} - experimental distribu-
tions of the spectator nucleon momentum , dashed
histogram corresponds to mechanism a, full histo-
gram to b. The curve was calculated fro?zgﬁe

Gartenhaus-Moravcsik wave function



Another interesting effect seen in the bubble chamber also
should be mentioned very shortly. The chamber was irradiated with
vector polarized deuterons and the azimuthal distribution of the
recoil protons was measured. As it is presented in Fig. 24a it
shows the expected left-right assymmetry. On the other hand the corres-
ponding distribution of the recoil neutrons from the charge ex-
change process dramatically disagrees with the theoretical pre-
dictions (Fig.24b). This unexpected effect was not explained up
to now.

in one of the next ta1k5/23/ some aspects of the investiga-
tions by means of the bubble chamber will be presented in more
detail. Obviously the results of these experiments up to naw
were not sufficiently taken into account in the discussion of the
problems connected with the deuteron structure.

The existing two-arm spectrometers ALPHA, MASPIC and DISK
allow to perform exclusive experiments. The quasifree fragmenta-
tion of the deuteron has three particles in the final state.
Therefore the measurement of the momentum and the direction of
two particles allows to reconstruct the full kinematics of the
event. By this means at any case all inelastic processes (parti-
cle production) can be excluded. By proper choice of the kinema-
tic conditions distinct mechanisms can be either enhanced or sup-
pressed. Figure 25 shows the kinematical locus for a certain kine-
matic situation characterized by the momentum of the incoming
particle and the angles of the two detector systems.

[ BIUE
g
e
g
g
pa——

N8 31N gan

Fig.24. Azimuthal distributions of recoil protons from the
quasifree process {a) and of tecoil meutrons from
the charge exchange process (b) (see diagrams a and
b in Fig.23)
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Kinematics allows to assigne a certain internal momentum of the
deuteron to each point of the locus. This means that the measure-
ment of the differential cross sections along the kinematical lo-
cus already provide the information on the deuteron wave function
in a certain region. At the above-mentioned two arm spectrometers
of the Laboratory of High Energies it is possible to perform such
éxperiments with unpolartized and polarized deuterons as incoming
particles. Using tensorpolarized deuterons one at once obtains the
tensor analysing power along the kinematic locus. Furthermore it
will be possible to perform these experiments with a polarized
pProton target. Such experiments are under preparation at LHE.
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Another way to exclude disturbing reaction mechanisms is the
following. At the kinematic limit of the spectator spectrum, i.e.,
at the largest internal momenta which can be reached with certain
input momentum only the quasifree scattering survives. All other
mechanisms die out, because under these conditions no momentum
is 1eft over to be shared in another way between the particles
in the final state. Unfortunately the measurement at the kine-
matic limit is difficult because of the very small cross sectioms
and the large background of inelastical scattered deuterons. There-
fore a very effective particle identificatien iIs necessary. The
internal momentum reached at the kinematic limit can be varied
by the choice of the bombarding momentum.

By means of these methods it seems to be possible to over-
come the uncertainties concerning the reaction mechanism. Then
it will be possible to establish the wave function and the spin
structure up to the region of overlapping nucleons and to draw
conclusions on the structure and dynamics of the 6q state.

6. Conclusions

From the present status of experimental information pro-
vided by the investigation of the fragmentation of unpolarized
and polarized deuterons on hadronic targetsone can draw the
following conclusions:

-  thecross sections and the polarization observables TZO and
2¢ of the deuteron fragmentation deviate considerably from
predictions based on conventional wave functioms, if the
validity of the impulse approximation is assumed;

- cross sections and polarization observables in part can be
described by usual wave functions taking into account addi-
tional contributions to the reaction mechanism beside the
quasifree scattering;

- the asymptotic behaviour of the cross sections and Typ can
be understood in terms of quark degrees of freedom;

= quark effects reveal themselves, if at all, only at the lar-
gest internal momenta reached up to now;

= exclusive fragmentation measurements with unpolarized and
polarized deuterons are necessary to clarify the role of dif-

ferent reaction mechanisms;
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- TZO and 2¢ measurements at the largest internal mementa
will provide reliable information on the spin structure
of 6q states;

the question of quark degrees of freedom remains a chal-
lenge for further experimental and theoretical research.
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NONNUCLEON EFFECTS IN COLLISIONS OF RELATIVISTiG

NUCLEI WITH PROTONS
Bubna-—Kosice—Hoscow—strasbourg—Tbilisi—War‘saw Gollaboration

Presented by Victor Glagolev '
Joint Institute for Nuclear Research, Dubna

Until recently there have been explanations of results
on hadron-nucleus and nucleus-nucleus interactions which use
the representation of the nucleus as the sum of nucleons.
For example, the cascade models and some of their modifications
describe many results qualitatively. It is important to take
into consideration secondary effects with the excitation of
nonnucleon ({mesons, quark) degress of freedom for improving
the description. We have made an investigation of the intera-
ctions of the lightest ( %H,%Me) nuclei with protons /137
(pd: 3.35 Gev/e, D= 8.6 Gev(c) in order +to study such a
kind of effects. The hydrogen bubble chamber was used as a
target and as a detector at the same time.

The used methodics made it prossible  to distinguish cep
tain reactions and 1o -separate the reactions without pions
from those with piona. )

Figure 1 demonstrates the invariant differential cross
section for oprotons flying backward ( cos0 [-1, -0.66])
from the dp — pX reaction. A shoulder above 0.2 Gev/c is
clearly seen. The distribution does not show such an effect
for the reactions with pions. 1t falls down smoothiy.

The ratio of the differential cross sections .of inclu—
sive protons and protons from the reaction dp -» ppn ( see
Fig.2) v approaches one in the region above 0.2 Gev/c.
Therefore, the effects in this region are conditioned by the
only reaction without pions in inelastic dp interactions.

At the same time the emission of protons is  ampl-
ified relative to the emission of neutrons in the dp — ppn
reaction at an angie of 80, especially for events with
large momentum transfer (X = T/T 05), (see FigJ3 ol )-
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This excess is easily explained by charge exchange reacti-
ons going througn the excitation of the virtual isobaric
state A Similar effect can be also seen in the interac-

tions of the “He nucleus with protons. It particular, there

is a qualitative difference in the behaviour of the invariant
differential cross sections of the reactions without and with
pions (see Fig. 4) /2/ some shoulder can be observed in
the inclusive spectrum of protons at 0 from the reaction
dp -» pX /47 for higner energy {9 Gev/c ). The resulis are
presented in Fig 5., the calculated curves =4 have been obtai-
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Figure 6. Graphs corr&%ponding to the process dp -» pX 75/ (a)
and quark graphs (b).

ned for the grsphs of Figha. The fact is of interest that
the well-known dibaryon  enchancements manifest -themselves
most clearly in the charge-exchange processes for the regions
close to the Sum of masses NN, NA dos . For example, it is
possible to compare the diagrams of Fig. 6a with the quark
diagrams of Fig.bh. The process of the first diagrams goes
through the excitation of the A-isobar with following
AN-integration and transition to two relatively fast nucleons.
The system is formed in the second diagrams,{ 4q + 2q ) has
a hidden colour. This system possessed rotation levels in the
Mac-Gregor shceme 1/ showing themselves as narrow resonances
when going to two nucleons.

Therefore the appearance of the dibaryon enchancements
is justified within the frame of quark models in the region
of mesons and isobaric degrees of freedom. It should be noted
that all the considered effects are related to collective
interactions that should manifest themselves in NA and AA
collisions over a very wide range of energies.
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SPECULATION ARQUND DEUTERON DISINTEGRATION DATA

Sitnik I.M. and Penchev L.
Joint Institute for Nuclear Research

Dubna

This report is devoted to the analysis of data on the
A(d,p) reaction performed on polarized and unpolarized
deuteron beams.

The anomaly in the cross-section data (enhancement over
the relativistic impulse approximation’ 1/ (RIA) prediction)
mentioned long ago, stimulates measurementes of polarization
characteristicas of the reaction which are more sensitive to
the deuteron wave function (DWF) and to the vreaction

mech;&igya. Analysing the tensor prolarization {Top)
data’<-%/ two peculiarities should be mentioned: 1) the

experimental minimum value is larger than the RIA prediction

- ¥ 2 ;5 2) the values of the TZD data are negative at large
values of q (deuteron rest frame momentum).

If the RIA mechanism predominates in the whole q region,
the first peculiarity means that the deuteron s-wave does not
cross zero. This result is evident when extracting/4/ the DWF
by the RIA fit of both cross section/5/ and Tzo/z/.Such a DWF
predicts that the d->p polarization transfer coefficient (=)
is close to 1 in the whole region which does not contradict
the data presented in PARIS-90/6.7/ and BON-90. However, new
data pt:vinta/"z"9 at larger values of q cross zero which is an
indication that the RIA mechanism is not valid in this region
(0.2-0.35 GeV/c). The discrepancy between the T20 data and
the RIA prediction at a minimum can be explained, for
example, by an essential admixture of mechanisms described in
ref./10/ For this case we carried out another fit/4/
including data only out of a region of 0.2-0.35 GeV/c. Over a
momentum region of 9>0.35 GeV/c, where such mechanisms become

negligible, the second peculiarity (Top™ -0.6 at large q)
means dominance of the d-wave. The +it/4/ (with initial
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parameters of the Reid soft core DWF/ll/} demonstrates this
point. In this case the polafization transfer coefficient is
predicted to be -1 for sufficiently large momenta.

Although such a procedure of extracting the DWF
"directly” from the data is guite rough, it was made before
the firet measurement of polarization transfer/sﬁ/ and aimed
at working out the strategy of measurements. Scme of the
deuteron static parameters extracted from these DWF s have an
appreciable difference from +the parameters known from
experiment.

Recently we have analysed 28 DWF s presented in ref./lz/,
which, of course, reproduce well the standard set of data
including static parameters. For some of them the d-wave
dominates at large momenta. One of them (L?BALS) with slightly
changed parameters after fitting, but practically without
changing the radius, guadrupcle momentum and percentage of
the d-wave (see tables 1,2), gives a good agreement with the
cross~section data over the whole momentum range and with the
TZG data out of (¢.2-0.35 GeV/c (fig.l1l). It is interesting to
note a good agreement of this DWF with the cross-section data
in the region of the enhancement (0.2-0.35 GeV/c) despite of
the fact these points were excluded from the fit. The
prediction for = presented in fig.2 qualitatively agrees with
the one based on our previous fit/4/ in which a regicn of
0.2-0.35 GeV/c was excluded.

Table 1.Parameters of ‘?BALS/]'Z/ after fitting

M, (not changed) Cy Dy
0.23162 0.88807 0.022795
1.2000 -1.3593 —-0.99380¢
1.6000 -1.2712 0.016015
2.0000 22.208 13.293
2.5000 -65.153 —-48.270
3.0000 -25.939 58.544
3.5000 0.0227895 -22.611

Table 2.8tatic parameters of the deuteron
Percentage Radius Quadr.

of d-wave fm mom. fm2
wgﬁ initial .00 1.937 0.2777
#BAC after fit 7.90 1.940 0.2779
experiment (from’14/) 1.9586 0.2860
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Fig.l. Invariant cross-section data’?’ of the H(d.p)
reaction (up) and the Tog data’/2/ of the 120(d,p) reaction
{down) compared with the RIA calculation: dotted curves -
Paris potential/lB/; Tull curves - ?EALS parameterization’ 1/
after fitting the data excluding a region of 0.2 - (.35
GeV/c; dash-dotted and dashed curves - s— and d-waves of this
rarameterization, respectively.

S0, it is very important to measure the polarization
transfer at large momenta. Our colleagues and we have a
propesal for such measurements (experiment "ALPHA")
increasing luminosity by a factor of about 20 in comparison
with the first measurements’5:7/, The proposal and the one
discussed in report/B are alternative.

If the validity of the RIA mechanism for the A(d,p}
reaction in the region of g»0.4 GeV/c is confirmed, the
discrepancy, seen from fig.3, between the T20 data of the
(d,p) reaction and the ed-elastic scattering will become the
subject of great interest. If nonnucleon components in the
deuteron such as (8,4), (N,N*), (N*,N*} are essential (see,
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full curve - “‘JBALS parameterization’12/ after fitting the

data in fig.1.

for example, report/ls/}, we have not to expect an agreement
between the A(d,p) and d(e,e”) data. There is no difference
for the electron which configuration (N,N) or (4,4) creates
the s- and d-waves (in case without destroying the deuteron),
so such configurations are significant for the d(e.,e”)d
reaction. On the contrary.,when the proton is observed at a
zero angle, the contribution of the (4,4)-configuration in
the deuteron fragmentation reaction is suppressed. For
example, we expect a significant production of A-spectators
from this configuration, but the probability to register the
proton from the &-spectator is sufficiently small.

a5
0.25

& 0
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-0.5
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0.4 08
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Fig_ 3. Tensor polarization in elastic e—d scattering '1520
(neglecting a magnetic contribution) versus four-momentum
transfer: Bates data’ !/ in comparison with the IA calculation
using the RSC ?o ential (dotted curve)} and the w84
parameterization {full curve) after fitting the (d,p?
data in fig.1.

ed-elastic
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If the contradiction between the descriptions of the
A(d,p) and d(e,e’) processes is confirmed, that will be a
good stimulus to look for (A,4) and other nonnucleon
configurations in the deuteron. The possibility of observing
&—  and N*—spectators by the spectrometer "ALPHA" is being
studied now.
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A POSSIBILITY OF POLARIZATION TRANSFER MEASURING FOR RELATIVISTIC

DEUTERON FRAGMENTATION WITH ANOMALON SETUP AT JINR SYNCHROPHASOTRON

A.I.Chernenko, T.Dzikowski, L.B.Golovanov, V.M.Golovin, A.D.Kirillov,
A.Xorejwo, V.V.Perelygin, D.A.Smolin, L.S.Strunov, A.Yu.Sukhanov,
[V.A.Sviridov], A.V.Zarubin, L.S.Zolin

Joint Institute for Nuclear Research, Dubna

Introduction

Sensitive probe for the deuteron wave function/i’s/

is a coefficient
of the vector polarization transfer,®, vs. internal nucleon momenta, dc;
in the deutron. For deuteron fragmentation at o°
& (k):Pxp(k)ﬁxd »

where: de— deuteron E;iarization, Pxp_ spectator proton polarization.
Such an experiment was realized by ALPHA team at JINR
synchrophasotron. Authors reached internal momentum k of 320 MeV/c.
According to this data the transfer coefficient #® within the
experimental errors can be assumed to be constant-like vs. k. It is the
range of internal momentum higher than 300 MeV/c that is the most
interesting one becsuse at the small internucleon distances the
differences between theoretical model predictions become more
significant/B/, But at the same time this range is the least available
for experimental test because fragmentation cross-section decreases by
the order of magnitude when k increase is 100 MeV/c/z/. Further advance
to high internal momenta of the proton in the deuteron is limited by
trigger rate and requires: to increase intensity of the stripping
protons that is limited by polarized deuteron beam intensity of 109 per
burst at the synchrophasotron; or to increase polarimeter efficiency
that is limited, for instance, by setup apert.ure/l/.

In this paper we discuss a possibility of the second way to realize
such an experiment ueing the magnetic spectrometer ANOMALON as proton
polarimeter in configuration of 189@¢. An experiment on stripping proton
production for deutron fragmentation process and its transportation to
the polarimeter has been performed to estimate the secondary beam
parameters and trigger rate of the "good" events for internal momentum

range up to 6@ MeV/c.
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The general lay-out of double scattering experiment is shown in
fig.1. Polarized deuteron beam a* is foeusing by the head rart of the

VP-1 channel on the carbon target

'I'l at beam focus Fg- The strip-

FT
) Fs - . y‘ii ping protons p* from the projgctila
d;’.ﬁ_‘f_) ,,ﬂ ; .‘.:.Wﬁ' L8 deutron fragmentation at 5] are
T

transported 100 m down stream by
VP-1 channel to the polarimeter -

Fig.1. Lay-out of experiment. magnetic spectrometer ANOMALON (beam

focus F-). The proton polarization
can be measured from the angle distribution asymmetry of the proton
elastic scattering on the liguid hydreogen target T,).

For estimations of secondury beam parameters “we used unpolarized
deuteron beam with momentum 9 GeV/c. The beam line after the carbon
target TJ down stream from focus F3 to F?, was tuned for the defined
momentum of secondary protons. The operating regime of magnets and
quadrupole lenses was chosen experimentally for deuteron momentum 9
GeV/c and proton momentum 4.5 Gev/c using the beam wire prrofilometer
system. For intermediate values of the proton momentum this regime was
chosen by linear interpolation. The proton momenta were measured by
‘magnetic spectrometer ANOMALON.

The beam channel transparency is shown in fig.1. It decreases from
98% at focus F5 to 65% at F7. Only 15% of the total beam is focusing on

i the liquid hydrogen target with diameter 6 cm.
K 3 At the same time the rproton momentum interval

? - i is constant for the full momenta range and is
) MY equal to Op/p=1.3%. Fig.2 shows relative
beam intensity per one primary deuteron per
burst in focus F_ vs. proton momentum. The data
are taken from ref./l’z/. Closed triangles show
our measuréments. One can see that with proton

momentum increase stripping proton intensity

decreases to 5 order of magnitude. Moreover
d/p ratio reaches the values 10-19@ at the high
Fig.Z2.Secondary proton prrotoen momenta. High 4 back-ground and low

7 .
P. FeBie

beam intensity in F7 proton flux reguires careful d/p separation for
per d vs. p momentum. transfer polarization measurement at high

secondary proton momenta.
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Conclusion

We considered a possibility of the ANOMALON setup application for
polarization transfer measurements at high internal nucleon momenta.As
a conclusion we can make few remarks. The negative point: advantage of
the wide magnetic spectrometer aperture is compensated in great degree
by poor beam line transportation from focus F6 to F7. Positive points:
large flying base and precision TOF system allows to separate high
deuteron back-ground up to kinematical limit: liquid hydrogen target
provides a high analyzing power for p-p elastic scattering; small beam
channel momertum interval Op/ = 1.3% admitts to make an

Lo experiment  without projectile proton momentum

.\ T
e measurement for elastic event selecticon. The

J estimations for transfer polarization measurement
3 at deuteron momentum 9 GeV/c are represented in
fig.5. For deutron beam intensity 1@9 it shows
fluxes per burst for: p+d- secondary unseparated
beam, p-proton and d-deutron beams; T-trigger rate
of the “good"” event;. 1/E - inverted polarimeter
efficiency and APP_ analyzing power as function
of the internal momentum k. Fig.5 shows that with

present polarimeter configuration at the internal

momentum k = 50@ MeV/c trigger rate is =~ 8.2 event

R e
Kak rer burst or 1500 event per day.
Fig.5. Secondary beam fluxes Nﬁ+d’ Né, NH; Nf —-trigger rate at deuteron

intensity 1@9 per burst:lf-inverted polarimeter efficiency and
Appganalyzing power vs. k at the deuteron momentum 9 GeV/c.

We would like to thank Alpha team members for helpful discussions.
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VECTOR-POLARIZATION TRANSFER MEASURING AT SYNCHROPHASOTRON
FOR DEUTERON FRAGMENTATION AT MOMENTUM 6 GeV/C
AND INTERNAL PROTON MOMENTUM 410 MeV/C

T.Dzikowski, I.A.Golutvin, V.S_Khabarov, A.Korejwe, V.V_Perelygin,
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We have measured vector polarization of deuteron de and proton Pxp
and analyzed vector polarization transfer coefficient ®=F p/de in the

1z o =
C » p* at 8 . We have used double-

fragmentation process ar +
scattering method with elastic p-p scattering as an analyzer of the
proton polarization.The general lay-out of double-scattering experiment

for polarization transfer measuring is shown in fig.1.

F3 ) F& F7
. /i S
L. . ;:T sl —j.-fﬁ(_
4t ﬁ_____,.f_‘ =} -\T“;‘}; 7 Ta
Ed Bearn paolarimeter Seoondery proton
ALFHA palarkreter ANOMALOM

Fig.1. Lay-out of experiment and proton polarimeter ANOMALON

5P-48- analyzing magnet (gap Z0cm) _S;’, -~ anti-beam counter
PC - 2- and J-dimensional MWPC ST - time-of-flight counters
5 - scintillation counters Tl - first carbon target
SRL - left recoil hodoscope T2 - liguid hydrogen target.
SF?? - right forward  hodoscope
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Polarization measurement

Two magnetic spectrometers were used: polarimeter ALPHA 4 in focus
F5 for vector-polarized deuteron beam tuning, monitoring and periodical
check-up of deuteron polarization during the run and proton polarimeter
ANOMALON in focus F7 for data taking. The application of ANOMAION set-
up for proton polarimetry was discussed in the previous paper/z/.

Deuteron momentum was chosen 6 GeV/c to increase analyzing power of
p-r elastic scattering. Deuteron polarization for different mode
operation was P)::@.tl@ and PX_:@.SS and remained stable during data
taking time.

We have taken only twe stripping proton momentbum because of the
beam time lack. The momentum of 3 GeV/c corresponds to the internal
momentum 4=@ and ®=1. Therefore it was taken for calibration and
estimation of systematic errors. The momentum of 4.25 GeV./c
(k=410 MeV/c) is the most interesting because ® should reach the
minimal wvalue of -1 near this roint according to standard Paris
deuteron wave function (see fig.5).

At the latter momentum the admixture of deuteron in secondary beam
was 30% and was separated by TOF. Taking intec account polarimeter
aperture, the effective analyzing power was 0.16. We used soft forward
trigger when proton was scattered at polar angle {f > 30 mrad while
recoil information was used as a mark for further off line analysis.
The trigger rate reached 4 ‘“raw" events per burst at the highest
pelarized deuteron beam intensity of 1@'9 rer burst. The polarimeter
measured scattering angle 191 and scattered proton momentum P.ZM' The
projectile proton momentum P@ was known/z/ with accuracy 1.3%. For
secondary proton beam line tuning we used half momentum stripping
protons produced in 9 GeV/c deuteron fragmentation.

Fig.2 demonstrates quality of the elastic ewvent selection. It shows
a distribution of the difference between the measured and kinematically
expected momenta, PlM and Plﬁ' The left tail of the raw data spectrum
points out a background of inelastic event. The final spectrum is the
result of the event selection with the recoil mark. Fig.3 shows
polarimeter inverted efficiency 1/ - number of rrojectile protons per
one detected elastic event corrected for the event reconstruction
efficiency as a funection of cutoff scattering angle '8‘ - One can find a
good agreement between the measured 1/€ for the forward trigger events
and the estimated one.

182



o
ﬁpm
L O-forward trigger,
1090 —- -estimation é
o 11
0=2.5% O
Beg — i !
i,
Ia) ]
geg - -}
i P =4.25 Gelye
| | [h see T Y T T
-1 a8 +1 48 50 6@ 7e
APMB:PIM_P_Iﬂ’ Gell/c ﬁlm,mrad
Fig.2_ Raw and selected momentum Fig.3. 1£ vwvs. cutoff angle ﬁlm
spectrum for p-p elastic events. E~- corrected polarimeter efficiency.

Stability of measured proton polarization PX as a cut criterion
function is illustrated by fig.4a. One can see that within the
experimental errors Px is independent of the cutoff scattered angle or
four-momentum transfer for both the types of selection: rececil and

forward triggers. It could be considered as reliability of the result.
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Fig.4. Proton polarization 1-"“1r (a) and event mumber N (b) vs. cutoff
scattering angle # im T four-momentum transfer -t at PP:4_25 GeV,/’e and
Pd:S GelV/c for event selections types: -forward and B-recoil triggers.
Furthermore, as it follows from fig.4 b, in the case of our set-up
configuration the forward trigger increases statistics by several times
and allows one to operate with small scattering angles.
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Results and conclusjion

We have measured the vector-polarization transfer for deuteron
fragmentation at momentum 6 GeV/c with ANOMALON set-up at the JINR
synchrophasotron. The deuteron polarization was measured with ALPHA
polarimeter/l/. For stripping rrotons with momentum 3 GeV/c and

internal momentum k=0 we have obtained

*=1.09£@.07. High internal nucleon momen—
tum k=410 MeV/c corresponding to the strip-
ping proton momentum 4.25 GeV/c has been
reached. It has been found +that » changes
the sign and equals ®=-9.4+0 .29 at this k.
Our data are shown in fig.5 together with

data from ref/s/

and some theoretical
predictions.The curves correspond to:
1 - standard Paris deuteron wave function,
2 - final state interactions were taken
into account/4/, 3 - relativistic DWF with

core/5/ and 4 - without core/s/.From fig.5

we can conclude that it is very important

k,Mev/e to advance to nucleon infernal momenta of
Fig. 5. Transfer polarization 660- 650 MeV/c to have a reason to choose
® vs. internal momentum i between different theoretical predictions
.- Pd:Q Gel/c  from refﬂi/

m- Pd:S Gell/e this data. luminosity polarimeter for this purpose

based on experimental data. High

is described in ref /7/.

We are grateful to accelerator and beam control staff for the support.
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ANOMAT.ON SETUP MODERNIZATION INTO HIGH LUMINOSITY PQOLARIMETER
FOR POLARIZATION TRANSFER MEASURING FOR RELATIVISTIC DEUTERON
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V.F.Peresedov, P.A.Rukoyatkin, B.Yu.Semenov, L.N.Strunov, A.Y¥Yu.Sukhanov
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Joint Institute for Nuclear Research, Dubna
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Measurements of wvector polarization transfer coefficient ® for
deuteron fragmentation at Dubna ‘4 and Saolay/Z/ reached internal
proton momentum k=41@ MeV/c. Further advance to higher internal momenta
ig'available at JINR synchrophasotron in nearlest future. It requires
tc increase accelerator polarized beam intensity by 5 - 1@ times up to
l@laper burét, to increase spill-out time and to create high luminosity
polarimeters. In this paper we describe the modernization of ANOMALON
get-up into a high luminosity proton polarimeter realized in 1991 . The
peints of the modernization were as follows: beam line, target and

polarimeter.

