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I, Intreduction

Experimental studies of nuclear matter spin-isospin (5’7?? )} ex—
citations at an energy of about 300 MeV assimilated by nuclear metter
have been carried out intensively in the last few years. A nucleus
can assimilate such excitations (which will be referred tc as A -ex-
citations) not only through the excitations of the nucleonic internal
degrees of freedom (i.e., the N-A transitions} but alsc through so-
me other kinds of excitations, including collective ones, for example
intranuclear mesgonic field excitations (like a "spin-isospin sound"n‘s;
one could even expect the isonucleuslz/ formation. In general, the in-
ternal structure of the bound nuclegon differs from the free nucleon
one due to medium effects. So, not only the A -isobar in nuclear mal-
ter but also the very N-A transiticn can be modified {under the in-
fluence of the nucleonic environment) as compared with the empty spa-
ce case. This hes to lead to differences between the observed A -ex-
citation characteristics and the ones expected in the commonly used
picture of quasi-free A -1sobar production from a moving intranu-
clear nucleon. Such differences can bte more proncunced if one pro-
vides good conditions for the stromg final state interaction between
the A and the rest of the nucleus, i.e, when their relative momen-
tum is gmall and comparable to the Fermi-momentum of nucleons in
the nucleus.

/344/

transfers (Ap_l_n- 0, 4 Py~ 350-400 MeV/c) have cpened experimental in-

The (BHe,t) charge-exchange experiments at smaell momentum
vegtigations of the nuclear A -excitationsg. The very first results
/3a,b/ have shown that the A(jl{e,t) ¢roas gections at projectile mo=~
menta, Po, of 1.4 GeV/c/nucl. are determined by the A -excitation
channel. The corresponding peak at energy tranafers Q =(E°—Et)~300
MeV has clear signatures of a collective nature of the nuclear A -ex-



citations: (i) the peak is shifted down to lower Q-velues and (ii)its
width is much larger than that of a similar peak in the p(BHe,t)A*ﬁ'
crose sections (nearly by a factor of about 2}. This downshirt cannot
be explained by Fermi-mctiion effects/Bc’d/.

The dewnshift and broadening of the nuclear A-peak have been

confirmed in the subsequent experiments/b’G/

with an enlarged set of
projectile and target nuclei. The analysisljd/ oi the A(p,n)} cross
sections/T'B/ has shown that the characteristics of the nuclear A -~
-peak in this case alse differ from the ones in the p(p,m)A **
char§$ gﬁchange. (This fact has slipped away from the authors of pa-
pers’ '? and has not been reported there).

Thus, the nuclear A -excitation characiteristics differ compie-
tely from the ones expected in the quasi-free A -production picture
and show a collective nature of the nuclear matter response to the
high energy {~ 300 MeV) spin-iscspin excitations.

Nowadays & theoretical u.nderstanding/9 of the mechanisms, lea-
ding to the collective response of nuclear matier to the A -excita-
tions, is not.quantitative while it provides a good depcription of

/3c/

the charge exchange on free protons . But there is/jd/ a remarkable

similarity between the features of the nuclear response to the A —ex-

/10,1

in the /) -~resonsance regicn and the cross secticns of A -electro-

citations, the energy dependence of the toial % A cross sections

preduction in nuclei at small electron scattering angles/12/. This
pimilarity ie unlikely to be accidental; perhaps, it ig caused by
some general reasons of nuclear A ~excitation collectivity.

1I. éL—Excitations of Nuclel: Experimental Data

The nuclear /\-excitations in the (BHe,t) charge exchange have
been studied at Dubnala/ for kinetic energies from 800 MeV/nucl. up
to 5.23 GeV/nucl., and at SaclaylA/ at 767, 667 and 500 MeV/nucl. The
Q-dependence of the cross sectlons has been measured at fixed triton
enission angles (et~0°). At energles below 800 MeV/nucl. the Q-depen-
dence is strongly affected by the 3He formfactor {(and alsc by strong
finagl state interaction effecte at 500 MeV/nucl), so we sghall mainly
digcuss JINR data.