Hardware modernization

In ref/a‘/ poor beam line VP-1 transparency and low transportation
ability from focus FS to F.7 was noted. 35X% of the beam has been lost at
bending and collimation. And just 15% of the beam was focusing on the
target because last pair of gquadrupcle lenses was installed over 20 m
up stream the beam . The new beam line and set-up lay-out are shown in
fig. We increased diameter of collimator and beam pipe to 190 mm and
installed new pair of guadrupole lenses 20 K10@. By this way we believe
to increase the luminosity by 5 times.

The special 1 meter length liquid hydrogen target was designed,
constructed and installed. It gives 3 times increase of luminoeity.
Furthermore new target has low dense walls in both forward and recoil

directions that makes possible to decrease the detection threshold for
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In ref/z/was shown a possibility to detect elastic scattered proton
at a small polar angle with a small systematic errors. That is why we
increased the forward spectrometer aperture to 200 mrad in symmetrical
left-right configuration taking into account threshold angle of 40
mrad. It gives 1.8 times increase of luminosity. To increase the
azimuthal aperture of the forward spectrometer we widened analyzing
magnet gap by 2 times. Furthermore we created two complementary left
and right scintillation recoil systems. One of it is suitable for
recoil proton energy measurement.

Pelarimeter parameters

F3 F5 F7
T pt St
% T2
Beam polarimeter Secondary  proton
ALPHA polarimater ANOMALON

Lay-out of the magnetic spectrometer ANOMALON for relativistic nuclear
fragmentation and polarization experiments

K 100 - guodrupole ienses SFL.SFR ~ forward acintlilation hodoscopea
SP—40 -~ onclysing magnet 5g —antibsamn counter

PC = thres— and two—dimensional MWPC St ~TOF counters

s - wcintiiotion counters c ~cherenkov ZZ hodoscopss
SRLSHR ~ left and right recoli scintlliation E—counter wolls T —first target

Ta ~llquid hydrogen targst

Magnetic spectrometer as a high luminosity polarimeter is shown in
fig. Polarimeter consists of:

~coordinate detector for the track tracing based on MWPC with
sensitive area from 64 mm to 1280 mm composed into 8 three-dimensional
and 2 two-dimensional blocks with 5000 readout LRS channels;

-precision TOF system with extremely large flying base 40 - 108 m
for p-d identification up to kinematical limit;

~flexible triggering system with scintillation counters:

-left and right recoil Bystems with full absorption scintillation

counters;
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-profilometer for the beam position check-up and control;

-special 100 cm liquid hydrogen target:

-analyzing magnet S$P-4@ with the pole gap of 42 cm.

Spectrometer forward angle acceptance: polar is 100 mrad,
azimuthal is *35 deg.; recoil angle acceptance: polar is 66-90 dege.,
azimuthal *45 deg. '

Conclusions

As a result of the modernization we expect 40-5@8 times increase of
luninosity of our experiment. Polarimeter can measure three kinematical
parameters of the p—p elastic scattering that is very important for
reliability of results. For such a polarimeter the value of # within
statistical errors *2@% at internal momentum 608 - 650 MeV/c can be
obtained during one week data taking time. And for 158 day run full

internal momenta range within the errors from 16 to 20% can be scanned.
We are grateful to Chief Engineer Services, Work -Shops and the

Cryogenic Division for the support of our experiments.
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STUDY OF RESIDUAL INTERACTTONS IN PROTON INDUCED
DEUTERON DISINTEGRATION AT MEDIUM ENERGIES

Imrich Zborovsky
Nuclear Physics Inst.,Czechoslovak Acad. Sci.,§e§
CSFR

I. Introduction

The deuteron breakup on nucleon at medium and high energies
is in a first approximation a relatively simple process in which
one of the nucleons of the deuteron interacts with a probe (e.g.,
a proton) and the other one proceeds largely undisturbed. This
simple picture presented by a plane-wave impulse approximation
(PWIA) needs to be corrected for the effects such as multiple
scattering, final-state interaction (FSI) and also for other
possible contributions. In this paper we study the process pﬁ —
PPN for incoming momenta = 1 — 2 GeV/c with a proton detected at
180°. This Treaction canal dominates in deuteron breakup processes
induced on the proton probe especially in the region when one
approaches the corresponding kinematic limit. The aim of our study
is to estimate here the final-state interaction (FSI) and the
Glauber double-scattering (GDS) effects. The calculation results
are compared with the measured inclusive cross sections and the
tensor asymmetry T20 for deuteron breakup at 1.25 and 2.1 GeV f1/.

II. Outlook of the Formulation

We outline here the used formalism for the calculation of the
inelastic scattering of a proton from a deuteron target
P1+ﬁ-»P:_),+N:I+N’2 (1)
incorporating the multiple-scattering expansion in addition to the
single-scattering contribution of the PWIA. The calculation is
performed in the rest frame of the deuteron using non-relativistic
wave functions. The transformation of the NN amplitudes to this
frame and kinematics are treated relativistically.

Assuming that nuclear interaction is mainly mediated by
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two-body forces and following an earlier work of Faddeev /2/ and
Wallace /3/, for the three nucleon T matrix elements we write /1/:

<d(£) | T |4i)> = <d(£)|T_G T lp > + <a(£)|T T T

aoc DI{PI

+<d(£)|T > + <d(f) |TbTOTCiq)1> (2)

b1

+<4(f)|'rc| > o+ <x¢(f)|TCT T

1 bl?s>"

In the approximation used here we neglect the third- and
higher-order scattering terms. Go is a free propagator and
free-particle two-body transition matrices T; satisfy the
Lippmann-Schwinger equations. The initial state ]c,01> is the
product of the free nucleon state Ep1> and the deuteron wave
function [D23> which is antisymmetrized and normalized to unity.
The state <f| describes a free motion of the three nucleons after
reaction. When evaluating amplitudes (2), the approximation /1,3/
is often used which includes only impulse terms and the
energy-conserving parts of double-scattering terms connected with
decomposition:

Go = P[i/(E-HO)I = inS(E—HO)- (3)

It is hoped that in the deuteron breakup the principal-value part
cancels the higher—order scattering terms similar to the case of
elastic pD scattering. We proceed here in a different way
exploring the method of evaluating the nucleon-nucleon wave
functions in energy continuum. So we include the whole propagator
GO and expansion (2) up to its first order. Using the
decomposition

(1 + G; T;) fF=y_=f + ¢ (4)

expression (2) can be rewritten to:

<d(£)| T 14(i)> = <at(£)} > + <a’l(f)]TC§gu1>

Tyle,

+<d{¢ ) [Tyl > + <d(e )T |o,> (5)

pl?s 1

+<d(¢ ) |T >+ <l(P ) T lo,>-

pl®: 1
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In a more explicit form we divide it into three parts which
describe the PWIA, final state interaction contribution and
Glauber double-scattering corrections of our approximation. For

the particle with momentum ﬁg detected as a proton we have:

Tace, 1) = To * Tesr * Taps (5)
1% & zla<pi|bc<§o(nép3)ITab]w1> # 2'a<pé|b = (pan )lTablwI>
Test = 27 ;Pylpe<t (nypy) T, le,>
—I_rG,DS =i 2 a<p_:[ Ec:a<‘I> (n2p3) lTabl 'Pl> 2 b<n,1 I ca<¢_( pép’g) lTa.bI{‘D:t>

The residual interactions with the forward fast moving particle
were neglected here. The NN wave functions <& (N’N Y +d (N N’ )| /4a/
were found as solutions of the Schrodlnger equatlon w1th a
potential and with appropriate asymptotic,

The PWIA terms make a main contribution to our amplitudes.
For its dominant part, the spectator mechanism, we write:
_ —_ =

Here & denotes the deuteron wave function with the spin projection
M and with the nucleon spin preojections k5. U,. The NN amplitudes

| were evaluated at energy £ which corresponds to the collision
of the projectile with the nucleon from the deuteron at rest. For
the FSI and GDS terms in (6) we write:

M =2 o
[ = - (R R (R,R_,ul,us, T =0)
FSI z “1”3 “2“2 d Mj u2 fo i e L |
l-ij 2
I = (R2).
GDS _Z “k“l “1“2 1
HKHZ
1 = [ s
: [ﬁkR ay R Rzt =0) o p R U (R R gy 1=1) |

The quantity R used here corrects the deuteron wave function in

(7) and represents the overlap integral of the deuteron WF and the
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part of the NN wave functions responsible for Tresidual

interactions.
~-iR 1?/2 *
M g g i oy ey 20 0 - sy T Moo=
iRy (Kg Bprul, w3, T') = jdre 2 (F3Epuh, 05T % o (r).
i 2 N ‘ 2"k

The function & describes the residual interaction of the NN pair

£ and the total momentum id‘

The magnetic quantum numbers Ej’”}t and ué,,ué are nucleon spin

with isospin T*, relative momentum K

projections before and after interaction.

IITI. Concluding Remarks

We have plotted the results of our calculations together with
the experimental dp-breakup data /1/ at a deuteron energy of 1.25
and 2.1 GeV. Paris deuteron wave function /6/, the NN amplitudes
/5/ and the potentials for the lowest orbital NN canals /7,8/ with
proper description of NN phases were used as an input.

To conclude our results, we find that in the investigated
region FSI plays more significant role than GDS and especially
that in cal}als 1P1,351—3D1,3D2, has at medium energy a certain
influence on cross section and corrects considerably the behavior
of Tza' We note here that similar conclusions have been made for
the inclusive deuteron breakup at higher energies /9/, for the ap
disintegrationr at medium energy /1/ and also for the processes of
the deuteron electro-disintegration /10/. The insufficiency in
cross section at 2.1 GeV energy for low proton detected momenta
can be connected with mn-production not included in the
calculation.

I would like to thank prof. B.Tecoult for valuable ideas
stimulating this work, Yu.Panebratsev, A.Litvinenko for many
helpful discussions and M.Sumbera for technical support in the

calculations.
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Fig. 1. The inclusive H(d,p)X invariant cross section of ref. 1 at
a deuteron energy of 1.25 GeV. plotted versus the proton momentum
in the deuteron frame compared with the PWIA and the full
calculation results.
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Fig. 2. The Tzodata of ref. 1 of 1,25 GeV compared with the PWIA
and with the complete calculation,

000D experimental data
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PWIA + FSI + gps (S,P,D waves)
——-- PWIA + FSI
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Fig. 3. The inclusive H(d,p)X invariant cross section of ref. 1 at
a deuteron energy of 2.1 GeV. plotted versus the proton momentum in
the deuteron frame compared with the PWIA and the full calculation

results.
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Fig. 4. The Tzadata of ref. 1 of 2.1 GeV compared with the PWIA and

with the complete calculation.

0Oooo experimental data

- ~ PWIA

—— PWIA + FSI + GDS (S,P,D waves)
—-——- PWIA + FSI
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DEUTERON STRUCTURE INFORMATION OBTAINED FROM BREAKUP DATA
C. F. Perdrisat

College of William and Mary,
Williamsburg, VA 23185, USA

and
V. Punjabi

Norfolk State University.
Norfolk, VA 23504, USA

INTRODUCTION

There is now a considerable amount of data concerning deutercn
breakup, both from the exclusive {p,2p}) and (d4,2p), and the
inclusive (d4,p) reactions, for energies ranging from a few hundreds
of MeV to almost 10 GeV. The question of whether these data present
us with sensitive tests of the deuteron wave function, has not
received a definite answer sc far. There are still many unanswered
questions: (i) the complete description of the reaction, (ii) the
choice of -the scaling variables, (iii) the construction, of a
relativistically invariant wave function, and of a covariant NN-
>NN, or NN->NX amplitudes.

The prime motivation for experimental studies of deuteron
breakup is the hope that ultimately the deutercn wave function will
be determined experimentally, including all non-nucleonic
components. The relationship between observables and the deuteron
wave function has been discussed many times!'. Does the rather -
detailed experimental information we now have actually allow us to
"see" the deuteron structure, or, as suggested for example by Kuehn
& Nissan-Meyer?, does one merely "see" the nature of the target
boundary on which the deuteron breaks up? Newer developments to
describe the data include the use of Light Cone Variables (LCV) or
of the Infinite Momentum Frame (IMF), pioneered by Frankfurt and
Strickman®, with work b many others, including but not
exclusively, Azhgirei et al®., Kobushkin et al.’, Dolitze et al.®

The importance in deuteron breakup, of processes other than
the IA has been pointed out before. A direct extraction of a
deuteron wave function from either invariant cross section (ICS) or
T, data is not meaningful, unless the impulse approximation (IA)
process is dominant. Neither the empirical evidence, nor our
Feynman graph calculation limited to NN interaction, indicate that
processes beyond the IA are negligible.

The static properties of the deuteron, like binding energy,
quadrupole moment, magnetic moment and asymptotic D/S ratio, are
well reproduced by all NN interaction potential models (Paris’,
Bonn®, Reid”, Moscow'’, Anmsterdam'....) because they are imposed
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"ad origine". Yet great difficulties are encountered in measuring
non-static properties of the deuterons, which these models predict:
particularly the nucleon wave function in momentum space and the
amount of D-state; or the amount of non-nucleonic components like
NN*, AA..., or the importance of a 6-guark component which are
discussed in the literature, but for which there is scant
experimental evidence.

Inclusive experiments have been conducted at 0°, where the
detected proton is undoubtedly the spectator, at least for small
internal momenta (along the q) axis), as well as at angles large
enough for the detected proton to be almost certainly not the
spectator (along the q, axis). In both cases the inclusive ICS data
can be fairly well understood in terms of removal of the unobserved
neutron by elastic and inelastic Process, including pion exchange
followed by rescattering or absorption. Agreement with some of the
data can be achieved with a non-relativistic deuteron-wave function
in the lab frame, provided all rescattering graphs are included.
Comparable agreement can also be obtained with several forms of
relativistic wave function in the IMF approach. However, some of
these calculations use spin-averaged amplitudes for NN->NN, NX, or
¥X, and therefore cannot be trusted for the evaluation of spin
observables like T,, and P,. The calculation we have made at William
and Mary, is non-relativistic and takes into account only the
elastic part of the NN interaction, but contain the full spin
structure as contained in phase-shift amplitudes. We have the
advantage of having phase shift amplitudes available both for g?
and np up to 1300 MeV (VPI, R. Arndt et al.", also saclay-Geneva
up to 800 MeV), which is just high enough for a deuteron energy of
2.1 GeV when the fermi momentum is taken into account. However,
both pp and np amplitudes are not precise above 800 MeV, due to the
scarcity of experimental data; this is particularly true for the np
amplitudes. In this presentation, aspects of the Saclay
inclusive data™, chosen from the recent results of a series of
experiments at 0° and 2.1 GeV deuteron energy, will be described in

some details. We will also report new sults olarization
transfer measurements in the inclusjve channel made last year at
Saclay (experiment 202), and the ne e ive 'H(d,pp)n

reactionm at 2.0 GeV by Belostotsky™ and collaboration. These data
include ICS, the analyzing powers A, A, (exclusive data) and Tug,
polarization transfer P, as well as a systematics of energy and
target dependence for fés and T,. There are aspect of the data
which are close enough to the IA prediction for one to be led to
conclude, that the inclusive and exclusive data we now have are
giving us an image, probably quite distorted, but never-the-less an
image of the deuteron wave function.

INCLUSIVE REACTION AT 2.1 AND 1.25 GeV
First the energy and target dependence of alil measured

observables of the inclusive channel (d,p) are examined; cross
section (ICS) and T, data exist at 1.25 Gev (hydrogen only,
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saclay), 2.1 GeV (hydrogen, ‘He, ¢, Ti and Sn, saclay), 4.2 GeV (c
only, Berkeley'®) and 7.2 GeV (hydrogen and C, pubna' 153) .

In figure 1 the Saclay ICS data at 2.1 GeV, for the 5 targets
'g, ‘“de, C, Ti and Sh are shown versus the momentum of the proton,
q, in the deuteron frame, obtained by Lorentz transforming the
laboratory proton momentum:

g (=q;) = v(p} - BE)), with y=E,/my; and yf=py/ny, (1)

vhere Py=pP cosfl,, p and Eg, and p; and E; are the momenta and
energies of the detected proton and beam deuteron, respectively; Bp
is the proton detection angle. In the IA with breakup by np
interaction, g is the spectator momentum; the inclusive invariant
cross section is then given by: ¢

Edo/d’pdn=E, o™y (o™l /o%ty) @P(a) (2)

For all targets there is the indication of a shoulder in the
Ics around g=300 MeV/c; this anomaly is most noticeable for the 'H
target. Except the shoulder, the data indicate a simple A"
behavior, with n=0.43+0.03. ;

In figure 2 the corresponding T, data for the same targets
are shown versus g. The target dependence is quite small; the
largest tensor analyzing power is observed for 'H, the smallest for
Ti. Note for all targets T,, is minimum near g=280 MeV/c, and
appears tao be heading for a zerc near g=450-500 MeV/c. In the IA
for (d,p) and when the observed proton is a "spectator”, Ty is
entirely defined by the deuteron wave function:

T,y = (2/28095-0,7) /Y2 (03+8%) - ' (3)

This expression reaches a minimum value of -/2 when ¢p/¢s=-/2.

In figure 3 ICS data for C at 2.1 GeV are shown together with
the 4.2 and 7.2 GeV C-data versus the same variable q, the proton
nomentum in the deuteron frame.

In figure 4a we show that for H, T,, is the same at 1.25 and
2.1 GevV when plotted versus g for 0<g<250 MeV/c. Additional
evidence for energy independence comes from the comparison of the
T,, data for C at 2.1 and 7.2 GeV as in fiqure 4b: here again there
is little evidence for an energy dependence, and this up to 400
MeV/c in this case.

The data discussed thus far suggest the following relatively
simple picture:

a) the data is sensitive to the deuteron structure,

b) the variable g effectively acts as a scaling variable; but
q can be a scaling variable only in the extreme case where the
proton is a spectator: the data suggest dominance of the spectator
regime.

c) the cross sections follow a simple A" law over the range of
targets A's investigated at Saclay, 4<h<110, indicating that the
structure of the target, in particular its boundary, is not very
important (contrary to ref. 2},
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d) The invariant cross sections show no energy dependence when
blotted versus q up to g~200 MeV/c, which is of course the Impulse
Approximation prediction.

f) The cross section data show an anomalous shoulder around
g=300 MeV/c, as first discovered in Dubna, noticed in Berkeley and
confirmed in Saclay. This anomaly is not explained in a spectator
model without pion exchange, even when rescattering is included. A
number of calculations suggest that meson effects might explain the
shoulder, at least qualitatively.

The LCV internal momentum k; has been proposed as the Proper
relativistic scaling variable, leading to several ways of writing
down a relativistic form for the deuteron wave function. The
definition of k; is interesting; it is a function of @, the
fraction of the projectile deuteron carried by the proton, as seen

from an Infinite Momentum Frame moving towards the deuteron; then

B=1 (and y=w), and:

@ = (PI+E,)/(P*E,) = (qq+E)/m, ; (4)

with values between 0 and 1, and a corresponding'an for the neutron

with values between 1 and 0: e+a=1. Here again P and E,, p, and

Ey are the momenta and energy of the detected proton and beam

deuteron, respectively; g is defined from (1) and E, =/(q%m?).
The definition of k; in terms of e is (ref. 3):

ke = m{1-2a)/2/a/(1-a). (5)

It is obvious from (¢) that e, is a relativistic invariant.
Therefore the relation between g from equation (1), and k; from
equation (5) is independent of the beam energy; it is also
independent of the target mass.

In figure 5 are the Saclay C data (at 2.1 GeV) and the Dubna
C data (7.2 GeV) versus the LCV ki As in fig. 2 the c-data agree
in absolute value and shape at least up to 200 MeV/c. No drastic
difference is seen when k; replaces g. Because of the ocne to one
relation between g and k; nothing new can be learned by changing
from one variable to the other. One of several possible forms for
a2 relativistic deuteron wave function is (see ref. 5):

Yoo = (k/2(1-0) (1-2a)) #2,.(k,), (6)

where ¢ is the non-relativistic wave function.

Interestingly, the guantity k. of the IMF approach is closely
related to the recoil variable discussed by Gugelot', who proposed
a model for particle removal reactions in general, in which the
projectile is required to bring energy and momentum to the target
so as to have all reaction participants on the energy shell, and
energy and momentum conserved at all vertices. This model has met
with a number of successes for various inclusive and exclusive
pProcesses. Such a four-momentum transfer can be visualized as due
to the projectile entering the potential well of the target and
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imparting an momentum-energy transfer (Ap,AE) to it. The kinematics
of the problem is entirely defined; because of the energy-momentum
communicated to the target, the target moves with a velocity
B=Ap/(my+AE) and the recoil momentum P; is not the internal
momentum; the latter is then defined in the frame where both
nucleons have zero momentum, &'+ g,=0. The quantity q; is closely
related to k;; indeed both are defined by the requirement that the
constituents of the targets be on their mass shell. Energy is
conserved in the definition of gy, which explains the small
numerical differences between 9 and k; visible in figure 6. As the
deuteron beam energy increases, or the mass of the target
increases, gy tends towards k;. We have used k; here, but it is
obvious from figure 6 that the two internal momenta k; and g, are
practically the same numerically, and have very similar physical
meanings.

MULTIPLE SCATTERING CALCULATION

We will now compare the inclusive Saclay data with our
calculation®, which includes NN->NN vertices only, and evaluates
all first and second order Feynman graphs shown in figure 7 for the
breakup process. The physics inputs to the calculation are the
phase shift analysis amplitudes of Arndt et al (VPI) (and also
Lechanoine et al, Saclay-Geneva for the 1.25 GeV hydrogen data),
and 5 modern wave functions for the deuteron shown in momentum
space in figure 8: Paris, Bonn, Amsterdam, Moscow and Reid soft-
core. The calculations require an on-shell approximation for all 2-
body amplitudes. The 3-body amplitudes of all diagrams are added.
Antisymmetrization is enforced by including the amplitudes for each
diagram with the two proton interchanged.

We point out the following:

a) as seen in-figures 9 and 10, the calculation reproduces the
'H inclusive cross section data at 1.25 and 2.1 GeV deuteron energy
up to the anomaly without problem; the sensitivity to the wave
function is small;

b) for the tensor analyzing powers T,er the calculation is
partially successful at 1.25 GeV (fig. 11), but quite unstable at
2.1 GeV (fig. 12), that is it depends critically upon the large g
behavior of the wave function, which affects the rescattering
correction drastically.

€) in the only case where the spin dependence can be tested
(Tze at 1.25 GeV, seen in figure 13, where the Saclay—-Geneva phase
shift are available), it is seen that T,, depends upon the spin
structure of the NN amplitudes through the double scattering terms.

d) the polarization transfer data results from experiment 202
at 2.1 GeV (preliminary?') are seen in figure 14; they are in good
agreement with the Impulse Approximation up to g=300 MeV/c. The
correction from the double scattering diagrams appears to be too
large. Again, in the simplest IA the proton polarization is that of
a proton in a fully polarized deuteron, and entirely defined by the
deuteron wave function:
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By = (5P’ ~y0s/V2) / (S62+50,2/ 4~0ds/ /2). (7)

This wvalue of P, passes through zero when P/ Ps==/2, i.e. at the
same g-value for which T,, goes through a minimum. The P, data in
figure 14 do indeed go through zero at g=280 MeV/c, i.e. Precisely
where T,y is minimum; however the experimental minimum value of Ty
is not the predicted -/2, but x-0.9.

Although neither the data, nor the results of our calculation
justify such a precedure, we have extracted the ration $p/ b5 from
the inclusive 2.1 GeV T,, and P, data using the inverted formulas
of (3) and (7). The results are seen in figure 15, where they are
compared with the same ratio for the Paris wave function. The two
entirely independent experiments give results which are surprising
close to each other; the rather large difference at large g, can
only be understood to mean that distortions affect T,, much more
than P, in agreement with the results of the calculation. Figure
14 also tells that the calculation does not reproduce P!

EXCLUSIVE BREAKUP, DATA AND CALCULATION

Experiment 145 (ref. 10) at Saclay measured the analyzing
powers and in a kinematics selecting the unobserved neutron
as spectator, and detecting one proton (scattered) at 18° in the
spectrometer SPES 4, and the other (recoil proton) in a
proportional chamber-plastic scintillator telescope between 57 and
65° in the lab; the out-of-plane acceptance of the recoil telescope
was #5°; the momentum of the forward proton was increased in steps
of 0.1 GeV from 1.6 to 2.0 GeV/c, with one additional point at 2.05
GeV/c; the kinematics is entirely defined by the forward momentum
vector and the angle of the recoil. There are two kinematical
solutions for each angle pair up to the kKinematical limit; these
are distinguished by the time-of-flight differences between the 2
protons, and also by the energy of the recoil proton. As seen in
figures 16 for A, the data are in fair agreement with our
calculation with Paris wave function (left); the sensitivity to the
wave function is shown by comparing the data with the Bonn wave
function (right). In these figures only those events with near
coplanarity have been kept, as the calculation is limited to
coplanar kinematics. The Tensor analyzing power A,, are shown in
figure 17a, and compared to the calculation with ‘paris and Bonn
wave function. The corresponding ratios $y/¥s are in figure 17b;
they are strikingly similar to the ratios in figure 15.

The exclusive polarization transfer results shown in figure 18
with calculation for Paris wave function; the small number of
events requires that all data point for one value of the forward
proton momentum be combined into one data point for each of the
kinematical solutions.

A EXCITATION AND EXCLUSIVE BREAKUP

It has been suggested that a few diagrams including A-
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excitation at one of the vertices should be added to the NN
diagrams retained in our calculation. We point out that in a
calculation of the impulse approximation diagrams based on
empirical NN amplitudes which are phenomenological fits to the NN
data base, wvirtual, single and double A excitation at the NN
vertices is included. '

When the rescattering diagrams are added, more complex
diagrams involving one or two A-excitation lead to a whole family
of diagrams with virtual pion exchange. Still missing would be some
of which are typical 3-body diagrams. Adding explicit A-excitation
graphs to the NN rescattering ones would lead to some double
counting.

We have experimental evidence, based on the TRIUMF 500 MeV
exclusive °H(p,2p)n data showing that, empirically, there may be
no need to add explicit A-excitation graphs. In several entirely
different kinematic regions, all presumed to lead to A-excitation
on the basis of the pair wise NN invariant masses (which is ~m+m,,,
we find that the 6 diagrams are sufficient to explain most of the
deviations from the IA (here it is pp). In one region, {Perdrisat
et al.®) symmetric kinematics, a single A-excitation diagram has
been evaluated by Yano®; see figure 19a. Our calculation, seen in
figure 19b taken from Epstein et al. % gives comparable results
without explicit A-excitation.

The same calculation indicates that in the region of very
small recoils, where the TRIUMF (p,2p) experiment (Punjabi et
al.®¥) was calibrated on the elastic pp cross section and suffered
from uncertainties no larger than 1%, the data seen in figure 20
are below calculation by about (9.4t0.8(stat)iz.s(syst)*)xlo_a.
Such a missing strength could indicate that the wave function is
depleted at small g, for example by an ancmalous D-state
distribution as in the Moscow University wave function (Kukulin et
al®). However this wave function gives incorrect predictions for
the T,, and polarization transfer of the inclusive Saclay data.

The situation is likely to be entirely different in the
inclusive channel, where no constrain on the presence of pions
exists. Yet the Saclay anomaly occurs below pion threshold, and
would have to indicate virtual A-excitation or pion exchange; it
could come from the 3-body, double pion exchange diagrams (without
external pion lines) which are not included in our calculation.

CONCLUSION

The new data from Saclay, including both inclusive (d,p) and
exclusive 1I-l(d,pp)ﬂ, show interesting features; some of these can
be explained in impulse approximation, some not. The William and
Mary calculation of Feynman graphs succeeds in explaining a good
part of the data, but fails most notoriously for the polarization
transfer P,. The ratiocs ¢,/¢; we deduce from T,, and P, are in
good agreement with each other; we are "seeing" the deuteron
structure in a g-window arocund 100 to 200 MeV/c, and it looks
similar to the Paris wave function. Universality of the data -
target and energy independence - indicates that q (or k;, or g)
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are scaling variables, although the theoretical background for this
behavior is unclear. The Dubna ICS anomaly, although well
established experimentally, has yet to be explained in a consistent
manner, that is including all polarization data available, at least
for the Saclay and the Dubna energies.
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FIGURE CAPTION

1. Invariant cross section for A(d,p)X at 2.1 GeV deuteron
energy and 0° proton detection angle, for several targets; the
dotted curved is the Paris deuteron density normalized to the 'H-
data. The variable is ¢, the Lorentz transform to the deuteron
frame, of the proton momentum. Note the ancmalous hump near g=300
MeV/c.

2. Tensor analyzing power T, versus q, for the same energy,
detection angle and targets as fig. 1

3. The ICS for (d,p) at 0° for C at 2.1 Gev (open square), 4.2
GeV (black square) and 7.2 GeV (X), versus q.
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4a) Comparison of T, for 'H at 1.25 GeV (open circle) and 2.1
GeV (black circles). b) Comparison of T,; for C at 2.1 GeV (black
triangles) and 7.2 GeV (open circles).

5. ICS for C at 0° and 2.1 GeV (open square) and 7.2 GeV (X),
versus k;, the light cone variable.

6. The relation between q and k., the light cone variable, and
gy, the recoil variable of ref. 19.

7. The two impulse approximation (IA) and 4 rescattering
graphs calculated in ref. 20.

8. The deuteron density distributions for the 5 wave functions
discussed, including the latest version of ref. 14.

9a) and b), IA and MS results for 1I-I(<:‘g,.p) ICS at 1.25 GeV and
0°, 5 wave functions, VPI NN amplitudes; data of ref. 7.

10a} and b), same as %9a and b, but for 2.1 Gev.

11a) and b), IA and MS results for 'H(d,p) T, at 1.25 GeV and
0°, data of ref. 7.

12a) and b), same as 1la and b, but for 2.1 GeV

13 T, at 1.25 GeV, Paris and Bonn wave function, with VPI and
Paris-Geneva phase shift NN amplitudes.

14. Preliminary 0° proton polarization for vector polarized
2.1 GeV deutercn; shown is the ratio x= P /P,. The expected value
at g=0 is 0.985%0.005 for all 5 wave functions considered. Part a
show the IA prediction, part b) the full calculation for the 5 wave
functions.

15. The ratios ¢,/¢; extracted from the Saclay inclusive
‘H(d,p)X data at 1.25 and 2.1 GeV assuming the IA, and using
formulas (3) for T, and (6) for P,.

16. Vector analyzing power A "at 18° for 2.0 GeV deuterons in
the (d,pp) reaction (ref. 10), compared to the calculation for the
Paris (left) and Bonn (right) wave functions. Data for both the low
(full circle) and high {open circle) recoil proton energy solutions
defined.

17a. Same as 16 but for the tensor analyzing power )

17b. Ratio ¢,/¢; derived from AW in fig. 17a, 1.6 to 1.8 GeV/c
only.

18. Polarization of the forward proton for deuteron with spin
up (P} and spin down (P,,): again, it is the ratio P, over P,.
Fach Kkinematics characterized by the forward proton momentum has
been reduced to one data point statistically averaged over the
acceptance of the experiment.

19a) Data from ref. 22 for equal angle and equal energy
%4(p,2p}) kinematics at 508 MeV, versus proton angle and compared
with the estimate of the A contribution by Yano in ref. 24. b) Same
data (but including unegqual energies) shown versus the neutron
recoil momentum, and compared to the MS calculation (from ref. 23).
Paris wave function.

20. Comparison of data from ref. 25 with the MS calculation in
the g<55 MeV/c region. The missing strength in this region is
discussed in the text.
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POSSIBILITY OF EXCLUSIVE STUDY OF THE DEUTERON BREAK-UP
WITH POLARIZED PROTONS AND DEUTERONS AT COSY

V.I.Komarov, Joint Institute for Nuclear Research, Dubna

Q.W.B.Schult, Institut flir Kernphysik, Forschungszentrum Jilich, FRG

ABSTRACT
Exclusive study of the deuteron break-up with polarized protons
and deuterons in a collinear geometry is discussed. The possibility of
performing such experiments using a special magnetic system -
d@hcility at the internal beam of the cocler proton synchrotron COSY
is considered.

We discuss here a proposal [1] for exclusive study of the deutercn
breakup by protons in conditions which affect high-momentum components
of the deuteron wave function (DWF). A novelty of the expected
exclusive data is determined by

- @ special geometry of the experiment (coincidence of the

backward and forward emittad protons),

- an unexplored range of incident proton energies (1-2.5 GeV),

- employment of both initial nuclecs polarization.

Advance of the deuteron break-up study is recently possible in the
exclusive polarization experiments at high momentum transfers. The
conditions of the experiments should conserve a satisfactory
sensitivity of the observables to the DWF behavior and the analysis
should be accurate enough to determine the contribution by different
mechanisms of the process.

A traditional approach of the deuterca break-up study is based on
the impulse approximation (IA). It is supposed that backward emission
of the fast proton is a good kinematic condition for the IA. The
differential cross section of the backward emission decreases rapidly
when the momentum of the spectatcr proten grows up. So the observation
of the accompanying scattered prcjectile proton is preferable in an
exclusive experiment at small forward angles where the differential
cross section has a maximum. It leads to a collinear geometry {(momenta
of all the ejectiles are collinear), where the transverse momenttm
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transfer to the deuteron is reduced to zero. This collinear geometry
has not yet been used for the deuteron break-up study in the
electronic experiments.

With forward angles in the range "00—100, that is close to the
collinear case, the vector and tenzor analyzing power as well as
spin-correlation effects can be studied. For the spin-correlation
asymmetry measurement two initial particles must be polarized. This
kind of experiments is difficult to be carried out at an external
beam. An intense proton beam would be needed in this case, causing
problems in using a polarized solid state target of the conventional
cryogenic type. At the cooler proton synchrotron COSY the necessary
luminosity can be reached in the internal polarized proton beam with a
polarized deuterium gas target. The measurement of the vector and
tenzor analyzing power and spin-correlation asymmetry besides the
spin-averaged cross sections at several incident energies will provide
redundance of the data necessary for verification of the process
mechanism. So the role of nucleon rescattering and pion exchange in

the intermediate state of the process can be investigated.

If one restricts itself to the experiments with single scattering
and does not measure polarization of the ejectiles, the only useful
pelarization observable at zero angle of the forward proton emission
is the tenzor analyzing power. Nevertheless, the deuteron break-up
study in the almost collinear geometry at small forward angles is
attractive. Here the process has a character of the inelastic
diffraction of the deuteron. The backward proton emission with momenta
0.4-0.5 GeV/c corresponds to the deuteron invariant mass increasing up
to 0.3-0.7 Gev during the projectile-deuteron interaction. In this
case a longitudinal coherence length is equal to 0.670.3 fm. So one
can expect that the process of the deuteron break-up under these
conditions becomes similar to the diffractive dissociation of a usual
hadron (e.g. m+p»3m+p dissociation at small angles}. A study of such a
hadron-like behaviour of few-nucleon systems is of great interest. The
maximum energy of protons available at COSY seems to be sufficiently
high for such a new approach to the deuteron study.
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Deuteron fragmentation can be investigated in an exclusive manner
by making sure that the resolution is sufficient to separate pt+d-p+p+n
processes from ptdaptp+n+n’  reactions. This  is easier if the
projectile energy is not too high. On the other hand, one needs
sufficient energy and one must select such a geometry that higher
internal momenta of the nucleons compeosing the deuteron become
measurable.

COSY-Jiilich with its wvariable beam energy of 40-2500 MeV for
protons is well suited for a study, in particular because of the
possibility of choosing the desired beam conditions including cooling
at the target position TP2 in the Storage ring, where sufficient space
can be available for installation of a magnetic system which permits
measurements of ejectiles even at 0 and 180 degrees [2]. The internal
target geometry not only permits the background from windows or thick
targets to be avoided but also allows installation of the most

advanced polarized gas targets like the Hermes target”.

A magnetic spectrometer is superior for measuring the proton
momenta of interest, especially for obtaining good resolution even in
the 2.5 GeV/c region. The planned OD—degree facility allows a momentum
T 1% FWHM at 2.5 GeV/c, and a better resolution for
ejectiles with lower momenta.

resolution down to

For a working point of COSY 0,=3.38 and Q=3.38 the betatron
functions are Bx=1.7m and Bz=5.0m at the TP2. With a ring acceptance
of ax=130rr mm mrad and az=357r mm mrad, the maximum beam diameters
during injection are 31 mm horizentally and 27 mm vertically. The
cooled beam emittances are expected to be ex“ez"ln' mm mrad which
corresponds to beam diameters of 2.6 mm horizontally, in the direction
of dispersion, and 4.5 mm vertically. Such a procjectile beam would
have ideal overlap with a cluster beam of a gas target and it would
provide a well-localized line source if it traverses the polarized gas
target cell of the Hermes target. The target at TP2 yields the maximum
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luminosity at COSY and the best resolution. At TP2 the required space
is available for installations to minimize the gas load of the storage

ring.

Furthermore, the COSY telescope which contains TP2 can be operated
in the mode which is the best for the particular experiment. This is
also possible for other working points of the machine. The fact that
the target can be installed at a suitable distance from the
spectrometer magnet ensures good imaging by the magnet so that
small-angle scattering in detector or chamber has minimal influence on
reselution. Monte Carlo simulations including this effect (¢=3 mrad),
a position resolution of o¢=lmm for multi-wire proporticnal chambers
and a target width of 2 mm horizontally show that a momentum
resolution of Ap(FWHM)/p of 0.3% can be obtained for ejectiles with a
momentum of p=600 MeV/c while a 2.5 GeV proton beam is on the target.

The Oo—degree facility is depicted in Fig.l1l. Three dipcles D1, D2
and D3 create a closed orbit bump which is kept constant, since the
target is localized. Ejectiles at 180° are analyzed by D1 and the
forward going particles are measured with the spectrometer magnet D2.
A gap height of 20 cm is being considered for D2. There is enough
space for the forward detector FD. In cases where both protons go in
forward direction the detector SD can detect ejectiles with p~600-1200
MeV/c leaving D2 at the side. Clearly coincidence rates benefit very
much from a large gap. The need for running the magnetic field in
parallel with the field in the ring magnets and the vicinity of wire
chambers restrict the gap height which can be realized. We think that

20 cm is near the optimum.

The variation of the beta functions with distance along the
storage ring implies that horizontally at least 31 and 37 mm must be
kept free between the axis of the circulating beam and any structural
material at the end of D2 and the beginning of D3, respectively.
Minimizing detector walls, etc., should measure Oo—degree ejectiles

with momenta u> to 72.7 GeV/c in FD.

‘We are very grateful to Prof.Dr.K.Rith for discussion and most
valuable hints.
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Dipole2

412 MeV/c

Fig. Schematic drawing of the'oo—facility betwegn quadrupcles of
the tafget telescope of CO0SY-Jiilich. Dipole 1 serves as a 180°
spectrometer for protons emitted backward. The C-shape magnet Dipole 2
with a large window serves as a spectrometer for charged particles
emitted at and near 0o°. FD, SD and BD are forward-, side-, and
backward detectors respectively; S - scintillation (Ch-cherenkov)

counter hodoscopes; MWPC-multiwire proportional chambers; DC-drift
chambers .

We are greatly indebted to coworkers of our collaboration for the
joint work and many fruitful discussions of the considered here topic.
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POLARTIZATYION PHENOMENA IN DEUTERON FRAGMENTATION
PROCESSES

G.I.Lykasov
Joint Institut for Wuclear Research
Dubna

I.Introduction

As known, the investigation of polarization phenomena in
hadron and hadron-nuclear interactions gives more detailed
information about the dynamic interaction and the structure
of colliding particles. The study of the polarization effects
in the interaction of particles with deuteron especially in
the cumulative region can give new information about the
deuteron structure, relativistic and quark effects of
deuteron. Investigating the processes like elastic e-d”" and
h-a’%s3/ scattering, deuteron break-up by electrons’?'% ang

76,7/ /8-12/
protons "’ a

and also dA——pX reaction t intermediate
and high energies the authors try to get new information
about the deuteron structure from the comparision of
theoretical calculations with experimental data.

Note that by the analysis of such processes it is
necessary to take into account the reaction mechanism at
large and middle N-N distances %&5,&40/ and the relaivistic
deuteron effects, especially at small rNN/sﬂ/ .

There is also an interesting problem related to the

polarization phenomena in the reactions discussed - possible
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existence of dibaryon states. For example, there are
enhancements observed in the two-proton invariant mass

1375

distribution in the pionless deuteron break-up, Hesp —

da x "' reaction and soc on. Besides, the investigation of
polarization effects in hadron and hadron-nuclear reactions
can indicate these resonances '®’.

This revew is divided into three parts. The
investigation of the deuteron tensor component T, . in the
deuteron fragmentation on nucleons is presented in
section IT, the role of pclarization effects, in particular T,or
in the investigation of the dibaryon problem is analyzed in
part TIIT . Other possible interesting polarization
characteristic of protons in dp—pX, when deuteron is vector

polarized are considered in section IV.

II. Tensor component polarization of deuteron ‘1‘20

and deuteron structure at small N-N distances

If we consider the inclusive d+p — p+X reaction, then

the deuteron tensor component T20 can be written in the

following general form’ &7

7l
[ spte'a , 7y ar

J- Sp(ppF+F) ar

: (1)

20

where the following notation is introduced
- 1 3 i
Q.= 72—{ T(1+crpzo'm) — 2} is the tensor operator
corresponding to the deutercon polarization component
Tzo;o‘pz,a’ are the z—components of Pauli’s matrices correspo-
nz
nding to the proton and to the neutron ;

d‘_"p2 o .dzp
dr = —2% "% js the phase volume of n-1 final particles ,
2E_....2E .
2 n
o D, and E,, (B are its momenta and energies; note

that p, and E are the momentum and the energy of the
registered particles. 7
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Consider now the fragmentation type processes of
deuteron when it is emitted forward in the 1.s. or backward
in the rest frame of deuteron. In the general case we must take
as the deuteron wave function the relativistic one and the
reaction mechanism must be taken into account, i.e., it is
necessary to take into account the nonspectator graphs.

We will analyse the discussed processes in the infinite
momentum frame (IMF), using Karmanov’s relativisation
method of d.w.f. Then we will consider our processes in the
frame of the old perturbative theory (OPTh) instead of
Feynman’s covariant formalism, because each Feynman graph of
o™ order is equivalent to n! time —ordered graphs of OPTh
and many of them vanish in IMF. The possible graphs which
give the considerable contribution to the observed values of
reactions discussed are presented in fig.1. According to
refs. of A.Kohush}:_inf”/ V.Karmanov’ ° and others”?_w/,w.f.d.
'Il(x,kt) is related to the nonrelativistic w.f.d. Qn .
depending on the relativistic invariant variable k?

m® + k2
t

/4
_ 2
¥ kil = [Tm)—] Yo SF T (2)
where k* = (n® + k? )/(4x(1-x))-n>
In the spectator mechanism when the pole graph of fig.1la

is taken into account, the expression for Tos has the
following simple form

2

vE - ¥
Ty = - 022 2z ! (3)
VZ('ED +~112)

where 'Ilo i !rz are the parts of the w.f.d. related to the
nonrelativistic S- and D- waves of Qn'r_
If all graphs of fig.1 are taken into account, then the
expression of Tz‘J has a more complex form.
The calculation results of T,, are presented in fig.2.
Curves in this figure mean the following : 1 4is the
contribution of the spectator mechanism (fig, 1la); 2 is the

contribution of the figs.1(a—c) graphs; 3 is the calculation
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Fig.1. Some graphs of the dp—pX process.

dP—=PX 8p=0" Py=9(Gevsc)

0 02 03 04 O5 05 07 OB 09 10 KiGeve)

0085 018 025 032 037 (%2 045 (49 052 054 qiGeve)
055 05 0F5 09 73 077 0B QB2 0BS 086 X

Fig.2. Dependence of T, on k,q,x. Curves: 1— contribution of

the spectator mechanism, fig.la; 2 — contribution of

i : s21s
fig.1{a-c) graphs, 3— calculation result from ; 4 —

T, With the complex 6g-compcnent included in the

deuteron (see ref.’g’); 5 — full contribution of

fig.1(a—e); experimental data: A ., = — from”
722/

* — from y

221



result of M. Braun and M. Tokarev/zu(Gross‘s relativisation
F20/
nmethod

calculation result when the complex six — quark component of

of d.w.f.) in the spectator mechanism; 4 is the

deuteron is introduced; experimental data were taken from
refs, "2/

These results allow us to make the following
conclusions. It is just incorrect to use the spectator
mechanism, i.e.,fig.la graph, for the analysis of the
deuteron stripping reactions. As very clearly shown in fig.2,
it is necessary to take into account the nonspectator type
graphs of fig.l at 0.15 = q = 0.45(Gev,/c) or 0.2 = k = 0.7
(Gev./c).As shown in fig.2, the deuteron tensor component. T20
is very sensitive to relativistic effects in deuteron

different relativisation methods yield different T2°
behaviour at g = 0.45(Gev./c) or k = 0.7 (Gev./c). In order
to describe the experimental data of T it is necessary to
introduce the complex six-quark (6q) admixture in the d.w.f.:
\I'd(x) = wl\la{x) + oW, A{x)exp(i¢) , where W, are parameters
related to the probability value of the non-nucleon state
existence in the deuteron, A(X) is the non—nucleon admixture
of d.w.f. here the 6g-state in deuteron is calculated

A2 ¢ = 110° However according to

according to our ref.
standard quantum mechanics including only the N-N line in
Fok's column, this complexity in d.w.f. results in
T-invariance violation. The discrepancy between calculated
curve 5 and experimental data at g > 0.45{Gev./c) or k >
0.7(Gev./c) (x>0.8) can‘t be a direct indication of the
6g-state existence in the deuteron because of its complexity.
The theory does not describe the experimental data of T,, at
g = 0.45(Gev./c) or k = 0.7(Gev./c). Therefore the
experimental investigation of ‘I‘20 at large 'k is very
interesting because it can help to verify of different
theoretical models of relativisation of d.w.f., and this
investigation is necessary for the development of our idea

about the deuteron structure at small N-N distances.
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ITI. Tensor polarization T,, and dibaryor problem

Consider now the relation of polarization phenomena and
the problem of the possible existence of dibaryons. Recently
new interesting experimental data about the tensor
polarization components as functions of the effective mass of
two protons produced in dp —— ppX were published in ref.”™
In particular, an interesting phenomenon was observed in this
ref.: small oscillations of Tzo(mpp) at m, = 1.94—1.96
(Gev.). Therefore the guestion arises, what is a cause of
such behaviour of T,,- Here we will present the calculation
results of Tzo as the function of L

Consider the process dp——ppX when two protons are

emitted at ¢ = Oﬂ, the effective masses m < 2.0{Gev.) as in

the experiment of ref.”™ Under such kinematic
conditions the main mechanism involved is the
charge exchange, with X = (on’,pr, or A°) 7 For

simplicity we can consider this d-p process when three
particles are produced: two protons and a particle with a
mass m . )

If we are interested in the dependence of the
observables in dp——ppX on the effective mass of two protons
m then the relation between the m - distribution of this
value and the amplitude ¥, can be written for example for
dcr/dmpi in the following form

3 3
do - 1 _[ &'p, d7p,, 5 (p § p, o p s
dm? (2m)® 1 2B 2B, & 4 .
PP dN
d’p,a’ P, +
-p,) [ — sV p+p ) se(p 7). (4)

where Iau is the invariant stream of the initial
particles, for example in the rest frame of deuteron
L= md]E:n|; m, and f)?n are the deuteron mass and the
three—momentum of the initial proton respectively ; p, and E
are the three—momentum and the energy of a particle X with

223



the effective mass m ; P,y P, and Ez' E, are the

three-momenta of two protons and their energies respectively,
P, + P, P,y P, are the four momenta of particles mentioned
2

2 2
abowv E = +
OVE 23 pza mpp

in

2

A similar expression for Tzoda/dmpp can be written

3 3
d"p,d’p

do 1 J‘ 1 23 (a)
T = SETHD. L Dy Py e PR
20 o 2 (Zn)EI 2E12E23 in d 1 23

PP dN
dap dsp
2 3 (4) +

J 2E2 ZE3 5 (pz ¥ Py pzs)Sp(pngd on?d) (3)

After some integrations in (2) and (3) we can get a simpler
formula for Tzo:

+
J- SP{Ry%s ﬂzugd)padu/(EzEzz) (6)
20~ +
J- Sp(p{)?d S‘d)padu/(EzEzs)
where u = { E_- El)2 — {ﬁn - ]_:Tl’z} is the transfer from

the initial proton to the particle X (N m).

Consider now the mechanism of the reaction discussed
Under the above kinematic conditions (mpps?..G{Gev.)) the
values of the final proton momenta are not large, less than
0.2{(Gev./c). But, as it was shown above, the spectator
mechanism gives the main contribution to T, in the inclusive
reaction dp——pX at these proton momenta. In our case there
is an integral over du or over the momentum of one of the two
protons. Therefore we can calculate Too in the frame of the
spectator mechanism but taking into account the Pauli's
principle and the final state interaction of two protons.

Now we note that the reaction dp——(pp)n was considered
in detail in ref.”*® when mpp is very small (mpp < 1.9(Gev.))
Tt was shown that the main mechanism in this case is the
np—pn charge—exchange process. But we will consider the
pd—ppX reaction at larger m . i.e., mpp > 1.9 (GevV./c);
however we will also take into account the Pauli’s principle
in the triplet state of two protons as in ref.’“l, and the
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final state interaction of these protons in the 180— state.
Then the amplitude of our process in the impulse
approximation can be of the following form:

?‘51): fpn [_\71? (§(p3) - g}(pZ)PnD +¢FSI] ' ik

where fpn is the amplitude of the Process pn-—Xp; ® is the
deuteron wave function ; Pnp =SF —PF_ = (1L- E: 5‘_:)/2 is the
exchange operator of spins of the proton and the neutron; P_ =

1 —6_: F:)/4 is the singlet projection Operator, @FSI is tlsle
contribution of the final state interaction (FSI) of two
protons. Since we have no information about the spin
dependence of the amplitude of the pn—¥p reaction we neglect

it and get the following formula for T,

de B, o4
. — 2 gl o
- =J du [ i - N o FIF‘SI] :

+ (8)

20 do'pn i o p, du
I du [ 9"+ ¥t FZFSI] E, + E|

where dcrpn/du is the differential cross section of the
processes pn—Xp (X =N n); ¥, = (e (p,) — $,(p,))/V' 2 ang
¥ =(3,(p,) - e.(p )}V 2z ; 8, ®, are the S— and D-wave of

the deuteron wave function &; Flrat Frg Aare some
expressions taking into account the FSI of two protons in the
150 — sState, which are presented below. In the calculation of

Tzo using (7) we took the fit of dapn/du from ref. %%/

The contribution of FSI was calculated in the approach
of the effective radius,the expressions for FIFSI and ]5‘ZFSI
are the following :

g 1
F =(2¢I—QI)—~L+%{ZII—|112),
1FSI AN 22 g2+k2 gz +k2 oz 2

s
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2 2 2 2
FZFSI ((iﬂlﬂ # Qzlz)gs + IID, + IIzl }/(gS + e )'

where k = (pz - pz)/z i

I, = [ 2 (00655 ) -4, 8 T hyary

ot¥z r

L= [ 8,0, 5 T - 3,87 F)ar ;

here jo(? 7 and jz(‘p_) T’) are the zero order and second
order cylindric functions respectively;
1 1

g, = - bk r k* ; ag = — 7.822(fm.); r, = 2.839fm.);

the values of a and I, are taken from ref. 7284

The calculatlon results of T (m ) in the frame of the
approach mentioned above are presented in fig.3. The solid
curve is the calculated T, when the Paris wave function 7%/
is taken as the deuteron wave function (d.w.f.); the dashed
cne corresponds to the d.w.f. of type “*®7 It is seen from
these results that our calculation of T does not give the
oscillations in the behaviour of T,, at m; =1.94—1.96 (GeV.),
which were observed in the experlment G ref M,

IY.Polarization transfer in dp—pX

Consider now another interesting polarization
characteristic: the polarization of final protons P’ when the
initial deuteron has the wvector polarization P or the so-
called polarization transfer « = P'/P. The general expression
for the polarization of final protons produced in +the
inclusive deuteron fragmentation reaction dp—pX has the
following form™
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M oD (GGV‘)

Fig.3. Dependence of Tza on mDP in dp—ppX reaction. Solid

- i s = /285
curve is the calculation using Paris d.w.f. .