The experimentfj/ has been performed at the Dubna synchrophasot-
ron by the spectrometer “ALPHA“/13/ (Fig.1). The meagured cross gec-—
tions are shown in Fig,.,2. For the p(BHe,t) reaction they have a peak
at Q~300 MeV; ite shape is well described by the A ~resonance lin
distorted by the 3He formfactor, The Breit-Wigner parameters of the
peak, ), and f; , are in good agreement with each other at all ener-
gles, Their average values, o), = 1234 ¥ 3 MeV andls = 116 ¥ 7 MeV,are



consistent with the  tabulated ones’ 9/, e
from the excitations of heavy isobars with lsospin 3/2 of the
families A (1600) and A(1900) is evident at pe> 7 GeV/c in the cross
sections of the p(BHe,t) reaction at Q> 900 MeV. 4% p, = 18,3 GeVi
this contribution reaches 30-35%.

contribution

Fig.l. ALPHA spectrometer layout with multiwire proportional
chambers (PCi), geintillation counters (Si,Ki,A) and monitors
of beam intensity (Ti)' The target point is dencted as T.

The 120(3He,t) sross section is characterized by two peaks at
low and high (Q~ 300 MeV} excitation energies. The first peak corres-
ponds to usual nuclear level excitations. The second one corresponds
to the A -excitations.As seen from Fig.2 and the Table, with increa-
sing the projectile energy the first peak fastly disappears and the

A -excitations begin to dominate at pg>4.4 GeV/c. The maximum of
the /\ -peak is shifted down to lower Q as compared to its position
in the p(3He,t)A++ resction; its width is considerably larger; the
ratio of the cross sections %i/%ﬂ) amounts to about 2.

Iadle
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Describing the shape of the nuclear A -peak by the same Breit-
-Wigner function as in the p(jHe,t)zﬁ ** case, we have obtained sig-
nificantly different parameters (0 , and r’o. The contribution from
the higher isobars is also present at Po> 10.79 GeV/e and Q> 600 MeV.

It equals about 40% at pg= 18.3 GeV/c,
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Qur analysis/3c’d/ has led us to the ccnclusion that 1t is impos-
sible to explain the observed downshift of the A -peak by quasi-free

A -~production from a moving intranuclear nuclecon {see Fig.,3).Using
. of5chrdep) .
this picture, the value ofE%: ETT7/2?£ cannot be also reproduced: the

one, calculated with the Glauber-Sitenke mcdel,

is only abcut 0.8/3“0/

Other dats on the charge-exchange reactlions with the A -excita-

tione of nuclei confirm the presence of the observed downshifi of the
nuclear A -peak. It has been observed at Ty = 2 GeV in the {(d,2p)



reactionﬁ'/ and in the heavy-ion charge exchange/7/. The downshift
and broadening of the nuclear A -peak 18 evident when one examines
the A(p,n) data’ '/ at T, = 1000 UeV.
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Fig.3. a) Impulse approximation diagram for quasl-free A -produc-—
tion on & moving intrenuclear nucleon. The uppexr part of this dia-
gram (over the wave line) corresponds to the p( He,t)A*t croas
section. b) Nuclear A -excitation cross secticns cobtained after
the subtraction of the "tail" from the low-Q peak (mee Fig.2)} -
open circles. The shaded areas correspond to the expected crosse
gections calculated within the framework of quasi-free A -produc-
tion (in accordance with the diagram of Fig.3a) and normalized to
the experimental cross gections at the maxima. Dashed line - the
same calculations but with the A ~igobar bound in the nucleus.



So, we conclude that a universal picture is observed in the char-
ge exchange of a baryon system on nuclei with the target A -excita-
tions at small PL' Phis picture does not depend on the type of the
projectile: the peak of the target nucleus /A -excitation ilg shifted
down to lower excitation energy and is broadened in comparison witlh
the similar A -peak in the cross sections of these reactions on &
free proton target.