Experimental data — from ref.”"™,

08 07 qiGeVrc)
= = e

040, 023 037 056 083 136 65 KiGeW/c)

—— T ———
053 062 08 075 083 O3t 09 X

Fig.4. Dependence of the polarization transfer k in the dp—pX
reaction on gq,k,x. Curves:l— contribution of the
spectator mechanism, fig.la; 2 — full contribution of
fig.1l{a—e). Experimental data; + — from ref./sw,

r3Ls
+‘from ref.”?.
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— j Sp(pd?d+ 7 ﬁﬁﬁd}dr

P’ —
[ setoe, 24 ar

' (9)

where p, is the density matrix of the polarized deuteron in

the rest frame p,=1/3 B (L+3/2 2 5 — 1/2p {3S - 2)),
here = (34 oo }/4 is the pro;ectlon operator of the
&euteron trlplet state 5 (U + )/2 5 =

(an + qﬁ]/z, Py is the alignment of the 1n1t1al deuteron.
In the spectator mechanism we have the following simple
expression for k

.. -Ircz(k) e 717 ¥ (k)T (k) — w;(k) _ _—

(%,° (k) + 2,%(k)) (1 - p, 7, )

/17,30 7
r

When P,y = 0, as in ref we have from (9)

1 9
T — - (11)
2v 2 20 4((‘1,0/‘%)2 & 9

This expression has a more complicated form if all graphs of
fig.1l are taken into account’®®’

The calculation results of k and the corresponding
experimental data , obtained in Dubna by the group "alpha" at
P, = 9{Gev, /c), are presented in fig.4. It is seen from this
fig. that the polarization transfer is more sensitive to the
reaction mechanism at 0.2 =q=0.5(Gev./c) or
-2 =k =.8(Gev./c), i.e. the nonspectator. graphs give a
larger contribution to « larger than in the case of T
consideration. We note that our calculation result (see the
curve 2 in fig.4) was got obtained before the latest
experimental data™%r%'’ . as seen from fig.4 there is not
exXperimental information about K at large q
(g > 0.3(Gev./c)), k or x. Therefore it is interesting to
measure the transfer polarization at large g, k, x, in order
to obtain fuller information about the polarlzatlon phenomena
at small N-N distances.
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Conclusion

Now we will make the conclusion about the prcblem
discussed. The investigation of fragmentation processes of
deuteron can give really new information about the deuterocon
structure. However it is necessary to take intc account the
mechanism of the fragmentation reaction. It 1is especially
important in the kinematic region corresponding to mean N-N
distances L.y’ 88 shown in fig.2, at g = .4(Gev./c) or
T B 0.5 (fm.). The relativistic effects in the deuteron are
very important at larger g or smaller v That is well seen
from the analysis of the tensor polarization deuteron
component Tzu as the function of g,k, or x.

The infestigation of another polarization
characteristic, transfer polarization k, showed that (see
fig.4) it is very sensitve (mcre than Tzo) to the reaction
mechanism especially at 0.3 =k =40.8 {Gev./c) or
0.2 sg=0.5(Gev./c), which corresponds to the middle N-N
distances T - Joint analysis of Ty and k in the
fragmentation deuteron reaction dN—pX can give fuller
information about the dynamic reaction and the deuteron
structure at small N-N distances. Therefore it is very
interesting to have the experimental information about k at
large k (k= 0.5(Gev,/¢c)) or g = 0.3(Gev./c).

The investigation of Tzo in the dp—ppX reaction as the
function of mpp can give nontrivial information about the
possible existence of dibaryon resonances as the fig.3 showes
Therefore it is interesting to measure Tzo(mpp) in a large
interval of mpp in order to try to find the resonances at
mgpzz.O(Gev.). -

In the conclusion I would 1like to thank L.Dachno,
V.Karmanov, B.Kuhn, C.Perdrisat, E.Strakovsky, L.Strunov,
I.8itnik, V.Sharov. B. Tatischeff, M.Tckarev, A.Zarubin,
L.Zolin for usefull advice and discussions and especialy
S.Shimanskiy for the help in the calculations.
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ELASTIC BACEWARD pD-SCATTERING AND BREAKDOWN OF DEUTERON BY
PROTONS IN A -RESONANCE REGION

Uzikov Yu.N.
Kazakh State University, Department of Physics, Timiryazev gtr.
46, Alma-Ata 480121, Kazakhsten

Two attractive physical ideas are cormected with the study
of pD-*Dp process at ~1 GeV energies, nemely, the D.P.Blokhin—
tsev's hypothesis of the nuclear density fluctuations /1/ and
a lateressumption of the excitation of three-baryon resonance/2/.
Both ideas are quite natural from the standpoint of quark presen-
tations, and their development is continued in nuclear physics.
However, as it is shown by further analysis /3,4/, the main cont-
ribvution to the cross-section of PR ->Dp process at 0.5-1.5 GeV
energies is made by less ‘exotic mechanisms, i.e. by double scat-
tering with A -isobar exitation and by ocme-nucleon exchange (ONE)
with a very small contribution of single scattering (SS) (See
Fig.1.).

The contribution of A -mechanism to the coherent sum of ONE+
A +55 was tested in /4,5/ on the basis of description of the da-
ta of pp-»pnf reaction in the same kinematic A -resonance re-
gion at T=0.8 GeV energy in the approximation of one-meson ex-—
change. It was found &s a result that the parametrizations of
NN NA amplitudes used earlier /2,3/ in the description of back-
ward pD-scattering, overestimate by a factor of 1.5=-2
the contribution of A-isobar, and in /2/ it also distorts con—
siderably its energy dependence. A new perametrization of
NNz N4 amplitude was built in /5/ and it agrees with the dats
on pp-apn'ﬁ'*' reaction. Cealculations with the revised A -paramet-
rization in the ONE+A 458 model using the Paris wave function
of the deuteron, show that the agreement with the deta on pD=>
Dp process cross-section becomes better to be compared with
the results of /2/ (See Fig.2). In this case the expected con-
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Fig.1. Mechanisms of elesgtic backward pD-scattering
(see, the text),

tribution of exotic mechanisms of three-baryon resonance type
sharply decreases. The overall increase of the calculated cross-
section at a relative decrease of the A -mechanism contribution
is delicate by nature and is due to the constructive character
of the interference of the renewed A -amplitude with ONE ampli-
tude to be compared with /2/. Nevertheless, the discrepancy
with the data on differential cross section remains (Fig.2?) and
its value is more appreciable than it follows from Ref./3/. Thus
in the region of T=0.75 GeV initial energy where the prediction
of A -mechanism is the most reliable due to the fact that A -iso-
bar is present on the mass shell, the model underestimates the
cross-section by a factor of ~2. There also remains the problem
of the description of tenzor polarization T20.
In the present work there has been calculated the contribu-
tion of the exchange by N!(1/2+) and N’(1/2_} isobars to the co-
herent sum of A +ONE+ON*E+SS. The component NN® is present in
the deuteron due to the quark S4p2 configuration. However, if
one agsumes that the main nucleon state has S3 quark configura-
tion, while P-o0dd and P-even N* states have S°P and Schonfigu—
rations respectively, then, according to /6/ the weight of nNy*
component in the deuteron is less then 0.5%. In this case, wave
functions of the relative NN* motion have an oscillatory f: -m
of‘Pos(k) and \P1p(k) for 1/2% and 1/2 states regpectively with
the gscillator parameter b=0.55 fm. Our calculations in the re-
lativistic Hamiltonian dynamice show the contribution of ™* ex-
change to the cross-gsection of pD - Pp process to be 2-3 qrders
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Fig.2. Differential cross-section of the elastic backward
pD-scattering at e c.m.=1800 as a function of the initial
energy.

Curves: 1 - ONE+ A+SS calculation with an account of

the off-ghell behaviour of A -isobar; 2 - the game without
an account of A —off-shell behaviour /4/3; 3 - ONE (Paris);
4 - ONE with MU wave function of deuteron /8/; 5 - ONE,
MU+(OS)6. Data (4#0) from /11/. Arrows show the energy

r.angelwhere the parametrization of NN-NA amplitude was fixed

according to data on ppspn?® reaction /5/.
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|
Fig.3. The dominating mechanism of }P?( So)
p+D»n(180°)+pp(0°) reaction at o
e 1
Dppe} lleV.

Fig.4. Cross-section for the reac- g I& _
tion p+d-=>n+(pp) at @Gm=‘!80O and E
Epp=3 eV &g a2 function of the pro- r 1'00
ton initial lab.energy T . Curves: f.;
1 - the Amechanism; 2 - single = »
scattering (55); 3 - one-nucleon ! 10
exchange (ONE); 4 - the coherent sum g:
A +0FE+SS. &0 162
&
% 162
B

] ] 1
0.2 0.6 1.0 1.4
Tp,GeV

lower than the contribution of the exchange by a neutron in the
energy region under discussion.

This result agrees with that obitained earlier /7/ from the
isotepic relations for (p,pD) and (p,nD) reactions on 6’711 nuc-~
lei by the conclusion that in the elastic backward pD-scattering
the exchange of a neutron or H* isobar with T=1/2 ig not domina-
ting in TO=O.70GeV energy region. Therefore, the disc;epancy bet
ween the ONE+ A +5S model and the experimental data cannot be re-
moved by further modification of the spatial part of the deuteron
wave function and is most probably due to the contribution of
other mechanisms, the excitation of W# isobars,in the doublse

scattering in particular.
Outgide the A -regomance region (T, >1.0 GeV) the contribuiion

of ONE mechanism ig considerable. Here we have showm high sensi-
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tivity of the process cross-section to the form of the deuteron
wave function in the case of the Moscow University potential /8/.
According to /9/, NN-potential /8/ with the forbidden state
corresponds to the account of only S&pg configuration of deute-
ron and does not contain the contribution of (OSJ6 configura-
tion. The (08)6 configuration enters the total wave function of
deuteron with the weight of 3% and an opposite sign with respect
to 5492. Ag it is seen from Fig.2, the crogs-section of pD-Dp
process clearly geparates S4p2 and S4p2+(OS)6 approximations in
favour of the latter.

On the whole, the ONE+A +5S5 model seems to be rather reliable
in the energy range under discussion. Due tc a nontrivial effect
of A +ONE interference, this model provides an independent proof
of the validity of the available ideas of both the momentum n-p
digtribution in the deuteron in q¢0.5 GeV/c region and the "soft"
nature of U NN-, $NN-, 71 NA-, gNA- (with cut-off parameters of

0.5-0.7 GeV/c) form-factors.

The modified variant of ONE+A +SS model has been built by us
for prediction of characterigtics of p+D=n(180°)+pp(0°) resc—
tion at & low relative energy of pp-pair, E__<£ 3 MeV, in the same
region of initial energies /10/. Below we quote main results of
this work.

1. Under these kinematic conditiong, pp-pair is formed main-
1y in,1so—state. The contribution of P-, D-waves to the cross—
section are suppressed by factor of 1072-10"2 because of the
centrifuginal barrier. (On the contrary, the admixture of 3D
state in the deuteron is created by tenzor forces).

2. The A -contribution is negligible to be compared with the
spectator mechanism of ONE (Fig.3) due to isotopic spin rela-
tions. The suppression of the A -contribution with all the theo-
retical difficulties of its description makes the resction more
attractive. than the backward elastic pD scattering with respect

1

to the investigation of ghort-range NN-interaction.

3. The spectator mechanism dominates very strongly. As a re-
sult, the cross-section of this reaction measures with good accu-
racy the production

W@? + W2t (2,1 K

and the tenzor analyzing power T20 is determined by the deuteron
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structure only

I8 u(a)vi(g) -~ W(c)2
20 T uf(@)+¥5a)

4. The half-off-shell t-matrix t_{(g,k__) is the same wvalue as
the S-wave vertex of the deuteron by its mathematical and phys-—
ical nature: [ (Dapin)= —(E+q2/m)u(q). In particular, the t_ (q,
k )-matrixz has the same node as the u(q) wave function atpp
q=0.4 GeV caused by repulsive core in the Somstate of the NN-in-
teraction.

5. The above-mentioned node takes place both the cross-sec-
tion as & deep minimum (SeeFig.4) and in the feature of Tyg-

The Coulomb effects enhance these features in polarization cha-
reacteristics.

6. The chammel p + D =» p(180°) + np{(0°) at EnanB MeV is not
go interesting because of large 38,1—-31).i state contribution. In
the np-peir the singlet 1so—state dominates over the triplet
BSFBDist&te only at lower energies Epﬁé 50 keV and above-men-
tioned features (1-5) take place again.

These theoretical predictlons for the reaction under discus-
sion have been obtained by apparent modification of the well-es—
tablished -theoretical approzch to the description of pD->Dp pro-
cess in the same kinematic region and points to & necessity of
experimental study of this reaction.
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INFORMATION ON DEUTERON STRUCTURE FROM 7d INTERACTIONS

E. T. Boschitz
Institut fiir Experimentelle Kernphysik, Universitit Karlsruhe,
7500 Karlsruhe, Federal Republic of Germany

In spite of the fact that during the past twenty years substantial progress has been achieved in the
understanding of the ZVN system, the interaction of pions with deuterons still presents a reai challenge to
few-body theorists. There are many open questions regarding the reaction mechanism, and for this reason
I believe it is premature to use m interactions for extracting reliable information on the structure of the
deuteron.

In order to justify my pessimism I like to give a brief “historic” account of the theoretical
developments which took place (many based on the very active interplay between theory and
experiment), and show the problems which still exist. For details, I refer you to the excellent reviews by
Garcilazo and Mizutani in a journal article V and a monograph 2, As indicated by the arrow on the d in
the title of my talk ¥ shall focus mainly on what we have learnt from polarization measurements.

For the research program of our group, a milestone was set by the rapporteur”s talk of Thomas 3 at
the International Conference on Few Body Systems and Nuclear Forces in Graz in 1978, I shall explain:

Before 1978, early theoretical approaches based on the Glauber eikonal approximation or Watson
multiple scattering series had matured into theories based on the Faddeev approach with the hope of
obtaining an exact solution for the nd system. After the pioneering work of Petrov and Peresypkin 9,
Thomas and Afnan % and Myhrer and Koltun ®, Thomas 7 successfully described the nd elastic cross
section data at 48 MeV by including spin and isospin, the deuteron D-state and relativistic kinematics (for
the pion) in his three-body calculation. Then, Rinat and Thomas ® extended this calculation in order to
describe early data in. the region of the A - resonance. At the time of the Conference in Graz effects of
different two-body inputs in the scattering theory was investigated by two groups. With considerable
effort the Lyon ® and the Rehovot group 19 included all s and p-wave ;¥ channels in their theories, while
before P,; dominance was assumed. Actually, in view of the weakness of the xN interaction in all but the
Py, channel this should not have been necessary. However, large effects were observed for the
polarization observable iT,,, but only small ones for 1'2";, the tensor polarization of the recoil deuteron,
when the small =V waves were included.

The interest in the tensor polarization dates back to the suggestion of Gibbs ! that one might be
able to delermine Pp, the D-state probability of the deuteron, from a measurement of o> at 180°. The
new calculations from the Lyon  group confirmed the suggestion of Gibbs, however, looking closer at
their prediction the situation for measuring Pp, was not promising. The curve of r';;(ISD") versus P, was
quite flat beyond 4%, which is the interesting region. Nevertheless, it was suggested that information
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about the angle and encrgy dependence of (o would be extremely valuzble in sorting out the theory. 1
will come back to this.

The predictions for polarization cbservables presented at the Graz conference, iriggered our
research program on the systematic investigation of the spin dependence in =d elastic scaltering, and the
=d breakup and absorption reactions, which has lasted until now. Qur very first (and very crude) data
points on iT,,in 7d scattering '? already demonstrated the need for including the small oV waves,
invalidating the P,; dominance in some calculations. Many more iT,, data were taken by our group in the
following years with increasingly better precision '®. The same was done for the differential cross
sections in the A-region 4. During these years the relativistic three-body (heories were also steadily
refined to a high degree of sophistications.

When comparing theoretical predictions with the large body of data accumulated for the differential
cross section-and the vector analyzing power systematic discrepancies were observed in comparison (o all
theories. This persistent failure to reproduce the data was considered to be an indication for important
reaction dynamics being missing in the calculations. For a short time there were attempts 1o explain the
discrepancies by contributions from dibaryon resonances !9, however the ad-hoc addition of such
amplitudes 1o the ones from the three-body theories did not solve the problem.

Then, Ferreira et al 19 tried to explain the discrepancies in term of a residual NA interaction which
is not contained in the standard three-body description obtained from the relativistic Faddeev theory.
They constructed an NA model, the amplitudes of which were added to the Faddeev amplitudes. Since it
was not known beforehand which of the parameters of the NA interaction would prove to be relevant,
they were treated as free parameters, and were determined from fitting all available data on the total cross
section, the differential cross section and the vector analyzing power. From these fits it was shown that
only two NA states with lowest angular momentum, 58, and 5P;, gave important contributions. With
those, remarkable agreement with the data was achieved. From more precise iT), data, taken recently, in
fact, an additional contribution from the 35, NA interaction was extracted 7, and there was hope (o learn
something about the NA spin-spin interaction. However, these results from Ferreira et al. were obtained
in calculations where the phenomenological NA interaction was added in Bern term te the background
few-body amplitudes. Recently, Alexandrou and Blankleider '®, and Garcilazo ® (see Fig. 1)
investigated the effect of including such an NA interaction to all orders, within a unitary few body
calculation of the TNN system. It was found that the higher order NA interaction terms have as much
influence on the td observables as the lowest order term, and, in fact, tend to cancel the effects obtained
by adding the NA interaction in Bom term. This, unfortunately, invalidates the conclusions of Ferreira el
al., and leaves us with the question of the origin of the large discrepancies between theery and
experiment.

About the same time when the veclor analyzing power iT,, was measured at SIN, the tensor
polarization £ was measured at LAMPF 29 This observable had a considerable impact on the
understanding of the TNN system. Namely, in the course of developing an unified theory of the NN-tNN
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FIG. 1. The effects of the residual NA interaction FIG. 2. Experimental.results for T,, compared

in the ad elastic vector analyzing power iT,,. The with theoretical predictions from Garcilazo (solid
solid lines are the results without NA interaction, the line), Hannover (dotted line), Flinders (dashed line),
short-dashed lines are the first-order results within ;g Lyon (dot-dashed line).

the Ferreira et al. model, the long-dashed lines are

the first-order results within the separable model,

and the dotted lines are the results of including the

NA interaction to all orders within the separable

model The experimental data are from Ottermann et

al. (Ref. 25,

system the pion elastic scattering channel had to be coupled to the pion absorption channel via the P,, iV
amplitude. Field theoretical considerations 2122) lead to a model in which this amplitude was split into a
"pole” and a "non-pole” part, both of which were large, the sum, however, had to be small because of the
on-shell behavior of the Py, #N amplitude up to 300 MeV. I now came as 2 surprise that this new
improved version of the Faddeev approach disagreed markedly with the l'z': data while the standard three-
bady theory which either neglected = absorption at all, or kept the individual "pole” and "non-pc-)le" terms
small, agreed quite well. This "P,, puzzle" presented an interesting problem. As pointed out by Afnan
and McLeod 2 it arises because in 7 scatiering, in the intermediate state, the pole term is Pauli blocked
for certain partial waves and the tensor polarization Ly turns out 1o be very sensitive to the exact way in
which the P,; 7N t-matrix is split.
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In order to clarify this problem it was considercd interesting to trace this sensitivity to specific
helicity amplitudes, and from there to cestain partial waves. Unfortunately, the tensor Polarization (g is
not a very suitable observable because it is a linear combination of the c.m. observables Ty, T,y and To,,
the individual contributions of which vary with scattering angle. Therefore, it is difficult 10 know exactly
which observable is most sensitive to the theoretical treatment of the P, channel. -

A few years ago, after considerable effort, tensor polarized deuteron targets suitable for md
scattering became available. This enabled the Karlsruhe-SIN-TRIUMF collaberation to starl a program at
TRIUMF and at SIN to measure the tensor analyzing power Ty, T, and T, at five energies in the region
of the (3,3) resonance. The measurements are quite difficult because the target polarization is rather low,
and different orientations of the target quantization axis in respect to the direction of the incident pion
beam must be applied. From these measurements of Ty, Ty and Ty, 2429, it became clear that Ty is the
most sensitive observable and the P;, effects are most pronounced towards 180° (see Fig. 2). Since the
first two of the feur helicity amplitudes A, B, C, D (for the notation see Ref. 26) vanish at 180° the tensor
observable T,, reduces to

" CP- IDP
T2(180°) =\2 31651 IpE -

The fact that experimentally T,,(180°) is close to its theoretical lower limit (~J2) at some energies,
means that ICP << [DI2 . This is also the prediction of theories with small contributions from the pole and
non-pole parts of the P;; ¥ amplitude. On the other hand, theories with large contributions have ICP =
IDE . Therefore, at 180°, we trace the P, problem to the helicity amplitude C. The effects of the Py,
channel modify mainly the J=0 and J=1 partial waves, and, since the J=0 partial wave does not centribute
to C (angular momentum selection rules) ail the large effects seen at 180° are almost exclusively due to
the J=1* partial wave in C. This result was confirmed by a mode! dependent amplitude analysis ),

A possible solution of the P;, problem was suggested by Jennings 2. He observed that, in the
impulse part of the xd amplitude, the Pauli exchange term to the contribution coming from the P,, pole
part appears to be compensated to a large extent by a cereain diagram with a four particle intermediate

state: the initial pion is absorbed by one nucleon before the second nucleon emits the final pion. Jennings
and Rinat 2 then added this contribution to the amplitude from the NN-mNN model to show that, in fact,
this observation was adequate (see Fig. 3). In a more precise calculation including the self-energy of the
pion for the propagating two-nucleon state (with no pion) it has been shown by Mizutani et al 3% that the
degree of the near cancellation is not as good as claimed by Jennings, and there is an imaginary part
which is larger than the reduced real part. but the fact remains that the four-particle process is important
and not 1o be neglected. Therefore, what one apparently has learnt from this P, problem is the
incompleteness of the NN-NN model once contained within the two- and three- particle states: it should
also include four particle NN states. At this point, I like to quote conclusions drawn by Blankleider in a
recent review talk 31;
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"There appears to be essentially two possibilities: either we have not yet included "the” mechanism,
in which case further heroic calculations probably cannot be avoided; or we are simply doing the whole
problem using "the wrong expansion” - including progressively more pions in intermediate state may not
be the most convergent way to sum the series."

In addition to the NA and T,, problems, mentioned, there are many others which so far have hardly
been investigated, for example, off-shell effects which are very important in the case of the td — PP
reaction 2. Now you understand the pessimism which I expressed at the beginning of my talk.

Nevertheless, forgetting about a detailed comparison between theory and experiment for the time
being, one may perform model calculations in order to study the sensitivity of the various md observables
to the properties of the deuteron. I want 1o show the results of such a study.

By now, a large number of deuteron wave functions exist for calculating various phenomena which
include the deuteron. Yet, calculations which uwse these different wave functions tend to yield
inconclusive results, with respect to questions of radial distribution and percentage D-state. This is
because the wave functions may originate from different phenomenological or theoretical schemes and
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are not designed to differentiate in terms of the two properties mentioned. For this reason, Certov,
Mathelitsch -3 and Moravesik constructed model wave functions for the deuteron to facilitate the
unambiguous exploration of dependencies on the percentage D-state and on the smali-, mediuvm-, and
farge-distance parts of the. deuteron wave function. The wave functions were constrained by those

- deuteron properties which are accurately known experimentally, the S-state normalization Ag, the D to §

asymptotic ration 7, the quadrupole moment and the charge radius.

These model wave functions were applied by Garcilazo and Mathelitsch 3% to calculate the
observables in 7d elastic scattering within the Faddeev theory of Garcilazo. In Fig. 4 and 5 some typical
results are shown for pion bombarding energy of 256 MeV. The notation of the wave functions for the S
and D siate are u % and w:i’:z, where P}, indicates the D-state probability in percent: R stands for the
range in which the S-state wave function is varied. A means that the wave function is varied within 3 fm,
B means-that the variation is aliowed only within 1,5 fm. The subscripts L, M-and S indicate that in the
specific regions (R, and R,) the §-state wave fupction is large; medium, or small. In the case of A R,

Tx =256 MeV

o 4
-
.6
8
.0
22

=g g e T

0 50 100 150 o s 100 150
© 3]
EIG. 4. Sensitivity of the deuteron structure to the FIG. 5. Sensitivity of the deuteron structure to the

d elastic vector analyzing power iT,,. Upper part,  nd elastic tensor analyzing power Ty Upper part,
sensitivity to the percentage D-state. Lower part,  sensitivity to the percentage D-state. Lower part,
sensitivity to the radial form. The curves are from  sensitivity to the radial form. The curves are from
Garcilazo and Mathelitsch, Ref. 33, the datz from  Garcilazo and Mathelitsch, Ref. 33, the data from
Ref. 25. Ref. 25,
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covers the region from 0 10 1.5 fm and R, from 1.5 to 3 fm. The nomenclature L, M and § is, of course,
arbitrary. The guide line has been, to call the Paris S-state wavefunction mediom for P,=6%.

From this model calculation, it was found that variations within 1.5 fm (case B) show no
appreciable sensitivity, ie. pions of this energy do not explore this region of the wave function.
Variations within 3 fm (case A), on the other hand, show that the cross section at large angles is sensitive
to both, the D-state probability and the radial form. The same is true for iTy, (see Fig. 4). Interesting
enough T,, is not sensitive to the D-state probability, but sensitive to the radial form (see Fig. 5). The
comparison with the data should no be taken serious, according to what has been said before.
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FIG. 6. The effect of the deuteron D state on the FIG. 7. Effect of the deuteron D-state on iT,,.

md brezkup cross sections. The solid curve The solid curve corresponds to the calculation with

represents Garcilazo’s prediction with D-state, the  p gaie The dashed curve when the D-state is
dashed curve without D-state. More realistic neglected.

variations between 4.25% D-state (Bonn potential)

and 5.8% (Paris potential) show differences too

small o be seen in the figure.
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So far, I have only discussed md elastic scattering. Let me show you some results on the sud breakup
reaction, Some years ago, our group has studied the ©*d — w*pn reaction in a kinematically compleic
experiment, covering a fairly large region of phase space 39, Since the gross features of the =d breakup
reaction are dominated by the deuteron wave function it was interesting to sce the cffccts of the D-state
or the cross sections and the vector analyzing power. It Fig. & the extteme case is shown when the D-
state is completely neglected. The comparison with the calculation when the D-slate is included shows
that the effect is sizable only in the np final state interaction region. It is smallest when the relative
proton-neutron momentum approaches 2 minimum. A more realistic comparison of the different D-state
components was achieved by comparing the Paris poiential with the Bonn potential as NN input in
Garcilazos calculation, While the D-staie component in the Paris potential amounts to 5.8%, it is only
4.25% in the Bonn potential. The theoretical predictions for thesc two cases show essentiaily no
difference. In Fig. 7 the effects of the D-state on the vector analyzing power is shown. As ong woutd
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expect there are no differences in the region of quasifree #p scattering which is around 450 Mev/c proton
momentum. This kinematical region cannot sample the D-state component, Differences are seen
however, in the np final state interaction region and at higher proton momenta. Similar to the cross
section the differences between the Paris and the Bonn potential are hardly recognizable.

Some years ago an inclusive measurement of the 7d breakup has been performed at SIN 36,
Excitation functions were measured for the reaction n¥d — pX for a fixed proton angle (90°), and several
fixed proton momentd. The experiment was motivated by the search for a dibaryon resonance of mass
2.23 GeVic?. This was not found, but interesfing results were obtained regarding the sensitivity of the
data to the D-state component, within the model of Laget *D. In Fig. 8 and Fig. ¢ two Bonn potentials are
compared, with 6.6% D-state (HM1) and 4.5% D-state (HM2), The cross section (as a function of the
pion energy) has two components depending on the role of the detected proton. The first one, at the
lowest incident pion energy, corresponds 10 a proton resonating with the outgoing pion. The most
probable configuration occurs when the undetected spectator neuiron has the lowest kinematically
allowed momenturm, in the range of 150-250 Mev/c for this experiment. There, the wave function is well
known. The component gives a small contribution for z—. The second component, at higher pion energies,
is obtained when the detected proton is the spectator, and the two undetected particles are resonating, The
momentum envolved is then higher (280-400 MeV/c) and the cross section is sensitive to the large
momentum components, expeciallly the D-state admixture. The %~ cross section is strongly dominated by
this process. While the = induced breakup cross sections clearly prefer the smaller percentage D-state
compenent (HM2), it is not so clear in the case of the 1 induced breakup.

Like in the case of =d elastic scattering, the wd breakup reaction in principle offers the possibility to
investigate the high momentum components of the deuteron wave function (by choosing the proper
kinematics), but more refined theoretical models will be required.

Let' me conclude with the pion absorption reaction #d—pp, which envolves large momentum
transfer. This reaction presents the biggest headache to theorists because many polarization observables
are sensitive to practically all ingredients of the theoretical models used. There is presently no hope to
extract information on the deuteron structure from this reaction.
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EXPERIMENTAL SEARCHES FOR NARROW DIBARYONS

B. TATISCHEFF, M.P. COMETS, Y. LE BORNEC and N. WILLIS

Institut de Physique Nucléaire, BP n° 1, 91406 ORSAY Cedex, France

INTRODUCTION

The studies of narrow structures in Nuclear Physics at excitation energies,
typically of several hundreds of MeV, have been actively carried out since the last five to
ten years. Such studies correspond to different topics presenting all some common
features :

When observed, they correspond to new physics, usually not taken into account

" in conventional theories of baryons and mesons in interaction.

The signatures, if any, will correspond to narrow and small effects, difficult to
extract from a large physical background. It is therefore very important to get as careful
and precise experiments as possible, with unquestionable data, and then to answer the
question concerning the origin of the observed structures. Among the different topics
which predict such manifestations :

a) The physics of dibaryons [1] has been intensively studied, experimentally and
theoretically. Such narrow structures have been extracted from many data. But also in
many cases, they have not been observed.

b) The small and narrow increase of inclusive pion production with 350 MeV
incident protons, observed in some laboratories [2] has been interpreted as being the
signature of a AA state in nuclei decaying by two pion emission [3], or through a A ball
corresponding to a A localized inside the nuclei [4].

c) It has been argued [5] that deeply bound ni- states can be produced in heavy
nuclei like 208Pb and are expected to have narrow widths due to the repulsive nature of -
neutron interaction. A reaction like (n.p) or (d,2p) produce a - (ina 1 s state) inside the
nucleus. In the same way, the possibility to have eta meson nucleus bound states has
been estimated [6] theoretically and found possible. Again transfer or knock-out reactions
have 10 be used in order to produce low momenta - eventually recoiless - 1 inside nuclei
[7].

d) Auerbach suggested that narrow anti-nucleonic states should exist in nuclei [8],
being a consequence of the Dirac description of p nucleus scattering. There, large energy
(= 1 GeV) transfers, but low momenta are expected.
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Nearly all amongst these topics, have been motivated by theoretical works, and
some measuremments have been already undertaken. Since the reactions are mainly the
same, namely either knock-out or transfer reactions, one should be careful when
associating a structure 1o a specific topic a) — d). For exemple, in the reaction A + C —
pp + X where the two proton missing masses are studied, one has to pay attention to the
fact that a structure in Mpp can reflect a resonance in X. Therefore it is advised to have
Bx =0 {meson) or Bx = 1(without narrow structure). It is of course essential to compare
results from different experiments.

For these reactions, narrow enhancements may occur for energies corresponding
to the opening of a new channel with meson production (threshold effects) and special
care must be brought against that. When inclusive experiments are done, special effort
has to be also devoted to explain how a narrow structure can be observed when Fermi
momenta should spread the momenta and energies inside nuclei.

Among these various topics, the topic of dibaryon physics is particularly
interesting since if narrow structures are observed, they can be related to precursor
partial quark deconfinement. That possibility stimulated the large number of data
corresponding to such studies. We will therefore restrict this review to recent data [1].

ANALYZING POWERS IN NUCL EON-NUCLEON ELASTIC SCATTERING

Very precise measurements of the analyzing power in elastic proton proton
scattering, have been recently performed [9] using Saturne polarized proton beams.
SPES3 detection was used and a rotating wheel with 16 different thicknesses of an
energy degrader, to get data for incident proton energy bins = 2.6 MeV.

a) The first measurements have been accomplished for 14 different incident
energies ranging from 558 to 725 MeV. The detection of the recoil proton by use of a
backward telescope allows to reduce the background to a ratio close to 10-3. The mean
value of the extracted proton beam energy shift : 12 MeV, is smaller than the range in
energy corfesponding to each measurement : 32 MeV. It results in a large overlap
allowing relative adjustments between data corresponding to different energies (different
beam polarizations). The depolarization resonance YG =3 occurs in the region of Tp =
630 MeV. In that energy domain, the polarization of the beam was reduced up to 15% but
thanks to our relative adjustments, this has no consequence on the final data. Due to the
different thicknesses of the absorbing wheel, the straggling in energy varied from 1 10 5
MeV. The data which correspond to the forward angle 61ap = 19.1° (corrected for very
small angular variations, are displayed in fig. 1 [9]. There is no room for any structure
like those found [10] in the KEK experiment : (Ijz2 = 14 MeV, AA = 2.5%). OQur limits
are lower than 0.2 % for a resonance having about the same width but of course much
worse for any broad resonance I" > 40 MeV close to Tp = 645 MeV (Mpp = 2174 MeV)
which corresponds to the maximum of the analyzing power (and also My + MA).
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These data contradict the KEK results where structures have been observed at
Mpp (I'1/2) = 2160 (14) and 2192 (13) MeV. The discrepancy may be induced by the
YG=3 depolarization resonance occuring in that region as already mentioned, and
perhaps, not completely corrected at KEK. The KEK results have been analyzed recently
[39]. Nagata et al. introduced a Breit-Wigner term in order to describe the narrow
structure at 2.16 GeV. They performed a PSA of the other data to determine background
partial wave amplitudes. They found 3P, 3F; and 3Hjs as possible candidates for the
2.16:GeV structure. The structure however should be still there for Saturne experimental
conditions (Ao = 43°5 for Vs = 2.16GeV). Although the angles (and angular
acceptances) are somewhat different in both experiments, the differences are too small
(ABL = 2.4°) to explain the discrepancy. We have rather to conclude that up t¢ oW no
narrow structure has been observed in NN elastic scattering. Notice that analyzing
powers can be more precise than cross sections to pick out small effects because of the
interference terms, but it is also possible that additionnal amplitudes will give rise to the
same analyzing powers than the background alone.

b} A second set of measurements with a thicker wheel, has been performed

recently around Tp = 2.1 GeV, where an increase in analyzing power has been predicted
by Lehar [11], from a twofold motivation. On one hand the extraction of amplitudes at
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three energies predicts a crossing of a phase @a through zero and that annulation should
manifest itseft by an increase of the analyzing power. On the other hand a display of the
world data, shows a maximum for that energy (Vs = 2.73 GeV) although it relies really
on few data only.

The analyzing power measurements, performed at Saturne, do not show any
increase. The data correspond to a fixed backward angle 915p. = 56°. Each extracted
energy allows the measurements in a range ATp = 52 MeV, with 3.25 MeV bins. The
total range 2.034 < Tp < 2.321 GeV corresponds to 2.709 < Vs < 2.807 GeV. The
statistical precision obtained is not as precise as it was in the set of measurements around
Tp = 630 MeV since the pp — NN= cross sections dominates here. The data are only
preliminary. The limit for a narrow relative increase of the asymetry around Tp = 2.15
GeV, is approximately equal or smaller than 2%.

These data are in conflict with the analysis performed by Lehar and colleagues. It
is clear that new measurements on the Saturne NN beam line, will be useful.

-

THE p(d.pp)X REACTION

Using Saturne polarized deuteron
2 beams and SPES3 facility, the analyzing
020 E ] powers of p(a,pp)X reaction have been
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Since the effect is an oscillation, the number of S.D. depenses very little on the
assumption concerning "the background™, allowing the assumption that the background
is obtained without unprecision. We obtain then S.D.= 2.45 for the tensor analyzing
power (maximum value).

The measurement has been repeated in new conditions with 1.722 GeV polarized
deuterons, the protons being detected at 0° [12]. Fig. 3 displays the results for T2g versus
Mpp. We observe an oscillation centered at 1945 GeV but with opposite sign. The
corresponding number of S.D. is 3.86. In order 1o strengthen the oscillation versus
background, both results have been mixed (with sign inversion). We obtain then $.D. =
4.7. In the Mpp range studied in this experiment, the observation of different narrow
dibaryons have been reported [1] - see fig. 4 - although always with poor statistics. They
concentrate around 1916 MeV and 1941 MeV. In the data presented here, there is no
signal around 1915 MeV. Since the large statistics a¢ small Mpp is mainly due to small
transfer momenta, we cannot conclude that our data bring a strong argument against a
narrow structure at this mass.

Around 1939 MeV, three different studies reported to have observed narrow
dibaryons. Troyan studied np — ppm- and — ppr-n® and reported {31] the existence of a
resonance at 1937 MeV with 3.7 S.D. A study of the ratio of elastic to inelastic proton
scattering [32] has been done at Dubna and the authors, in spite of a small staristical
precision, concluded to the presence of a narrow signal at 1936MeV. Glogolev studied
dp — ppn and —prtan and reported [33] the observation of a peak in Mpp at 1939 15
MeV (INip=27% 13 MeV) with 2.2 S.D.

In order to extract an oscillation, the assumption here has been done that the
physics of mesons and nucleons in interaction will give rise to a continuous curve. Such
calculation has been performed by Lykasov [26).The theoretical results are plotied on fig.
3 where full {dashed) curve corresponds fo spectator mechanism with (without) FSI and
Glauber screening effect. The Paris deuteron wave function has been used. The
calculated values decrease slowly without any oscillation.

THE 2H(p,n)X* REACTION

It has been studied at TUCF using Tp =200 MeV proton beam. Neutrons were
detected at 0° with a flight path of = 50m allowing a very good missing mass resolution :
AM; = 0.2 MeV. The useful experimental range is 20 < Ty < 160 MeV since for larger
neutror energies the spectrum displays peaks from C (CD2 target was used). This range
corresponds to = 2.0 > My > 1.91 GeV. The preliminary data {13] are shown in fig. 5.
They do not display any structure and the authors concluded that "for missing masses
near 2 GeV/c2 and particle intrinsic widths g 500 keV, we expect the 0° ZH(p,n)X*++
cross section limits to be of order 0.1 - 1 pb/sr".
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DIBARYON SEARCHES FROM PHOTONUCLEAR REACTIONS

Since the measurements performed at Bonn, where the ¥d — ppx- reactions were
studied with observation of a narrow enhancement in two proton mass distribution at
Mpp = 2014 + 2 MeV [14], many works have been devoted to such studies, using yd as
input channel. In the range of masses below 2MN + My, deuteron photodesintegration
cross sections using // and L polarized photons from Kharkov electron linear accelerator,
have been studied (1904 < Vs < 1973 MeV). When photons are polarized orthogonally to
the scattering plane, the differential cross sections of W — pn exhibit a narrow structure
at Vs = 1919.5 MeV [15].

For masses above 2My + My, no structure has been observed in CToSs sections :

- neither at INS (Tokyo), in the total cross section of the ¥d — wpp reaction
studied [16] in the range 2222 < Vs < 2582 MeV,

- nor in Mypp mass distribution studied at Bonn [17] in 1d — ppr reaction (2.16
< s <2.32 GeV), and at Saclay [18] 2.10 < Vs < 2.293 GeV).

However many studies have been performed usin g polarization degrees of freedom, (yd
— pn reactions) :

- no structure from INS [19] in the target asymmetry T(8) studied in the range
2.155 < Vs < 2.480 GeV,

- using linearly polarized photons from Yerevan synchrotron, the polarization of
the emitted proton has been measured at center of mass proton angles : 75°,2.16 < Vs <
2.28 GeV [20] and 65°, 2.15 < V5 < 2.25 GeV [21]. There is a possible narrow structure
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close to Vs = 2.24 GeV in Py (plane orthogonal to the scattering plane) but its definition
is not precise enough.

- Polarized deuterons photodisintegration has been studied at Bonn at Ty = 450,
550 and 650 MeV [22]. The authors concluded that a second minimum of T at 550 + 50
MeV around 90° could perhaps be an indication for a dibaryon resonance. This
speculation is not strong enough.

- A few analysis have been performed in order to improve the agreement between
theoretical description and different photonuclear data by introduction of dibaryon
resonances as free parameters. Such approach has been used in the analysis of data from
Yerevan synchrotron [23], 2.24 < Vs < 2.55 GeV, and especially for analysis of data
from Kharkov accelerator [24], 2.11 < Vs < 2.40 GeV (do/dQ, I, P, T). The agreement
is of course improved when additional free parameters are introduced, but this very
indirect approach is not convincing enough.

CONCLUSION

Although we have restricted this review to recent data, it is clear that the number
of experiments increase continously. The number of precise results increase, which is as
a matter of fact more important.

There is no measurement amongst those presented, from where unambiguous
dibaryons can be extracted. There is a possible evidence for a dibaryon close to 1940
MeV.

It is specially important that both precise analyzing power measurements in pp
elastic scattering, performed at Saturne (SPES3) concluded to the absence of any narrow
stracture. If we remember that never any dibaryon has been observed in isospin 0 or 2
channels [25], one can been lead to speculate that they simply do not exist. However that
would be incorrect since precise data exist-in case of isovector channel where narow
dibaryons have been observed [1].

The answer to the first question set in the introduction, namely is there
unquestionnable data showing dibaryons, must be no, for the recent data discussed here.

Some years ago, a semi-phenomenological di-quark model [27] has been able -
after adjustement of a few free parameters - to get a good agreement between data and
calculated masses and widths of some isovector dibaryonic resonances. Recently a work
has been presented, within a modified MIT bag model where a di-quark cluster has been
assumed [28]. A good agreement has been achieved for approximately half of the masses
found in various experiments for isovector dibaryons (fig. 6). However it has been
shown that the improvement of calculations, from spherical MIT [29] to cloudy bag
model [30], enhanced by a few hundreds of MeV the masses of predicted dibaryons. We
have therefore to consider with care the previous agreement between di-quark cluster
model and data.

The answer to the second question set in the introduction concerning the origin of
the observed structures remains still open.
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NARROW COHERENT EFFECTS IN rNN-DYNAMTICS
A.E.Xudrjavisev

Institute Tor Theoretical and Experimental Physics,SU-117259 Moscow,
Russia
G.Z.0brant

Leningrad Nuclear Physics Institute, Gatchina,SU-188350 Leningrad,
Russia

The problem of narrow dibaryon resonances is one of the most
intriguing in the inlermediate energy physics.We shall understand
the resconances with a mass more than a sum of the pion mass and two
nucleon masses 2m+l and with a width I'™0.01CeV as the narrow dibaryon
resonances.There are some indications on such effects in the experiments
with few-nucleon systems and in the hadron-nucleus scattering(1].The
consideration of such processes via TNN-dynamics does not show any
narrow peculiarities usually in the energy dependence of the oross-
section (see for ex.[2]).There is some indication of the possibility of
such effects inl[3] where the pole is discussed in the NA-amplitude with
isospin T=2 and a mass near 2m+\l and a width of some MeV.

It will be shown lower how the narrow effects in the eross-section
energy dependence can be produced via ®NN-dynamics.As there 1is the
little parameter W/m in the problem one can try to create the resonance
of the pion wave on two heavy scatterers.The condition of this rescnance
neglecting the elementary amplitude complexmess is the divisibility of
the distance between secatterers to the half of the wavelength.There are
the interference vhenomena producing the sharp energy dependence of the
cross—section.The width of the peculiarities can be by an order of
magnitude less than TN-rescnance one.

The main Teatures of the problem are seen in the one-dimension
exactly solvable model of the particle scattering by two potential
barriers of the rectangular form with the height Ugs thickness a
standing on the distance h one after anotherl4]. The total scattering
amplitude on two barriers (the amplitude of the reflection wave) is
Rt 1= (49> 2y Ghg ) /(A 0% 221y Cla k) exp(Bikh) '

! 1 - AT enp (Zikh) (1)
(Here ‘k1=(2pE) sEB-initial energy of the partioles,
ko= (2R (EUY)) 2 et/ ). TE K

1/2

4 is real, it 1is expressed directly
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through the elementary amplitude A1

}_\\2 A 4 —A«/AT ex\:‘(?.ik,\n) 3
| 1 4= A% exp(Qikyh) ()
This scattering amplitude has poles at the unphysical sheet and goes to
zero at real k‘l near the pcle positions. Tae width of the rescnance
is determined by the value of the elementary amplitude A, .The condition
of vanishing the denominator in (1,2) can be written as

Tk = WalA) /b (3)

At the low value of the initial momentum the amplitude A1 is near unit
and the width of the resonance is very small.This corresponds to the
narrow quasibound state of the particle and to the standing wave
creation between two barriers with low transparency. The amplitude A1
decreases as initial momentum increases and the resonance width
increases in the correspondence with (3).For all that the character of
the resonance changes beginning from the momenta more than kO.Here a

standing wave is not produced.However the resonances continue %o be
sufficiently narrow. The resonance widith becomes large with further
momentum increasing and physics is determined by the numerator of (2).
The above consideration shows how in the one-dimension three— body
problem the narrow resonances are produced when there is a wide
resonance in an elementary amplitudel4],if a mass of the initial
particle is much lower than scatterer masses. The generalization of
(1,2) for the amplitude of the deuteron breakup process Td-»Tpn in which

in the last interaction the particle 3 is the spectator looks as[5]

2o Ly, S e + d f expline)/e-Sin (RFE/(EH 1e)
WER- &a A2 o) Y1+ A8 xp(ke)/e ) W@PM

(Eaknucleon momentum in the deuteron rest—frame). We shall consider only
S-wave pion-nucleon interaction neglecting the nucleon spin and isospin.
The standard Breit-Wigner form with A-resonance parameters is taken for
AN-amplitude f(k).The value a=S1/2/m arises after the transition from
invariant MN-amplitudes to amplitudes f in the pion-nucleon c.m.frame.
In all further calculations Paris deuteron wave-function is used.

The structure of the integrand in-(4) is analogous to (1,2) in the
one-dimension sample;the resonance states correspond to - zeros of the
denominator with the fixed distance r between the nucleons.The locations
of this zeros on the complex plane k are shown in fig.1 at different
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values of r .The amplitude poles oreate two branches corresponding  to
two factors in the denominator and joined by the solid lines.The
trajectory of the first factor gives poles remote from the real axis
The second trajectory connesots zero locations of thé seecond factor in
the denominator (4) and besides it is the nearest trajectory to the real
axis.It orosses the real axis at ksz=O.285GeV/c, r=ro=6(GeV/c)_1 and
the poles get to the physical sheet of the scattering amplitude.The
trajectory does not crosses the axis in the case of infinitely heavy
nucleons a=1. )

ImK (GeV/c)

01

Figi. Pole trajectories of
the scattering amplitude at
the fixed distance between

= scatterers (shown by digits

with dimension (GeV/c)_j).
The solid curve-the nucleon
mass m=0.9383GeV, the dashed
curve—the nucleon mass

is 50m, the dot-dashed curve
-the nucleon recpil effects
are calculated.

-UBT

amplitude @B(W,QB) of " the deuteron breakup in the pion-deuteron

The further consideration will be carried out for the S-wave

c.m.frame under the condition that nucleon 3 is in the S-wave relatively
to the pion—nuecleon subéystem 1,2. (Here W-the total energy in the pion-
deuteron c.m.frame, 53 -the momentum of nucleon 3 ) The choice o©f the
S-wave in the Td-interaction allows to increase a contribution of the
small nucleon-nucleon range physics in the pilon-deuteron secattering.This
enhances the above- mentioned resonant mechanism as the pole trajectory
approaches near the real axis in fig.1 at the small nueleon-nucleon
distances (r,=6(GeV/c)”'=1.21m).

One can estimate the pole contribution at T=rg in eq.(4) using the
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nearness of the chosen initial momentum to ko, i.e. s lay out the
denominator in the row near zero and thus pick out olear the pole
factor.

(-d 2 expline)/e) (’\+d£ exp (xké}/&) 2 (2 (1-inge,) (24 +u2)j

After the addition of a2 such pole contribution to the integral over the
large distance region the oscillating picture arises in the real part of
the amplitude[4]. The oscillation in RefT!J at kmk is produced from the
denominator of (4) and besides it is determined in +the main by the
region rer.It has the same physical reason as the coherent phenomena in
the one-dimension sample. When pole trajectory fig.1 does not cross the
real axis (for ex. dashed line in fig.2) one could speak about certain
effective value of the parameter L

One can develop the modification of the Brueckner theory estimating
the nucleon recoil effects in the propagator[4](Fig.1). It aliows one to
avold the problem of crossing the real axis by the pole trajectory.

The calculation of the deuteron breakup amplitude on the basis of
Faddeev egquation is the next step on a pass to the real pion— deuteron
interaction.It allows first of all to +take into account exactly the
nucleon recoil effect and the wnitarity condition.If three-particle Wick
o> states are chosen as basic states analogously [6] (see in detaill[4])
these equations can be written as

@“ g = (- ‘6“}@”‘"5”{ (w,g5) +
SW dg, LSQ(W“W}@J ”( W,9.) (5)
J J“E

dnd the nucleus of the equatlons is

SFFHCRANE Y “*(m mg My i T ch,qn—wf(?—(’;ﬁ&_«
OG- m&g)% bk °(93<¢m >L-1L%J(P) (5}

The certaln approximations have been made at the caleulation of the
amplitude @B(W,QB) via (5,6) allowing to compare the ocalculation with
the analogous results from static case.At first only equaticns 2 and 3
are considered from the three equations of the system and the amplitude
@ (w, qj) is discarded.Sscondly the elementary TN-amplitude T. (wo(q .)) is
taken at the energy correspondent to the nucleon at rest in the deuteron
rest- frame;the form factors hL = are discarded too.The calculations
are-.carried out for the spinless nucleons;only BS-wave elementary
TN-amplitudes are considered and further we shall deal only with S-wave

inelastic Td-scatiering. The solution of integral equation (5) with
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the singular nueleus (6) was ocarried out by the Pade-approximant
method.The convergence of the method has been obtained already for
[4,4]Pade—approximant.

The results of the calculation according to (5,6) for the amplitude
@B(W,QB) show approximately the same effects as in the static case (4).
There 1s the oscillation in Remj(w,qj) at kwko that can be considered as
a trial effect for the coherent fenomena.Their region is moved strongly
to the low momentum side relatively to the static case and somewhat
weaker comparing with the modified static variant.The approximate
calculation of the nucleon recoil effects in the modified static theory
qualitatively reflects the tendency of the movement of the oscillation
region to low q3£4}.

The amplitude o,(W,q.) in the kinematic field of the process
fd—«‘pp, G [ q3=( (W/2 )2—m2 )1 /2 ‘approximately describes the absorption of
the scalar pion by deuteron (Fig.Z). The double scattering amplitude has
the standard rescnancelike behaviour with the mazimum in the imaginary
part at W=2.17Ge¥ ocomnected with the resonance in the elementary
amplitude.The resonancelike behaviour of ®3(W,q3(w)) is conserved if one
takes into account all multiple rescatierings in (5,6) but the maximum
is at lower energy W=2.086GeV and the width is approximately twice
smaller.At the same time the real part Re@B vanished just at the point
of the maximum of Im@S.Thus the loop on Argan-diagram is produced with
the correct rescnancelike direction of movement with the energy
increase, The main reasons of the maximun displacement are the sharp
decrease of the imaginary part of the double-scattering amplitude at

kK by vwvirtue of the discussed interference phenomena. The

mulgisoattering amplitude increases with the initial momentum decrease
and Im®, is vanishing at k=0 because of the unitarity condition.

The ﬁicture in the modified static theory qualitatively corresponds
to the exact calculation right up to We2.12GeV,the maximum in the
imaginary part is produced toc (at We2.066GeV) and the real part at the
same time goes through zero.The distinction is that due to the
nonunitarity of the amplitudes with the multiplicities being more than
two in this caloculation the imaginary part does not vanish at k=0 and
the maximum is rather wide.Thus the discussed coherent effect arises in
the modified static theory +too and it has sufficiently  general

character. The principal difference between the exact calculation and
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the modified static variant arises at W>2.12GeV (k”ko). As  this theory
is nonunitary in considered region the only conclusion of this
calculation is the statement that the imaginary part decreases in this
field in accordance with the Faddeev equation calculation.

The obtained from (5,6) resonancelike amplitude @B(W,q3(w)) includes

some  nonresonant background in Re@B.The interference with this

Re®3(W, q5W)) Im D3W, q5(W) I3(W, g5 WDI2

Fig.2.The scattering amplitude O,(W,a5(W)) at qu=((W/2)%m?)1/2 a5 4
function of W. Solid curves—Faddeev equations;dashed ocurves—the single
and the double scattering from Faddeev equations;dot—dashed curves-the
single scattering from Faddeev equations,double-dot-dashed curves-the
modified static theory.

background leads to the narrow peak in the cross section (fig.2) and
besides the peak width in the energy dependence is very small,almost by
the order of magnitude lower than in the elementary interaction. The
further more comprehensive investigation, turning off step by step all
approximations being done,allow to give unambiguous answer about the
value of such effects in the real pion-deuteron soattering.

The most suitable examples for the manifestation of the discussed
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effect are 3P1 and 1Do waves 1in the real f&ﬂpp process {the

classification on the rznal state). The experimental situation is
obviously unsatisfacitory for the observation of the discussed narrow
effects in the energy behaviour at small energies from the threshold to
W2.08GeV[7].0n the other hand it is necessary to consider the pessible
manifestation of S-wave fN-resonances with the higher masses.The
obtained peaks in Td-cross-section move to the low energy relatively the
mass of the TMN-resonance,and in prineiple could appear in the region of
experimentally observed effects[1].
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GENERAL REGULARITIES AND INDIVIDUAL FEATURES
OF THE CUMULATIVE PARTICLE PRODUCTION
Agakishiev G.A.} Averichev G.S.} Bondarev V.K.? Borzunov Yu.T.
Giordanesku N.f Golovanov L.B.f Gusejnaliev J.f Zborovski I.
Efimov L.G., Litvinenko A.G., Minaev Yu.I.? Moroz N.S.:
Panebratsev Yu.A.} Pentia M, ? Sulejmanov M.K.? Trofimov V.V.,
Tsvinev A.P.f Shahaliev E.f Shimanskiy S.S.} Yurevich V,I.}

Yakoviev R.M.~
INTRODUCTION

In our opinicon, one of the main tasks of modern nuclear
physics is to construct theory of the atomic nucleus based on
fundamental components of hadron matter - quarks and gluons.

In recent years a number of experiments have been carried out
to search for and investigate non-nucleon and quark degrees of
freedom in lepton-nucleus, hadron-nucleus and nucleus-nucleus
interactions. Several new phenomena were found in those
experiments (cumulative nuclear effect, EMC effect, production of
particles on nuclei with large Py celor screening effects). They
cannot be explained within the classical proton-neutron model. Now
the available experimental data and their theoretical inter—
pretation led to the conclusion that deuterons and other lightest
nuclei can be objects for investigation of quark degrees of
freedom already at intermediate energies, help one to solve the
problem of taking into account relativistic and off-shell effects
and to come closer to the solution of the multinucleon interaction
problem.
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The purpose of this report is to discuss generalities of
cumulative effects (locality, asymptotic behaviour, universal
character of nuclear structure functions) and their individual
specific features related to cumulative production of particles on
the lightest nuclei. Following the topic of the workshop, we shall
consider the investigations of the deuteron structure in
cumulative processes most thoroughly.

It should be mentioned that since discovering the cumulative
effect we have regarded it as a signal that in nuclei there are
"hadron matter drops" or multiquark configurations, whose
structure greatly differs from that of free nucleons [1].
Argquments for this peint of view will be presented in the report.
It should also be mentioned that the study of cumulative pProcesses
is connected with the most important problems of long-range
quantum chromodynamics: search for and investigation of multiquark
states, study of difference between quark hadronization in vacuum
and in a nuclear medium, search for the transition of matter from
the hadron phase to the quark one. It is cumulative reactions that
allow some unique opportunities which in principle cannot be

received in the exXperiments with "elementary" hadrons.

GENERAL CHARACTERISTICS OF THE PHENOMENON

In this section we shaill briefly discuss such important
properties of the cumulative nuclear effect as its locality and
asymptotic behaviour. The cumulative effect was predicted by
A.M.Baldin in 1971 [2]. He supposed that production of particles
in the region which is kinematically forbidden for particle
production in nucleon-nucleon interactions results from
interaction of a primary hadron with & local object of several
nucleon masses inside a nucleus. Theoretical estimations
[3](weaker correlations at the speed difference y=2 of the
incident hadron and the target, or later bikz5) showed that the
phenomenon comes to the asymptotic behaviour quite early, at the
energy of primary protons 3.5-4 GeV. Pioneering proton beam
experiments of Dubna [4]on the investigation of cumulative pion

production on nuclear targets proved that at the proton energy
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over 3.5-4 GeV a) the slope parameter of the pion energy spectrum
is no longer dependent on the energy (in the first approximation
the production cross section of cumulative particles bears a
simple exponential relationship to the kinetic energy), b) the
ratio of «cross sections for production of positively and
negatively charged particles is equal to 1, ¢) the dependence of
cross sections on the atomic weight of the fragmenting nucleus is
of type A" instead of A?/E, which is traditional for nuclear
physics.

All these generalities united were called limiting nuclear
fragmentation. Note that the general rules of limiting nuclear
fragmentation were confirmed both by a series of experiments at
Berkeley [5], where the asymptotic behaviour was studied in the
interval of primary energy 1-6 GeV, and in a series of experiments
at the Serpukhov accelerator [6] (the interval of primary energy
form 10 to 70 GeV). In the whole energy interval of the Serpukhov
accelerator the slope parameter of the cumulative pion spectrum
did not change by more than 2% and the cross section values by
more than 20%.

In the experiments on cumulative production of protons in
interaction of high-energy particles with nuclei one also found a
number of asymptotical rules united into what was called "nuclear
scaling”. They are a supplement to limiting nuclear fragmentation
for cumulative meson production [7].

In this case, at energies higher than several GeV, the slope
of the cumulative proton spectrum (the spectrum has an exponential
shape depending on the kinetic energy) is practically independent
of the incident particle energy and type. It is valid not only for
incident hadrons but alsoc for photons [8] and neutrinos [9].

Now let's discuss the experimental data that bear evidence
for local character of cumulative processes. First of all, it
should be mentioned that the shape of the energy spectrum and
angular dependence of cross sections for production of cumulative
protons on the helium nucleus and on the lead nucleus is
practically the same and does not depend on the energy, starting

from the energy of several GeV. It naturally indicates the local
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character of the interaction. 1Indeed, in cascade models the
spectrum shape must strongly depend on the atomic weight of the
target and the yield of cumulative particles on the initial
energy. In the model of multiple intranuclear rescattering the
shape of the spectrum and angular dependence must strongly depend
on A. It is shown in ref. [10] that for cumulative protons
relative variation of T, with A indicates that it is smaller than
the relative variation of the mean coupling energy or the Fermi
momentum of nucleons in a nucleus. This facﬁ should also be
interpreted as evidence for dominance of local properties of
nuclear matter over individual characteristics of particular
nuclei in production of cumulative particles.
CUMULATIVE PARTICLE PRODUCTION AND
QUARK DISTRIBUTION IN NUCLEI.

This section is to discuss the experimental data which
testify in favor of the fact that the distribution of quarks and
gluons in nucleons which are embedded in nuclei essentially
differs from the free nucleon case. In other words we shall give
arguments for the fact that the quark-parton structure functions
of nuclei are independent (irreducible to one-nucleon) objects of
hadron physics and shall discuss the presently avalilable
properties of these functions.

In our studies of hadreon-nucleus reactions special attention
was paid to the region kinematically forbidden for one-nucleon
collisions (cumulative effect) because, according to the suggested
ideas, these data show evidence for existence of multiquark
configurations and superfast quarks in nuclei.

In 1980 A.M.Baldin [11] introduced a new physical concept,
namely the gquark-parton structure function of nuclei, which 1is
being intensively studied in hadreon and deep inelastic processes.
It was assumed that the cross section for fragmentation of nuclei
into mesons measured experimentally in the inclusive process
h+A>1+... is proportional to the momentum distribution of quarks
in the nucleus (quark stripping followed by soft hadronization):

E do/dp o GA/q(X, Pi)
The validity of the assumption that the distribution of fast
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Pions in the fragmentation region is similar to that of fast
valence quarks in pp interactions is considered, for example, in
papers [12].

When analyzing the data we use the capital X variable [23] .
The cumulative number X determines the minimum mass of the target
(in nucleon masses) on which the process can occur. The region X >
1 corresponds to the processes forbidden for interaction on free
nucleons. It differs from the Bjorken variable X by taking account
of mass correction. Note that at high energies the variable X
coincides with the light cone variable a = (E - p,) / m .

In the experiments at. the Dubna synchrophasotron the group
led by V.S5.Stavinsky [14] obtained the most comprehensive data on
cumulative production of mesons in proton—nuclecn reactions; on
their basis the main properties of nuclear structure functions
[15] were formulated. They are discussed below.

First of all it should be mentioned that, as expected, pion
spectra on deuterium and hydrogen nuclei are similar up to the
kinematic boundary of NN-interactions for pion production in the
kinematically allowed region of NN-collisions. Besides, the
‘ following relation is valid:

Edo/dB(D>n” ) ~Eda/dB(H-1" ) +Edo/dp( Hom ).

From the point of view of traditional nuclear physics, a new
and nentrivial fact is that the slope parameter of the energy
spectrum  of pions arising from deuteron fragmentation at
T, > Tnm”(NN) shows only slight changes as compared with its
value for the kinematically allowed region. Indeed, when the
spectrum is approximated with the function exp(—T/TD), the value
of the parameter TO is {51.0+1.2) MeV in the "soft" part of the
spectrum and (35.3+£0.9) MeV in the cumulative region (TH>ZBO MeV).
In other words, there is no noticeable effect of the kinematic
boundary of NN-interaction in the region X > 1 up to X =~ 1.7. It
is a surprising experimental fact regarding the deuteron, whose
binding energy is very low.

The spectrum of cumulative pions on the deutercn nucleus has
an exponential form exp (-X/<X>) depending on the scaling variable
X, the value <X> being 0.098 for deuterons. It is known from the
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analysis of the data on cumulative production of pions on medium
and heavy nuclei that for X > 1 the cross sections depend on ¥ as
exXp (-X/<X>), the parameter <X»>=0.14 being universal for different
nuclei and different secondary particles [Fig.1].

Note that the numerical value of the parameter <¥>=~0.14 is
close to the value of the mean nuclear density. It seems to be
natural because in its physical sense X¥m is the minimum possible
target mass. In Fig.2 there is the ratic of parameters <X¥X> for
different nuclei to the parameter <X> for lead nuclei (o). There
are also the results obtained in ref. [16,17] for n+gmesons (o)
and for K -mesons (#). Besides, there is a curve of the nuclear
density ratio. The behaviour of this ratio as a function of A
corresponds to nuclear density changes. It was pointed out in ref.
[18] that within the flucton models the difference in the spectra
of cumulative mesons arising from fragmentation of different
nuclei indicated that in heavy nuclei there were relatively more
multinucleon fluctons than in light nuclei. On the other hand, if
interaction resulting in production of cumulative particles is
really local, its characteristics must be independent of such
quantities as nuclear radii or masses. One can assume that the
above-mentioned difference in spectra results from the effect of
the right kinematic boundary of the reaction p+A-=-h+ ... . To
take it into account, one assumes that f(X)=fO(X)(1—X/A)n, where
fO(X) is independent of A, n is a parameter. This description
appears to be possible with n = 7+1 for n+7mesons, n = 7.041.7 for
K—fmesons, n = 10£1.4 for K+—mesons. The function f(X) =
Ciaxp(—X/XD*). The values X; = 0.14 for different mesons differ
only by several per cent. So, we can say that for all mesons there
is a scale-invariant, A-independent function fO(X), which
characterizes local properties of hadron matter. It was
experimentally shown that at equal momenta cross sections for
production of protons on the lightest nuclei are about two orders
larger than pion production cross sections.

The inclusive reaction p + D = P + ... 1s the simplest
reaction and a key to understanding nucleon degrees of freedom in

hadron-nuclear interactions, to determination of the nonnucleon

271



10/ .'-\-\
i e %
1 \t 1' = o
‘i-n'!'K'l- e : i L e
— % . $ 4 f’ 1
\, &
© %2 '1 N 3 g _
=< K % 3 P o (sre, JINR) 1
CD !EI \>5' I'I’ ;:.p QSI?,ITE?) «
10 ¢ 0§ - A%
L ; :
w00
o} GGy % A ¥
.o Fig.2
1 2 3
X
Fiq.1
T coth 4

# 80 -100 (67, 3INR}
e 37 -480 (1994,ITNR)
+ 23 -100 (1303, Berkeisi
- Wf

ok
F -
-
01 03 05 03040505 0703
Pp (GeV/c) P (GGV/G)
Fiq. 3 Fig.4

272



component in the structure function of a deuteron. Setting up the
experiment we assumed that cumulative production of nucleons on
nuclei is connected with a high-momentum component of the wave
function and thus these processes may help one to study properties
of nuclear matter at short internucleon distances and to find out
te what relative momenta of nucleons in a deuteron one can
describe the experimental results in terms of nucleon degrees of
freedom and under what conditions it is impossible without
introducing nocnnucleon (multiquark) degrees of freedom in the
deuteron structure function and allowing for relativistic and
off-shell effects.

In Fig.3 there are experimental data on fragmentation of
deuterons to nucleons at high energy. Symbols (%) are the
experimental data obtained at the installation DISK » symbols (o)
are the experimental data obtained at the installation ALFA at
primary energy. 3.7 GeV/nucleon, symbols (+) are the Berkeley data
at energy 2.1 GeV/nucleon. The curve in the figure corresponds to
the calculation in the relativistic momentum appreocach with the
"Paris" wave function of the deuteron.

Measured at different energies, the cross sections are in
rather good agreement for proton momenta below 450 MeV/c  and
practically coincide with the calculation. On the other hand,
there is sharp difference between calculation and experiment for
proton momenta ocver 500 MeV/c. Fig.4 shows the hard part of the
spectrum for convenience. Symbols (*) are the data for the
observation angle 1800, symbols (o) are those for the observation
angle 62°, These data were obtained at the installation DISK in
order to measure the energy spectrum of protons in the deuteron
fragmentation reaction, the transverse momentum component being
other than zero. One curve in the figure (lower) corresponds to
the calculation for the angle of 180°, the other (upper) for the
angle of 62°. As seen, the calculation and experiment at 180°
differ by moke than an order at the spectrum boundary, though
there is good agreement at momenta 0.3-0.4 GeV/c. The experimental
data for the observation angle &2° differ from calculation

approximately by a factor of 10 for the whole momentum interval.
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So, at present there is actually no theoretical model which allows
unified description of deuteron fragmentation, to say nothing
about the energy and angular dependence. Noteworthy are the
calculations in ref. [19], which show that it is also impossible
to describe the hardpart of the spectrum of cumulative pions
produced in deuteron fragmentation without introducing an
additional 6g component in the deuteron wave function. Note also
other theoretical models where the effect of the relativistic
approach are introduced in a specific way. For example, in models
of Brown, Tokareva [20] they managed to describe the spectrum of
cumulative pions from deuteron fragmentation within covariant
formalism based on the relativistic deuteron wave function and
with one nucleon on the mass shell [Fig.5].

Investigating the dependence of cross sections (structure
functions) on the atomic weight of a fragmenting nucleus, one
found that
Edo/dp=const Am(x)exp(—x/<x>).

The index m(X) is 2/3 + ¥/3 for the region 0.6 = X = 1 and 1
at ¥ > 1 and A = 20. In Fig.6a there is the X dependence of the
pion production cross sections (per nucleon) on lead, deuteron and
aluminium nuclei. It is found that at X>1 do{Pb) /do(A)<1 as a
result of the above-mentioned dependence of the power index m on
¥ {here do(A) denotes Egg/dp for nucleus A). At X»1 the ratio of
the structure function of the lead nucleus to that of the deuteron
is much larger than 1. It is due to the fact that in the deuteron
there are no configurations with quarks of more than two
nucleons. Yet, for the lead and aluminium nuclei the ratic of
cross sections per nucleon is approximately equal to 1 for X>1.

The X>1 data were interpreted as an interesting prediction
for deep inelastic experiments of the next generation. The review
[21] contains the analysis of the SLAC experiment E133, where
S5.Rock et al. measured the ratio of eAl/eD cross sections related
to one nucleon for X=1.4. This ratio equals 5, which confirms the
Dubna hA data [Fig.6b].

It should be stressed that both for deep inelastic scattering

and for hadron-nuclear reactions the ratic of cross sections per
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nucleon (structure functions) of a heavy nucleus and a deuteron
was experimentally observed to intersept 1 at ¥ = 0.9 and not at
X = 0.5, as follows from the calculations based on nuclear models
allowing only for nucleon degrees of freedom.

Note that in experiments on cumulative production of
particles the dependence of cross sections on the transverse
momentum (particle emission angle), which is unusual in hadron
physics, is found.

The experimental data on pion production cross sections for
emission angles 900, 1190, 1680 [22] allowed one to study the
dependence of the cumulative production cross sections on PT(S:
[Fig.7al. Actually, we study a question of additional dependence
on the transverse momentum ({(emission angle) besides the one
involved in the variable

X=(vPy +PZ+m® -Py ) /m

The dependence ¢(pT2)=dU{X,O}/dJ(X,pT2) is found to be quite
weak and it differs from the dependence on the transverse momentum
for PP-interactions (the line in Fig.7a). An unusual behaviour of
the cross sections was observed in the region ¥ > 1; it indicated
factorization of the cross sections by the variables X and & (see
Fig.7b).

Thus, we see from the experimental data that this additional
dependence on the transverse component of the momentum is no
t only rather weak but alsoc practically independent of P?

In reference [23] it was shown on the basis of +the hard
scattering model that the shape of the spectrum in X is universal
at different registration angles, and dependence of cross sections
on the angle is included in the factor (sin 9/2)8. i.e. the ratio
of cross sections for production of cumulative particles at
different angles does not depend on X and is =0.06 for angles of
168° and 900, and =0.3 for angles of 1689 and 1190, which is quite
close to the experimental vaiues ~0.1 and ~0.4 respectively.

In reference [24] an attempt is made to describe this result

within the framework of the dual string model. Disintegration of a
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fast flucton into its constituent quarks with gaining additional
itransverse momentum KT in each disintegration act was considered.

In our opinion, production of strange mesons arouses great
interest now. As mentioned above, it was found in our experiments

that the shape of spectra of different particles is universal if
cross sections are represented as a function of +the scale-
invariant variable X.

For heavy and medium nuclei the following approximate
relation has been observed between the cumulative effect cross
sections for identical X [Fig.8]

Elda(n")/dﬁzaldg(n’)/dfa=slda{x+)/dﬁ.
Structure function ratios of two different particles obtained for
X <1 ianP—interactions (open symbols in Fig.8) are taken from
[25]. A considerable difference is seen in the behaviour of kaon and
pion cross section ratios, depending on the scaling variable X for
PP- and PA-interactions.

Note that in approximation of the dependence of cross
sections on the atomic weight of the nucleus by the function A"
for medium and heavy nuclei the behaviour of pion and K -meson
production cross sections is of the same character (n = 1), while
the A-dependence of production cross sections for K'-mesons is
close to that for protons (n = 1.3-1.5).

The approximate equality of production cross sections for
cumulative 7t -mesons and K -mesons can be qualitatively
comprehended within the fragmentation model. Indeed, cumulative
n+7mesons and K+—mesons result from picking up a d or s antiquark
by a valence u-quark. However, there is no complete thecoretical
explanation of difference in the character of the A-dependence for
pions and K'-mesons. i

Note that the recently obtained {[26] A-dependence for
production cross sections of cumulative A-hyperons coincides with
the A-dependence for cumulative protons and thus for K'-mesons.

Actually, at present there are no completed theoretical
calculations to explain specific features of K' -meson production
on medium and heavy nuclei. Measurements and theoretical

calculations for the simplest nuclear system, a deuteron, can be
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helpful in solving the problem of production of cumulative strange
particles. These calculations have been performed in ref. [27,28].
They are shown in Fig.9,10 . As seen, different assumptions on the
deuteron wave function lead to eésential quantitative effects,
which can be investigated by measuring the ratio of k" and w
production cross sections as a function of X.

The structure function G(X) for K is similar to the G(X) for
pions and K+—mesons, but its absolute value takes into account 5%
of the latter. The experimental data on the "K-/K+" [Fig.8] do
not confirm the generally accepted opinion that the sea quarks
have a “smoother" distribution. Thus, we have obtained the first
experimental data which give evidence for the presence of the
"hard sea" in the structure functions of nuclei in the region of X
from 1 to 2.5. The "hard sea”™ momentum distribution is similar to
that of valence quarks in the cumulative region.

CONCLUSIONS AND PROGRAM OF FURTHER INVESTIGATIONS

So we think that already now the available experimental data
and their theoretical interpretation allow the nuclear structure
functions to be considered independent objects of hadron physics
(irreducible to one-nucleon objects). Common properties of these
structure functions and their individual specific features related
to the lightest deuteron nucleus have been discussed above.
However, there are some new experimental setups which allow one to
study other properties of structure functions [29]. These
experiments are aimed first of all at studying properties of
structure functions of the lightest nuclei in detailed inclusive
and correlation experiments with a two-arm spectrometer DISK
and magnet—-free hadron spectrometers for detection of charged
hadrons and neutrons.

At first, spectra of cumulative protons and neutrens from
deuterium nuclei up to the kinematic boundary of the reaction are
suppesed to be measured at different registration angles. The
reaction of deuteron fragmentation in interaction with protons is
is the simplest reaction and a key to understanding nucleon
degrees of freedom in hadron—nuclear interactions, to

determination of the nonnucleon component in the structure
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function of deuterium. The installation DISK allows detailed
measurements of proton spectra in the reaction p+D->p+ ... in
the interval of secondary proton momenta from 250 MeV/c and up te
the kinematic boundary of the reaction for the angles from 180° to
60°.

It is clear that with inecreasing primafy energy of incident
protons the kinematic limit the reaction becomes higher and thus
we get an ‘'increasing" contribution of small internuclecn
distances (large relative momenta of nucleons in deuteron), where
manifestation of the 6g-component can be expected. In the
experiments with DISK the region of target fragmentation at the
primary proton energy up to 9 GeV is studied. This energy is twice
as high as in the experiments on the study of deuteron beam
fragmentation (4.5 GeV/nucleon).

S0, one can study the deuteron wave function at higher
relative momenta of nucleons in deuteron (up to =900 MeV/c). In
the experiments with DISK one will study the dependence of proton
production cross section on the transverse and longitudinal
components of the momentum near the kinematic boundary of the
reaction, the behaviour of cross sections for production of
cumilative protons from the primary energy within one experiment,
which will undoubtedly contribute to clarification of the
deuterium fragmentation mechanism in the proton. In the report
much attention was paid to discussion of results on K+—meson
production on nuclei.

In the program of experiments at DISK we are going to
investigate cumulative production of K= and K -mesons on the
lightest nuclei of deuterium and helium.

Difficulty in experimental investigation of cumulative kaon
production arises from a small production cross section. The
momentum being the same, the cross section for K' production on
medium and heavy nuclei is two orders smaller than that for
pions, and the cross section for K production is suppressed by
another two orders. Acceptance of DISK is 4.5%10°° sr. It could
allow investigations high-intensity beams (up to 2x10"" particles
per cycle) with targets of thickness up to 10 g/cm’. Using a
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cryogenic target, we have to be restricted to a thickness of = 1
g/cma,for investigation of nucleus-nucleus interactions we have
beams with intensity up to 5%x10° nuclie per cycle. So we connect
the prospects of these investigations with high- intensity beams
of protons and nuclei. The expected yield of kaons with the
momentum 500 MeV/c and angle of emission 180° from a 1 g/cm3
deuterium target is =§ K+—mesons (with allowance for additional
suppression of cross sections for Kt production on deuterium by an
order or so) and 0.6 K+—mesons at the intensity 5x10""
protons/cycle in an hour of accelerator operation.

So far the technique cof two-particle correlation measurements
has been utilized and results have been obtained in measurement of
two-particle pp, 7#p dp correlations in cumulative preduction of
particles. The correlation investigations are supposed to be
continued,

In ref. [30] V.S5.Stavinsky developed a unified approach to
description of reactions producing particles with large momenta
and of cumulative hadron production processes. Underlying the
approach is the idea of minimum economic interaction. According to
it, the inclusive cross section for particle production in extreme
situations, i.e either cumulative production or production of a
hadron with a large transverse momentum, depends on the minimum
possible total energy of colliding constituents. In this approach
existence of kinematic regions with the two-particle correlator Rz
>>» 1 is predicted. The search for dynamic correlations is supposed
to be carried out at the installation DISK. Besides, predictions
of wvarious theoretical models, e.g. the model of few-nucleon
correlations, are supposed to be checked in the correlation
experiments.

Thus, the experimental investigations tco be carried out at
the installation DISK will allow new experimental data. These data
will be a great help in studying non-nucleon degrees of freedom,
constructing the relativistic wave function of deuterium, studying
the yield of strange particles and correlation phenomena, which is

necessary for construction of a consistent deuteron theory.

281



10

12.

13
“14

15.

- 16.
17.

18

19.

20.

205
22.

REFERENCES

Baldin A.M. et al., Proc. Rochester Meeting APS/OPF,N.Y.
p.131, 1971.

Baldin A.M., Brief Comm. on Phys., p.35, 1971.

Baldin A.M., Nucl.Phys., A434, p.695,1985.

Baldin A. M. et al., Yad. Phys., v.20, p.1201,1974,

Shroeder L.S. et al. Phys.Rev.Lett., v.43, P.1787,1979.
Zolin L.S. et ai., Yad. Phys., V.49, p.473,1989.

Leksin G.A.. Proc. of XVIII. Int.Conf. on High Energy
Physics, Tbilisi, v.1, p.A6-3, 1976.

Alanakyn K.V. et al. Yad.Phys., v.26, p.1018,1977.
Efremenko V.I. et al. Phys.Rev.D,v.22, p.2581, 1980.

.Gavrilov V.B. et al., Preprint ITEP-96, Moscow, 1985
2,

Baldin A.M. Proc.Conf. on Extreme States in Nucl. Systems,
Dresden, v.1, p.1, 1980.
Ochs W., Nucl.Phys. B118, p.397,1977.

.Stavinsky V.S. JINR Communications P2-9528 ,Dubna, 1976
-Baldin A.M. et al. JINR Communications E1-82-472, Dubna,

1982

Baldin A.M., Panebratsev Yu.A., Stavinsky V.S., DAN USSR
279, 1352(1984)

Boyarinov S.V. et al., Yad. Phys., v.50, p.1605, 1989,
Boyarinov S.V. et al., Yad. Phys., v.47, p.1472, 1987.

-Boyarinov S.V. et al., Proceedings of the IX International

Seminar on High Energy Physics Problems V'l P29,

Dubna, 1988.

Kaptar L.P., Reznik B.L., Titov A.I., Yad.Phys.,v.42,p.777,
1985.

Braun M.A., Tokarev M.V.,Proceedings of the third
International Symposium “Pion-Nucleon angd Hadron-Nucleus
interactions at the intermediate energies",p.311

LINR, Leningrad, 1986.

Strikman M.I., Frankfurt L.L., Phys.Rep.,v.160,p.235,1988.
Baldin A.M. et al.,JINR Communications E1-82-472, Dubna,
1982.

282



23.Efremov A.V., Particles and Nucleus, v.13, p.613,1982.

24.Kaidalov A.V. et al., Proceedings of the IX International
Seminar on High Energy Physics Problems ,v.1,p.271,
Dubna, 1988.

25.Brenev et al. Phys.Rev. D26, 1497(1982)

26.Vorobjev L.S5., Preprint ITEP-126, Moscow, 1987.

27.Baghanski I.I. et al., Yad.Phys.,v.45,p.910,1%87.

28.Braun M.A., Tokarev  M.V.,Proceedings of the third
International Symposium "Pion-Nucleon and Nucleon-Nucleon
Physics", p.398,LINR, Gatchina, 1989.

29. Averichev G.S. et al.,JINR Rapid Comm.,2-89,p.103, Dubna,
1989.

30.Stavinskij V.S., JINR Rapid Comm., 18-86, p.5, Dubna,
1986.

283



The Quark Model, Deuteron Properties
and Magnetic Moments *

Amand Faessler
Institut fiir Theoretische Physik
Auf der Morgenstelle 14
Universitit Tibingen
D-W7400 Tiibingen, Germany
1. INTRODUCTION

The first idea about the nature of the nucleon-nucleon interaction came from
Yukawa in 1935. He assumed that the strong interaction between two nucleons is
carried by an interaction quantum, which is a particle of a medium heavy mass
of about 200 MeV, the meson. After finding the 7 meson one thought one has
found the carrier of the strong nuclear force. But the fifties saw a time where more
and more mesons were found which contribute to the nucleon-nucleon interaction,
One of the high points of this development was the suggestion of Gregory Breit
in 1958 that the short range repulsion should be due to a vector, isoscalar meson,
the omega meson (w) of the order of 800 MeV. It was a big success of the meson
exchange theory of the nucleon-nucleon interaction when this w meson was found

also experimentally.

But just the w meson shows that this cannot be the whole story. Flavor symme-
try SU(3) predicts from the p-nucleon coupling the w-nucleon coupling squared
Can/@T) =45 In reality one needs to reproduce the short repulsion according
to the Bonn-potential values between 12 and 24 Normally flavor SU(3) is only
violated within 30 % or less. The need to blow up thew — NN coupling constant
by a factor 3 and more indicates that the w meson must carry a load for which
it is not prepared. After we learned that the nucleen is composed out of three
valence quarks, gluons and sea quarks it is natural to look on the quark level for

the nature of the short range repulsion. Indeed we will show in the next chapter

R e N
* Supported by the Deutsche Forschungsgemeinschaft.
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that the short range repulsion of the NN interaction can be understood in the

quark model by the symmetry of the §-valence quarks.

The main purpose of this lecture is to search for quark degrees of freedom in the

deuteron properties and in finite nuclei.

In the third chapter we calculate the deuteron wave function in the quark cluster
model for the electromagnetic deuteron form factors of the elastic electron deuteron
scattering we include the impulse term where the photon is directly interacting
with the quarks and exchange currents. These exchange currents can be on the
quark leve!l due to quark exchange stemming from the antisymmetrization of the 6-
valence quarks in the two nucleons. They can originate also from meson exchange
currents. The specific quark degrees of freedom show up in these meson currénts
if also a quark pair is exchanged due to the antisymmetrization on the quark level
between the two nucleons. Without quark exchange the meson exchange currents
can be included on the nucleon level by suitably choosing the photon nucleon vertex
function. Additional contributions come from gluon exchange currents. These are
Vexchange currents where the pﬁuton is absorbed by a quark-antiquark pair and
the antiquark is again annihilated with the quark by exchanging a gluon to some
other valence quark. Again these terms show up as quark degrees of freedom which
cannot be treated on the nucleon level only if at the same time a quark pair is

exchanged due to antisymmetrization of the 6-valence quarks.

Finally in chapter 4 we calculate magnetic moments and magnetic form factors
in finite nuclei including quark degrees of freedom. On one side we calculate
contributions in the impulse approximation where the photon exchanged between
the electron and the nucleus or the magnetic moment operator and the nucleus
is interacting with a quark. But these terms can be included on the nucleon
level by again suitably chosing the photon nucleon vertex function. Quark degrees
of freedom which cannot be described effectively on the mucleon level arise by

additional quark exchange between two nucleons due to the antisymmetrization of
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the valence quarks. In addition one gets also quark degrees of freedom involved if
one has meson and gluen exchange currents between quarks of different nucleons.
This leads to two body currents in the magnetic moments and the magnetic form

factors stemming from quark degrees of freedom.

The quark degrees of freedom are best seen at high momentum transfer above ¢ =

5 fm ! for the magnetic dipole form factor of the deuteron. Especially the spin

degrees of freedom of the quark exchange currents give here a large contribution.

The magnetic form factors for elastic electron scattering in nuclei away by one
nucleon from double closed shells are affected by quark exchange currents but
even in the maxima, this contributions are so small that their effect could not be
seen relaiive to effects coming from configuration mixing (Arima and Horie, ref.
6) and relative to the meson exchange current. A large effect from genuine quark
degrees of freedom due to quark exchange currents can be seen in the isovector
magnetic moments of the two nuclei with one proton and one neutron more or
less as double closed shell nuclei. Specificly for 3K and 3*Ca where the Schmidt
value is relative small {due to the cancellation of the spin and the orbital part)
one obtains a surprisingly large effect of 21% of genuine quark degrees of freedom
{quark exchange current) relative to the Schmidt value. The quark degrees of
freedom improve here the agreement with the experiment considerably.

The work presented here has been published in a series of papers together with
A. Buchmann and Y. Yamauchi {ref.9,10). The magnetic form factors for elastic
electron scattering on finite nuclei and the work on the isovector magnetic moments

is contained in a paper with Yamauchi, Buchmann and Arima (ref. 11).
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2. THE QUARK MODEL AND THE NUCLEON-NUCLEON INTER-
ACTION

At large distances the nucleon-nucleon interaction can be represented quite suc-
cessfully by exchanging mesons between the centre of mass of nucleon 1 and the
centre of mass of nucleon 2. At smaller distances as indicated in fig. 1 it makes no
sense to exchange mesons between the centre of mass of nucleon 1 and of nucleon
2 since due to antisymmetrization it is not even known where the centre of masses
of the two nucleons are, since the antisymmetrizer attaches the 6-valence quarks in
each of the ten terms of the antisymmetrization to other nucleons. The difficulty
of the meson exchange model at short distances might be indicated by the too
large w — NN coupling constant needed to reproduce the data as indicated in the

introduction.

At short distances (below 1fm), where the quark contents of the two nucleons
overlap, the quark degrees of freedom should play a major role in describing the

nucleon nucleon interaction and especially the short range repulsion.

In the non-relativistic quark model one uses for the quark quark interaction the
one gluon exchange potential (OGEP) and a linear or quadratic confinement term.
In addition the 6-quark Hamiltonian of the two interacting nucleons contains the

rest mass of the quarks and the kinetic energies.

% hd 2 i
AQuark = Y lm; + 2—":;] + Y VOCEPG,5) — aki - A (L
=1 i<j=1

A; are the eight color octet matrices acting on quark ¢. The scalar product between
the two color matrices A; and A; is to be taken over the eight different color

matrices for quark ¢ and quark j.

_ The last term is the quadratic confinement term which is described microscopicly

by the exchange and the interaction of many gluons.
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The one gluon exchange potential (OGEP)

2
ocep _ 9" 1 1. - 2
V:” = é—ﬂ_zt\; 2[?+m—g{1+§€1'02)5(!‘12) + tensor + l'(S]%‘Sg)%...]

(2)
thus contain in addition to the color Coulomb and the color magnetic interaction,
which are written explicitly, tensor and two-body spin orbit contributions and
additional momentum dependent terms. We did not write them down explicitly
since they are quite lengthy although the tensor term plays an important-role for

the description of the deuteron.

In addition to the quark Hamiltonian (1) we have to include to deseribe the
nucleon-nucleon interaction at large distances pion exchange between the different
quarks and the exchange of a scalar and isoscalar ¢ meson. The pion-quark cou-
pling constant is adjusted so as to reproduce the known pion nucleon coupling with
the quark wave function of the nucleon. The o-quark and by that the o-nucleon
coupling is the only quantity adjusted to the nucleon-nucleon phase shifts. The
other parameters like the mass of the quark m,, the strong gluon-quark coupling
constant g2 /{4r), the oscillator length & and the confinement parameter a are ad-
justed to three-quark data like the nucleon mass, the A mass the root mean charge
radius from electron-proton scattering and the stability condition for the mass of
the proton. The last condition says that the derivative of the proton mass as a
function of the oscillator length & shou.id have a minimum at the charge root mean
square radius iﬁcluding also the charge distribution from the pion cloud which
surrounds the nucleon (ref. 4).

As already mentioned above the only quantity directly fitted to two nucleon data
is the ¢ meson-nucleon coupling. (g2/(4w) = 3.34). The same parameters which
reproduce the nucleon-nucleon phase shifts as shown in fig. 2 and 3 describe also
the hyperon nucleon interaction. That means with the same parameters we can
describe the world data collection (ref.14 and 15) of the nucleon-lambda and the

nucleon-sigma interaction.
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Fig. 1.
Qualitative sketch of the nucleon-nucleon interaction in the meson ex-
change model at large distance between two nucleons consisting out of
three valence quarks and the interaction between two nucleons at smaller
distances where the quark contents of the two nucleons overlap. In the
last case it makes no sense to describe the nucleon-nucleon interaction by
the exchange of mesons between the centre of gravity of nucleon 1 and
of nucleon 2. Due to the antisymmetrization it is not even known where
these centres of gravitly are since the antisymmetrizer attributes in all
different ten terms different quarks to nucleon 1 and nucleon 2. The short
range part of the nucleon-nucleon interaction must be described within

the quark model.

100
1
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~—~ Amdtef of

'Sy Phuse shift (degrees)

Ergp{ MeVl

Fig. 2.
Singlet Sy phase shift from proton-proton scattering (isospin T = 1). The
dashed curve are the experimental phase shifts by Arndt and Mc Gregor
while the short dashed line is the calculation of the quark model (ref.12).
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The figure shows the *S1 nucleon-nucleon phase shifts. The long dashed
lines are the experimental values of Arndt and Mc Gregor (ref.13), while
the short dashed line is the result of the present model calculation (ref. 12).

The quark cluster model explains also nicely the short range repulsion of the
nucleon-nucleon interaction (ref.1 and 16). Fig. 4 shows the spatial symmetries of
the 6-quarks at small distances.

From Fig. 4 one sees that it is more probable by the weight 8/9 to have at short
distance the [42] symmetry compared with the completely symmetric orbital wave
function {6] which has only the weight 1/9. Fig. 4 indicates also the lowest energy
realizations of the orbital symmetries (6] and the mixed orbital symmetry [42]. The
last configuration requests at zero distance of the two nucleons (r = 0) that two
quarks are in the 1p state for the lowest energy realization of this configuration.
The usual way of representing the two nucleon wave functions by 6 quarks in the
1s state is only at most available with the probability 1/9. It is obvious from
that the [42] orbital symmetry cannot be neglected. If for a moment we neglect

1/9 compared to 8/9 we have at small distances r = 0 at least two harmonic

290



@2 e A4

=

oD x 00 —> oo+ SHFH
[3], x [3], —> 361, +3(e2],

Fig. 4.
The left hand side shows two nucleons in the quark model at distance
r. In each of the two nucleons all three valence quarks are in the 1s
state. Group theory tells us that if the two nucleons are in a relative
orbital S-state the permutation symmetry of all 6 valence quarks can
cither be only completely symmetric [6] or have the [42] symmetry. The
square of the Clebsch-Gordan coeflicients of the permutation group of 6
objects gives also the probability to find the completely symmetric spatial
representation [6] or the [42] symmetry.
oscillator quanta excited. Or in other words at least two quarks have to be not in
the 1s state. For the lowest configuration they are in the 1p state. That means
at short distances this configuration with the probability 8/9 has at least two
harmonic oscillator quanta excited. If one moves again the two nucleons apart at
distance » as on the left hand side of Fig. 4, one sees that inside the two nucleons
one has no harmonic oscllator quanta excited. Since one has to conserve the
number of harmonic oscillator quanta, the two quanta must be contained in the

relative motion. If one expands the relative § wave function of the two nucleons

in harmonic oscillators
u(riz) = aq|ls > +a3|2s > +agl3s > +... with: oy =0 (Pauliforbidden) (3)

one finds that the 1s amplitude must be zero since all parts of the wave function
have to contain at least two harmonic oscillator quanta if one considers the orbital
[42] symmetry. Thus the relative wave function u(ryz) is dominated at small
distances by |2s > and therefore has a node near the so-called hardcore radius

(r = 0.4fm). This node is seen in the asymptotic phase shift measured by the
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differential cross section. To explain the node one requests that the nucleon-
nucleon interaction potential has a hard or soft core at this radius. In reality the

node in the wave function is enforced by the orbital [42] symmetry.

3. DEUTERON FORM FACTORS

To describe deuteron properties one has first to reproduce the deuteron binding
energy of 2.2 MeV. With the o-nucleon coupling constant ¢2/(47) = 3.34 one
obtains a binding energy of 3.3 MeV. This discrepancy between theory and ex-
periment seems at the first moment disappointing, after the big success for the
nucleon-nucleon phase shifts and even the hyperon-nucleon scattering data. But
one has to keep in mind that in the non-relativistic quark model one is not only
caleulating the binding energy of the deuteron but the total energy of the order
of 1875 MeV. Although one is fitting the nucleon mass one should keep in mind
that a discrepancy of 1 MeV is not much for such a number. But the quality of
the deuteron wave function has to be better than that to study quark degrees of
freedom in the deuteron form factors. Thus we readjust the o-nucleon coupling
constant and obtain g2/(47) = 2.68. To calculate the deuteron we include the
same diagrams as for the nucleon-nucleon interaction. A typical selection from
these diagrams is shown in fig. 5. The results (ref.10,17) are shown in table 1.

The elastic electron deuteron cross section is described by a longitudinal and a

transversal form factor.

Do =(5),,. 4@+ B D)
Alg) = F2(q) + a1¢°F3(q) + 29" Fiy(q) )

Blq) = B¢ (1 + ¢ )Fi(¢)
¢ is the momentum transfér and FgFy and Fiy indicate the Coulomb, the

quadrupole and the magnetic dipole form factors. The iransversal form factor

B(qg) is only given by the magnetic dipole form factor Fy,.
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g2 /{4m) = 2.68 Pp[%] 1olpN] Qplfm?

Quark Model 5.23 0.850 0.266

Ezp. — 0.857 0.286

Table 1.
Deuteron properties for the o-nucleon coupling constant g2 /(4r) = 2.68.
The D state admixture is given in % while the magnetic moment Is in-
dicated in units of nuclear magnetons [py] and the quadrupole morment
Qp in units of [fm?]. The first line gives the theoretical values, while
the second line lists the experimental data.

A B e o
j Lo

9 P = >

L X, L x,

fb [

T k3>

Fig.a.
Selection of diagrams included in the calculation of the deuteron wave
function. One includes the one gluon exchange potential (OGEP) be-
tween all different quarks, pion exchange with and without antisym-
metrization for the large distances and the exchange of the scalar and
isoscalar ¢ meson between the quarks. The pion cloud is also included in
each nucleon (intracluster pion exchange).

We first give the results in the impulse approximation shown in fig. 7.
The diagram of fig.7a can be also described phenomenologically on the nucieon
level by introducing a suitable photon nucleon vertex function. But the quark

exchange diagrams (b) and (c) cannot be included phenomenoclogically on the
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Fig. 6.
The deuteron 5 and D wave functions. Full curves: relative deuteron
wave function In the quark cluster model; dashed curves: two-nucleon
model wave functions calculated with the Paris potential (ref.18).

& () S

Fig. 7.
One body impulse current in the quark cluster model: (a) direct term,
{b,c) quark interchange terms. The solid lines represent quarks and the
wavy lines photons.

nucleon level. They represent genuine quark degrees of freedom. For the Coulomb
and the quadrupole form factors the quark exchange diagrams of fig. 7 do not
contribute appreciably and they are not measurable at the moment. But the

magnetic dipole form factor seems to have a measurzable effect.

Due to the large spin g-factors the spin magnetization current of the quark ex-
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Magnetic form factor |Far(q)i as a function of the momentum iransfer

¢ for the direct impulse term (Fig. T7a; solid line} and the direct plus

exchange terms (all diagrams in Fig. 7; dashed line).
change term is contributing appreciably as shown in Fig. 9. The spin exchange
term as given by diagrams in Fig. .7 b,c can flip the spin of the nucleons and
therefore these terms represent large spin magnetization currents. One sees in
Fig. 9 that at momentum transfers above 6 to 7 fm™! the differences could easily
be detected. Thus elastic electron scattering on the deuteron and especially the
transversal form factor can show genuine quark degrees of freedom.
Fig. 10 and Fig. 11 give the differential cross section calculated with the impulse
terms only (Fig. 7a). Ouly the transversal form factor is sensitive fo the quark
exchange diagrams (Fig. 7b and Tc).
Fig. 12 shows in addition to the impulse diagrams of Fig. 7 also the two-body

pion and gluon pair exchange diagrams in the quark cluster model.

The two-body exchange currents indicated in Fig. 12 can be calculated in two

ways. Either one uses the minimal substitution

e
pPi » Pi— T:-A (5)
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Fig.9.
Contributions to the magneiic form factor from the spin magnetization
current {solid and dashed lines) and the convection current (dashed dot-
ted line). The spin magnetization current is devided in the direct part
(Fig. 7a; solid line) and the contributions from the direct and exchange
parts {Fig.7b, 7c; dashed line). For the convection current contribution

(dashed dotted line) the spin exchange terms do not contribute apprecia-
bly.

in the one gluon exchange pote:léltia.l or ene calculates diagrams according to the
Feynman rules. If one is consistent in the non-relativistic reduction one obtains
the same results. (This twofold derivation of the two-body currents is a-very useful
check of the calcuiation.) Again the magnetic dipole form factor is most sensitive
to the pion and gluon exchange currents with quark exchange (Fig. 12c-g). These
results are indicated in.Fig. 13.
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Fig.10.

Longitudinal form factor A(g) from the elastic electron deuteron cross
section (4) compared with the data. The theoretical calculation includes
only the impulse approximation with quark exchange currents as shown
in fig. 7, but no meson and gluon exchange currents (Fig. 12). This
longitudinal form factor is not appreciably effected by the quark exchange
diagrams of fig. 7b and Tc. The data are taken from ref. 19. The solid
line gives the direct quark terms only (Fig.7a), while the dashed line
includes also the quark exchange terms Fig. 7b and 7.

4. QUARK MODEL AND THE MAGNETIC MOMENTS OF NU-
CLEI

To describe the magnetic moments and the elastic electron scattering of nuclei we
start with the impulse approximation corresponding to Fig. 7 but now we have
instead of two nucleons for the deuteron 16 nucleons for 0. But still the photon
exchange between the electron and the nucleus or the magnetic moment operator
i interacts only with one quark. The interaction is given by the product of the

vector potential 4, and the single quark current J*.

Hine = —A,J* (6)

15
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Fig. 11.
Transversal form factor B(q) from elastic electron-deuteron scattering (4)
compared with the data. The theoretical calculation shows the impulse
approximation without and with exchange currents. The data are taken
from ref. 19. The solid line gives the direct quark term only (fig. 7a),
while the dashed line includes also the quark exchange terms (fig. 7b and
7l

The one quark current operators

Jo= E e;e' T
=

el oo i
J= Zz—w[eml_‘vi +q X oie K ‘]
i=g

(M

represent the charge of the different quarks with the momentum transfer ¢ from

the photon and their currents. The one quark magnetic operator is given by:

,. e;h

&= : 2772,'0
i=g

(1 + gssi (8)
in egs. (7) and (8) the sums run over the quarks g. ; is the charge of the different
up and down quarks. m; is the quark mass. The magnetic moment operator is
later on more suitable derived from the currents.

h
= bm —V,x3 ©)

= Im —
lal—0 2ci ¢

16
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Fig.12.
The two-body pion and gluon pair currents in the quark cluster model:
(b} direct inter cluster term, (c-g)} quark interchange terms; the dashed
line represents the pion or the gluon exchanged between quarks. For the
gluon the matrix element represented by the diagram of Fig. 12a vanishes
due to color selection rules (no color singlet gluons).

The currents (7) yield on the nucleon level one nucleon currents (the diagram
of Fig. 7a) and two nucleon currents if one includes the antisymmetrization of
the quarks. To make the calculation feasible we restrict ourselves always to the
antisymmetrization of the quarks in two nucleons. In this way one obtains on
the nucleon level atmost two-body currents. Further contributions to two-body
currents one obtains due to meson and gluon exchange in the same way as in
Fig. 12. The results shown here include only the two-body currents due to quark
antisymmetrization the derivation of the two-body currents due to quark and
gluon exchange without and with antisymmetrization on the quark level is still in

progress.

The two-body nucleon currents correspending on the quark level to Fig. 7 are
again derived either by minimal substitution (5) or by using Feyman rules. With

consistent non-relativistic reductions both procedures yield the same operators.
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IF,dq)] Magnetic Form Factor
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Fig.13.
Deuteron magnetic-dipole form factor as a function of the momentum
transfer q. The dashed-double-dotted curve is the conventional impulse
approximation; the dotted curve gives the pion pair exchange current
without quark antisymmetrization. The dashed curve is the diagram
with the pion exchange current with quark antisymmetrization. The
gluon exchange currents give slightly smaller contributions and are not
shown here. One sees that at high momentum transfers the pion exchange
current with quark antisymmetrization is even larger than the usual pion
exchange current without quark antisymmetrization.

Integration over the internal quark degrees of freedom yield then non-local two-

body currents on the nucleon level. -

Jﬂ(rn I"; R; q)
i
r= E[rl +rz+r—ry—r; —rg)
6 (10)
R= 6‘{"1 +r24+r3+ 1y 415+ 1)

Here r and r' are the non-local distanwsrbetWeeu the two nucleons considered. R,

is the centre of gravity of these two nucleons. The nuclear wave function is chosen
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to be a shell model Slater determinant. The short range correlations between the
nucleons are important and are included solving the Bethe-Goldstone equation.
2

P 1
[y 3l

P;
2mN

+%me2r§+Q(1,2)VN1N2(r1.rg; R)|bas(1,2) = Bagbas
{11)
Here the non-local nucleon-nucleon interaction Vi, n, is obtained using for the
quark-quark interaction from Hamiltonian (1) the quark wave functions shown in
Fig. 4 on the left hand side for the distances r and on the right hand side for r'.
All the internal quark degrees of freedom are integrated out so that the nucleon-
nucleon interaction depends only non-locally on the distance of the two nucleons
on the left and on the right and on the centre of gravity of the two interacting
nucleons R. @ (1,2) is the Pauli operator in the harmonic oscillator space. Fig. 14
shows relative 15 and 35 wave functions from the solution of the Bethe-Goldstone

equation.
The relative Belhe—Coldatone wL ( oed =0 )
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71
BI
H
e .
- s e 15 £ z5 ae
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Fig. 14.

Relative harmonic oscillator S-wave function (dotted line) compared with
the solution of the Bethe-Goldstone equation for *S (solid line) and 'S
(dashed-dotted line). One clearly sees the short-range correlations which
stem here from quark degrees of freedom.
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The electron nucleus cross section and especially the transversal form factor B(q)

is now determined in the following way:

(28 o = (36) o [0+ a5

with 1 B(g) o 1+ @)ITT" (9 (12)
e (=D o ¥
TJM (‘1) = Tﬂ_e d‘I[YJ X -”M

The magnetic moments are determined from the one-body operator (8) and the

contributions from the two-body currents defined as in eq. (9)-

A
p="y < Nucl;JIjti:|Nuel; JT >
=1 (13}
+1m Y < Nuc; FIEE b (Wucks TS
q—0 g T i !

i<y

From Fig. 15 one sees that the quark exchange effects cannot be seen in elastic
scattering on nuclei with one proton or one neutron less or more than double closed
shells. The situation is different for the magnetic moments as can be seen in table
B

For the mass A = 39 system ** K and 9Ca one obtains a large effect due to quark
exchange currents (Fig. 7b and c). Although the agreement with the experimental
data is by that greatly improved, we won’t not so much stress the better agreement
but the fact that genuine quark degrees of freedom as contained in the graphs of
Fig. 7b and ¢ can be seen in magnetic moments. The fact that just the mass 39
system is so sensitive is due to the fact that the spin and the orbital contribution
for the Schmid value cancel each other by a large part and due to the fact that
the quark exchange current contributions {QEC) are roughly proportional to the

mass.
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Fig.15.
Transversal form factor of 1N as a function of the momentum transfer
q the dotted line gives the impulse approximation which describes the
interaction of the elasticly scattered electron with only one nucleon. The
dashed line is the impulse approximation plus the configuration mixing
according to Arima and Horie (Ref. 6). The long dashed line includes
the meson exchange currents calculated between the nucleons. The solid
line also includes quark exchange effects.

Fig. 7b and ¢ can be seen in magnetic moments. The fact that just the mass 39
system is so sensitive is due to the fact that the spin and the orbital contribution
for the Schmid value cancel each other by a large part and due to the fact that
the quark exchange current contributions (QEC) are roughly proportional to the

mass.
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A CM® MEC QEC EXP

15 5.5 72 -0.1 111

17 -16.9 15.5 1.6 1.3

39 422 —48.3 —-20.9 —-38.4
Table 2.

Isovector magnetic moments in nuclei with one proton or one neutron
more than double closed shell nuclei. The values are given in percentages
of the relative change to the Schmid value. 5.5 means an increase of 5.5
% of the Schmid value due to configuration mixing as first proposed by
Arima and Hori (Ref.6) the isovector magnetic moment is calculated as
the difference between the magnetic moments of nuclei with one proton
and one neutron more or less than double closed shell nuclei.

5. CONCLUSIONS

In this invited talk we have essentially communicated three messages:

(i) A short range repulsion of the nucleon-nucleon interaction is not due to the hard
or soft core in a static nucleon-nucleon potential but is due to many body symme-
tries of the 6-valence-quarks of the two interacting nucleons. At short distances
the spatial symmetry is of {42] nature with the probability 8/9. This requests that
one has at least two harmonic oscillator quanta in the relative wave function. That
means one has a node in the interaction region which produces a hard core phase

shift in the differential cross section.

(i) In the elastic electron deuteron scattering genuine quark degrees of freedom
can be seen in the transversal form factor which is proportional to the magnetic
dipole form factor Fari(g). These quark degrees of freedom show up at momentum
transfers above Sfm_l or 1GeV/c. They are essentially due to spin magnetization
currents.

(iii} In finite nuclei one finds genuine quark effects which cannot be explained on
the nucleon level for the isovector magnetic moments of nuclei one nucleon away
irom doubly closed shells. For the mass A=39 system the quark exchange currents
due to the antisymmetrization of the quark wave function contribute 20 % to the
Schmid value.
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INTRODUCTION

Recently, common attention has been drawn to the so-called "spin crisis”. There, the
EMC has measured the proton structure function ¢f(z) and it is its first moment has
been extractedl. Within the parton model this function is expressed via the quark
distributions over helicity within a proton :

) =23 & (=) — €. @),
2 &

i

where qit(—)(E) is the probability that a quark of a flavour ¢ has the-helicity paral-
lel (antiparallel) to the helicity of the proton. The integrals of the difference of the
distribution functions:

M=[amm—ﬁm )

are connected with the matrix elements of the axial vector current between the baryon
octet states which can be measured in the nucleon and hyperon f—decays and alsc in
the elastic scattering of a neutrino off a proton. Joint analysis of these data produces
the magnitude of the helicity carried by qua,rksﬂ]:

AT = Au +Ad +As =012+ 0.24, (2)
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So, under generally accepted assumptions about SU(3); breaking, one can estimate
the helicity of sea quarks[ 1.

AT = Au® +Ad +As® =—095+ 0.16+ 0.23 (3}

At the same time, it is known that the momentum fraction of the proton carried by
sea quarks is small

T
=y fo dz z(g3(z) + ¢2(z)) = 0.074 (@)

1t is large violation of the Ellis-Jaffe parton sum rulel for the spin-dependent proton
structure function gf(z) and the difference of an order between the magnitudes of the
integrals, Eq.{3) and Eq. (4) has led to the "spin c;isis“.(see[4]). Almost zero value of
helicity carried by quarks inside the proton determined from an analysis of the results!l]
means that, contrary to naive expectation, the helicity carried by sea quarks is so large
that it almost completely compensates for the helicity of valence quarks.

The anomalous large helicity of sea quarks has turned out extremely difficult to
explain within the known parametrizations of the distributions of sea quarkslﬁ]. Thus
the question arises: what are the features of the parton distributions that allow to
match so large sea polarization with its small momentum fraction?

A solution was suggested in our work!® where it was noted that introducing a
new Regge trajectory with a high intercept o(0) =2 1 caused by the Adler-Bell-Jackiw
{ABJ) a.nomalym and the Kogut-Susskind pole 8] (called further "anomalon™) provides
at least qualitative explanation of the experimental data on the structure functions of
sea quarks. In wor]\[(i] within the nonperturbative QCD based on the model of the
QCD vacuum as an instanton ]iquid[gl the = dependence of the distribution functions
of sea quarks inside the proton has been considered. In the present work we discuss the
nature of this trajectory and show that this trajectory defines not only the behavior of
the spin-dependent sea quark structure functions in the region of small z but also some
peculiarities of pp— and pj— interactions and p—nuclei interactions at high energies .

STRUCTURE FUNCTIONS OF SEA QUARi(S IN THE RANGE X — 1

To find expressions of distributions, one uses the noncovariant pertarbative
theory (NCPT) in the system of infinite momentum. The distribution functions are
connected with the light cone proton wave function expanded over free quark and gluon
Fock states

[ P>=[3g>+]|3¢¢5 >+ | 3q9 > +...
by the relation!10]

e ¥ [ldkadlded 8@ — o0 | ¥lhasr =) I, (5)
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where ®(n)(kyi,:) is the contribution of an n-particle component of the Fock state ,

= (k® + k%);/{po + pa) is the fractional (light-cone) momentum of the prot.on carried

by the i—th parton (35, @: = 1} and ky; is its transverse momentum (3°7; ki; = 0).

As © — 1, the contribution of a five-quark state ¥s(kis,2:) dommates in the

sea quark distributions. The diagrams corresponding to this contribution within the
instanton model of the QCD vacuum are presented in Fig. 1.

P P P +) (]_F

Fig. 1.The instanton contribution to the five-quark component of the nucleon wave
function (+ (-) - instanton (anti-instanton}).

Instanton vertex is defined by the ’t Hooft effective interactiont!1);

: 47%p? dky dky diks d*k
Lt = ”PHZ/ 100 0 O R SOk + by — ks — k)

= (2r )12
expl—p. Z | Fu [} @irlke)qiz{ks)gim(ka)gin(kq) (6)

[+ (= 3o, ol N + (R o D)),

where the coupling constant is obtained by factorization of the Ny—fermion 't Hooft
Lagrangian within the instanton liquid model, grr = [(1 + vs)/2lq, i,5— quark
flavours, p. & 2 Gev™! is an average size of an instanton in the QCD vacuum

It should be siressed that the vertex, Eq. (6), differs principally from the
perturbative quark-quark vertex caused by the one-gluon exchange. First, opposite to
the quark-gluon vertex the instanton-induced vertex flips the quark helicity, so that
for the N;— fermion vertex the helicity change is equal to 2Ny. Second, the vertex,
Eq. (6), is nonzero only in the case of quarks of different flavours. Thus, the quark sea
produced by instantons inside the proton should not be exactly SU;(2)-symmetrical.

In addition, since the instanton vertex, Eq. (6), changes the quark helicity by
2Ny, then the total angular momentum conservation requires nonzero angular momen-
tum of quarks in the intermediate state in Fig. 1. Then, it is obvious that the angular
momentum projection should be equal to the helicity change at an instanton. This
allows ones to estimate possible transverse momentum in a five-quark configuration by
the relation:

peky = 2N, (7

So for p. &= 2 Gev™, Ny = 2 one obtains k; = 2 Gev which is essentially larger than
average momentum of the valence quark inside the proton k1 =~ 0.35 Gev.
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In the integral, Eq. {5}, the regionim] T 1'2—:& s M} dominates. So one

can pui:

3

e 8z = z0) _
(=57

where my, = \fm2+ kiq is the transverse mass of g-quark inside the proton.

wpa) x4 [ ®

Thus, the only five-quark configuration of the proton Fock state satisfies both
the angular momentum and momentum conservation which contains at least two quarks
with large transverse momentum. For this configuration from Eq. (8) one can easily
obtain the asymptotics of the distribution functions:

5 (1-2)° ml << M?
9z4y X { {1—z) mgi . M:, 9

So for the quark sea from light u—, d—, s— quarks there are two regimes, Eq. (9),
and for heavy ¢—, b—, t— quarks there is one:

gy (L—a)

The hard component of the quark sea produces very interesting consequences.
Indeed, the experiments on charm production in the hadron interactions/1¥ produce
the hard spectrum of charmed particles. At the same time, this spectrum is practically
independent of the type of a hadron into which the charm is fragmented. The experi-
ments on cumulative particle production off nucleill¥] also unambiguously indicate the
hardness and similarity of spectra of all cumulative particles.

In our approach, these effects are easily explained by the fact that a quark with
a large transverse mass provides a dominant contribution to the momentum of a hadron
produced. Therefore, the spectra of secondary particles are almost completely defined
by the structure functions of a hard quark and are independent of the fragmentation
process.

Thus, we find the form of z-dependence as  — 1 of the sea inside the proton

g1 {2)zm1 = P(z)(1 — 2)" + Mi(z)(1 — 2)° + Na(z)(1 — z)3, (10a)
@ (2)gma = P(2)(1 — =)™ + 2Ny (2)(1 — 2)® + 2N,(z)(1 — 2)® (10b)

where the first terms of these relations describe the contributien of a quark sea due to a
perturbative gluon (n a2 7 within the quark-counting rule (see [153)), P(z), NMi(z), Na(z) —
const as z — 1.

The difference between the coefficients in Eq. (10a) and Eq. (10b) comes from
the fact that the sea quark helicity is antiparallel to the helicity of the valence quark
off which the former is produced. Similarly, in our model it could be the substantial
breakdown of SU(2); in the sea quark distribution functions as z — 1: dj(z) = 2a;(z)

{I is the instanton part of Eq. (10a) and Eq. (10b}). Recently, the direct experimental
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evidence of the d sea excess has a.ppearedﬂﬁ] =)
1
] dz (d{z) — @(z)) = 0.140 + 0.024.
[}

In fact, the negative helicity of sea quarks and SU(2);—breakdown of the sea is
caused by the properties of zero fermion modes in the instanton field from which the
Lagrangian, Eq. (6), is constructed.

STRUCTURE FUNCTIONS OF SEA QUARKS‘ IN THE RANGE X — 0 AND
THE KOGUT-SUSSKIND POLE

As = — 0 all quark and gluon configurations of the proton wave function are
valuable and behavior of the distribution functions in this region is specified by the
Regge asymptotics. Usually one assumes (see [15]) that the Pomeron exchange with
intercept ay(0) & 1 dominates in the sum of the distributions ¢* (z) = ¢} (=) + ¢2(=),
and hence:

ll_'.“oq’{x) «1/z, (11)

whereas the difference Ag* (z) = g4.{x) — ¢° () is specified by the A;-meson trajectory
with a, = 0, and therefore
hl“o Ag*(z) o const. (12)

In fact, Eq. (12), which has been used in the analysis of experimental data by the
EMC[]], is derived from the selection rule

a(-1)6=-1 (13)

for the Regge trajectories contributing to the structure function g7 (x)[lf'] (o is signa-
ture). The well-known A;—trajectory with I = 1, ¢ = —1, G = —1 satisfies this
selection rule. However, it is obvious that this trajectory cannot contribute itself to
the isosinglet anomalous combination AX(z) = Au(z)+ Ad(z)+ As(z). In accordance
with the rule, Eq. (13), the only Regge singularity capable to contribute to AY is that
with quantum numbers [ =0, e =—1, G=1, C =1

In 01 we have suggested a new Regge trajectory with a high intercept e:(0) = 1
which allows us to obtain the singularity of the distribution functions as # — 0. Thereit
was also pointed out that the trajectory was probably related with the Kogut-Susskind
ghost in QCDIBL, Tt cannot contribute to the structure function gi(x) as it causes the
flip of the chirality of the proton (see Fig. 2) . However, the double-pole exchange can
contribute to the Compton amplitude of the forward scattering off the nucleon, as in
Fig 3, which is produced by quadrafing the diagram of Fig 2b.

*)This result is apparently to be considered as a preliminary one because nuclear effects inside the
deuteron can be essential (L.P. Kaptari, A.Yu. Umnikov private communication)
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Fig. 2.The contribution to the divergence of axial-vector current of a) direct
interaction of §'—meson, b) via the Kogut-Susskind pole .

In works, it was argued that the Kogut-Susskind pole effectively takes into
account, the contribution of heavy gluonic states to the correlator of hadron currents.
Hence, we suppose that this pole is reggezied and its trajectory ("anomalon™) contains
gluonic states with odd spin. It is easy to see that the "anomalon” has the quantum
numbers ¢ = —1, P=+41, C = -1, I =0. The intercept of the new trajectory should
obviously be equal to unity, @4(0) = 1, as ¢ — 0 we have the massless pseudo-vector
pole.

From this it is easy to obtain z-dependence of the contribution of the "anoma-
lon” to the structure function g (7). Namely, the A@ A-cut corresponds to the diagram
of Fig 3 and its contribution is

GE()ss0 = —a/(c1n?z). (19)

The minus sign in  Eq. (14) has the principle meaning since it leads to lowering of
the quark helicity inside the proton. Joining Eq. (10a), Eq. (10b) and Eq. (14)
we obtain the expression for the singlet distribution functions of sea quarks over the
helicity inside the proton

46 = Lo+l ma-aricu-ar), sy
e = Za-o L ma s eca-ol )

where the first terms of these relations describe the Pomeron contribution as z50
and the quark sea due to a perturbative gluon as z “+ 1 and the second terms describe
the contribution of the A® A-cut as z — 0 (Fig. 3) and instantons as = — 1 (Fig. 1).

= *

it Y

K, K,
P P

Fig. 3.The Kogut-Susskind pole contribution to the Compton effect off the proton.
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From Eq. (15a) and Eg. (15b) we obtain the contribution of the ABJ anomaly to the
spin-dependent distribution function in the form

1
#(z) = ————IB(1 — =)' + Ci(1 — 27 (16)
zin®z
and to the proton momentum
1
Ap® = j dz f [B.(1 -2+ (1 —=)f). an
o In“z

Unfortunately, the EMC data at low z : z < 0.05 have large errors; so it is
impossible to determine the constants By and C; separately from the datalll. In this
case we do the following. It is obvious that the anomaly dominates at small z and
essentially affects the value of the integral of g7(z):

f— fo ‘il (18)

If the anomaly were absent, then the Ellis-Jaffe sum rule would be correctiSl:

IFY = 0175+ 0.018 (19)
which corresponds to the quark helicity:

ATET — 060+ 0.12. (20)

Recently, the work(18] has appeared where the estimation was derived :

2N,

A KZ _ BTN i | WO
- 1IN, - 2N;

(21)

In 18] the circumstance has been used that the change of the axial charge is related
with the motion of the Dirac sea levels in the field of nonperturbative fluctuations (for
example instantons). Then, the magnitude of the proton axial charge should not de-
pend on the manner of regularization of the Dirac vacuum. By using this independence
and some natural assumptions inl!8) the model independent value, Eq. (21), has been
derived. For Ny =3 one has

AT = —0.22, (22)

which does not agree even in sign neither with Eq. (20) nor with the EMC number,
Eq. (2). We think that this discrepancy is due to incorrect extrapolation of the EMC
data into the small z region.

In order to overcome this difficulty one should obviously take into account the
anomaly contribution , Eq. (16). In addition, its contribution to the integral, Eq.(18),
should be such that the value, Eq. (22), of the quark helicity be reproduced. Further,
it is easy to show that the value of the integral , Eq. (18}, equal to

I5Z 2 0.086 (23)
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corresponds to Eq. (22). Then, from the difference of Eq. (19) and Eq. (23) we find
the contribution of the anomaly to the integral, Eg. (18),

I =~ —0.089. (24)

In Fig Lwe present our prediction of gf(z) satisfying Eq. (16), Eq. (23), and Eq. (24)
with the parameterization?:
0.151

gi(z) = Tzln’z

Here, the first term is the contribution of the anomaly; the second, which is regular
over x , was determined from the fit of the EMC data in accordance with Eq. (25).
This term corresponds to the valence quark contribution to g(z).

(1 —2)® +0.625(1 — =)>*". (25)

e Jin
0.0 | R
gpl(x)
-2.0 F
—4.0 i — — — valence quarks
A total
7 —— —— -—— anomaly
_6'0 :llul . fails ERATE G Es

0.001 0.01 0.1
x

Fig. 4-Spin-dependent structure function gf(z). Continues line is the fit of EMC
data by Eq. (25).

Under the parameterization, Eq. (25) , the contribution of the anomaly to the
proton momentum, Eq. (17), is equal to 2.7 % which is smaller than half a value of the
proton momentum carried by sea quarks, Eq. (4), (the rest 4.7 % is the contribution
of the perturbative sea). Here, we should stress that as ¢ — @ only the anomaly
contribution to Eq. (25) allows us to match two numbers Eq. (22) and Eq. (4).

Thus, the analysis of the distribution functions of sea quarks performed within
the nonperturbative QCD points out the necessity of introducing new Regge trajectory
related with the Adler-Bell-Jackiw anomaly and the Kogut-Susskind pole (*anomalon”)
in the QCD. How to manifest this trajectory?

DThe parameterization with the asymptotic form as z = 1 (1 — ) gives emsentially the same
behavior.
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ANOMALON AND DYNAMICS OF PP— AND PP— INTERACTIONS AT
HIGH ENERGIES

Really, this trajectory should be naturally manifested in the processes of hadron-
hadron scattering at high energies too. Now, the necessity of introducing the Regge tra-
jectory with a high intercept additional to the Pomeron is intensively discussed!!% 201,
This is primarily connected with the necessity to explain the form of differential cross
sections of elastic pp— and pp— interactions at high transfers | |= 1 Gev?. Namely,
the experiment points out two salient facts: absence of a second diffractive minimum
in pp interactions and existence of the shoulder in pp interactions at ISR energies and,
second, independence of the differential cross section of energy at | £ [> 2 Gev®.

Usually, these facts are explained by the contribution of the Odderon trajectory
(201 with quantum numbers ¢ = —1, P = -1, C = —1. Within perturbative QCD the
Odderon resembles the three-gluon exchange betweéen hadrons. However, there arise
some problems if the Odderon is applied to the data [21- 221,

Using the "anomalon” we arrive at a more natural explanation of these data.
First, due to the double-spin flip helicity amplitude induced by "anomalon” the latter
does not contribute to the total cross sections and thus the difference Ot — i = 0
as /s — oo. Further, we expect a very small slope oy of the "anomalon”. It is
connected with that this slope is defined by the size of an instanton while the slope
of the Pomeron is related to the confinement radius. Thus, we have simple estimation
o folp & {pof Roons)* = 1071, If as usual & = 0.2—0.3 , then we have afy = 0.02—0.03.
Therefore, we can neglect the slope of the "anomalon”.

Thus, the "anomalon” contribution to the amplitude of pp (pp) scattering may
be written as

Talt,s) =F mt)(i), (26)

where the up {down) sign corresponds to pp (pp) scattering. The residue in Eq. (26)
should be related to the distribution of the axial charge inside the proton and therefore,

(t) o [GIEUOP o 1/[L - 2/MF), (27)

where M2 & 1.4 Gev?[23],
The Pomeron amplitude corresponds to the expression:
p

. s Kd
Te(t,s) = ivp(t)( )"0 exp[~ig{ap(t) - 1] (28)
0
wh%e the Pomeron residue is related with the electromagnetic form factor of a nucle-
1191
on!*¥;
1P(t) & [Gern (B)]* x 1/[1 — i/ M2, (29)
where M} ~ 0.71 Gev?.
At large ¢ the "anomalon” becomes dominant over the Pomeron (M3 > M),
which results in the observed change in the slope of the elastic cross sections of pp and
pp scattering at | { |~ 1 Gev®. Therefore, the absence of diffraction minima connected
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with multi-Pomeron exchanges is explained by the fact that they remain under the
large contribution of the "anomalon” at | ¢ [> 2 Gev®.

Owing to the absence of the double-spin flip amplitude of Pomeron it does not
interfere with the "anomalon”, and therefore, the differential cross sections of pp— and
pp— interactions are

L ToP +|T 30
dt 16#3’“ PP+ Taf) (30)

In Fig. 5 fits of the total and differential cross sections at high energies with the
Pomeron and "anomalon” trajectories are presenied. As we see, there is a satisfactory
agreement with experiment in the regions | £ [< 1 Gev? and | ¢ |> 2 Gev®. Note here
that a =mall slope of the "anomalon” trajectory, ofy ~ 0, is needed for explaining
the energy independence of elastic cross sections of pp— and pp— interactions at [t]=
2 Gev®. Essential deflection is seen only in the region of the dip in pp at ISR energies
but it seems to be of a very complicated nature due to secondary Reggeons and their
cut-offs! 9] and its dynamics is a subject of our forthcoming study.

d o
(-1}
w1
I
10~*
i0 ™ )
o™
10 ™=
.00 200 400 vg.on B.00  10.00
—t (GeV)

Fig. 5.Elastic pp and pp scattering at 52.8 GeV, 546 GeV, 1800 GeV. Data for
3 = 1800 GeV are from®Y. The parameters are:
ap = 1.08, ap =0.3, M3 = 0.97 GeV?, ~4p(0) = 21.8;
ap=1, o, =0, M} = 1.08 GeV?2, 7,4(0) = 0.57.

In fact, at high energies two parts of structure functions of sea quarks, Eq. (15a) and
Eg. (15b), correspond to two regions of transfers in the pp— and pp— interactions. At
|t |<1 Gev® the Pomeron dominates but at | ¢ |> 2 Gev?® the anomalon” does. The
dominance of the "anomalon” at large transfers is clear since its contribution to the
structure functions, Eq. (15a) and Eq. (15b), corresponds fo the Fock state with large
transfer momentum, Eq. (7).
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CONCLUSION

Within the instanton liquid model of the QCD vacuum the parameterization of the
distribution functions of sea quarks inside the proton is derived. It should be stressed
that the instanton mechanism of resolution2% 251 of "spin crisis” differs entirely from
the perturbative expla,nation[26] based on the contribution of the ABJ-anomaly on
polarized gluons. Within the perturbative mechanism a very Iarge value of the an-
gular momentum AG == 5 carried by gluons is required, which is in turn difficult to
understand within the well-working constituent three-quark model of the proton.

In our approach there is a natural way to generate negative helicity of sea
quarksr243. Namely, the quark helicity is flipped in the field of strong vacuum fuctu-
ation - instanton. In this case, a quark-antiquark pair with a large relative angular
momentum arises to compensate for the changes of helicity by 2N ¢ since the spins
of sea and valence quarks are opposite to the spin of the original quark. Thus, our
mechanism leads to a completely definite orientation of rotation of the quark-antiquark
cloud within a constituent quark. However, the total angular momentum carried by a
quark is unchanged, and this is the reason for the good results of the constituent quark
model in the description of static properties of hadrons.

The analysis of the spin-dependent distributions of sea quarks indicates the
necessity of introducing a new Regge trajectory related with the Kogut-Susskind pole.
The specific features of dynamics of pp— and pp— interactions at large transfers and
high energies also require a trajectory additional to the Pomeron which does not die
out with growing energy.

Note that probably there exists a direct experimental confirmation of the "anoma-
lon™.® For instance, the OMEGA Collaboration!2™} has ohserved that the differential
cross section of reaction vp — by(1*~,1235)p at E, = 40 = 70 Gev is almost energy
independent although in quantum numbers the Pomeron cannot produce the contribu-
tion in this reaction. On the other hand, the "anomalon” can result in the constancy of
the cross section in energy and in the slope over t about twice as small as the slope of
the diffractive cone in elastic pp scattering at these energies, which has been observed
in experiment 27,

Within our approach we can produce more natural explanation of hardness of
charmed particles produced in the hadron interactions!!3] and of cumulative particles
produced off nucleill Y. It is very interesting also to investigate the polarization process
of proton scattering off deuteron to manifest new trajectory at low energy® that it is
possible in future at Dubna in the Laboratory high energies.

From our point of view the "anomalon” is also needed in order to explain anoma-
lously large polarization phenomena in hadron-hadron processes at large transfers!28],
Thus, e.g., the three-anomalon vertex (3A)} leads to the amplitude with single flip of
helicity 5 which does not die out with growing energy. Within the perturbative QCD
this amplitude behaves as m/+/s where m is the quark current mass and therefore
the perturbative QCD in principle cannot explain the anomaly in the scattering of

polarized particles at high energ‘iesmg].

HThe authors thank S. B. Gerasimov who drew their attention to this result.
B A. Efremov, V. Karotkian Private communication
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To provide a complete answer to the question of the existence of the new tra-
jectory, which characterizes fundamental I/4(1) symmetry of strong interaction, exper-
imental efforts should be made along the following directions: first, precision measure-
ment of the DIS spin-dependent proton structure function gP(z) in the region of small
z; second, the measurement of the differential cross section of yp — b (17,1235)p
at E, > 70 Gev; third, investigation the process of polarized proton scattering off
deuteron in order to manifest new trajectory at low energy. Thus we can hope that
this new phenomenon forces low and high energies physics come into play simultane-
ously.
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