III. A-Dependence of the Nuclear A ~Peak Shape

The datsa on the A-dependence of the charge-exchange cross usoc-
tions with the nuclear /\ -excitations have been obtained at T = 1000
IHe" T67 MeV/nucleon for the ()He,
t) reaction 4 . We shall discuss the former data because they are mea-

MeV for the (p,n) reaction and at T

sured at higher energies where the nuclear A -excitations begin to
dominate.They are also not damped by the *He formfactor as the (BHe,t)
data/4/. The strong demping due Lo the He {formfactor can mask a
pessible A-dependence of the nuclear A -pesk shape, and il actuaily

does it imitating "A-universality™/4+”

3,1, A-dependence of Cross Section at 2 ~Peak Maximum
If the A(p,n) charge exchange i3 a one-step process, then the
A(pyn) and p(p,n) crosa sections can be related at the A -peak maxi-

mum : -
ds A ~ L = _ﬂfi__ F
("T—— WJZ )Mx-. 5 (1*2;4 )Eaé’sm)( dT, 480 )'“ ' (1)

The factor 1/3(1 + 2Z/4) originates from the isospin invariance argu-
menta, The factor EabB(A) takes into account the absorption of projec-
tile particles in the target nucleus and can be calculated, for exam-
ple, following the ideology of paper L . A8 can be seen from Fig.4,
ansatz (1) works fairly well within the present accurancy of the absolu-
te normalization of the data 7 . This suggests the peripherality of
the process.

3,2+ The variations of the shape of the nuclear A -peak with 4
are more interesting. Figs.5 and 6 present dats on the ratio
do A olo- A

(c!Tnd.ﬂ. ) (p\(T,‘d-Qc Jma.x

for several target nuclei.

The A -peak downshift discussed earlier is seen. 1t is about
3035 MeV at a 4° neutron emission angle and about 40~45 MeV at 13,29%
For the deuteron target no downshift is observed,

The width of the nuclear A -peak is larger than the one in the
p(p,0) A ** &na d(pyn) reactions. We have already argued that the
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Fermi-motion cannot be the main source of the nuclear A -peak broa-
dening; the growth of the nuclear , -peak width with A (see Fig.5)
ig ancther evidence for this, The nuclear A -~peak width can be assun
ed to increase due to the contribution of the non-mesonic modes of A=
deexcitation: nA-»NN and pA-» NN.For the £L++ igobar in the nucleus
only the n£&++J, pp mode is allowed. As the & t* ig excited in
the nucleus 3 times more frequently than the A +, then a relative
contribution of the non-mesonic modes te the nuclear A -peak width
would increase with increasing the neutron excess in the farget nu-

s ghow.

cleus. This is just the tendency which the data

The data on the A(p,n) reaction with separated isotopes as a
target (4003, 44Ca, 24Mg, 25Mg, 26Mg) give some reasons to suspect
a miner etructure at the top of the nuclear A -peak (see Fig.b6). Now
it iw quite unclear whether such peculiarities are significant; more
precise data are required. )

The main results concerning the A-dependence of the nuclear

A ~peak shape can be summarized as fellows:

- The A-dependence of the absolute value of the cross sections
at the nuclear A -peek maximum is mainly determined by projectile
and ejectile sbsorption in the target nucleus; it implies a peripheral
character of the reaction mechanism.

- The shape of the nuclear A -pesk depends on A: the width of
the nuclear A -pesk increases with increasing A. Thie implies that
the non-mesonic modes of the A -deexcitation may be the main sources
of the large width of the nuclear A -peak.

- There is some weak evidence for a minor structure at the top
of the nuclear A -pesk.

1V. Discussion of the Data on the Nuclear A -Excitations

The general features of the processes at small EL’ discussed 8o
far, namely: (1) spin and isospin transfer into a target, (ii) a pro-
nounced peak at energy transfers of about 300 MeV and small values of
It| - 4-momentum transfer squared, (i1ii} a dip at |t|g0.03 Ge‘le/c2 in
the t-dependence of the 5%? (3Hep—a‘ta*47 (see Fig.7) imply an es-
gsential role of one-pion exchange in these processes. The QPE-model
in thie region of energies forms a good basis fto connect the (3ﬁe,t),
(p,n) and other reactions,

The analysis’ -’ of the p(°He,t) A ** and p(p,n) 4 ** date
jaastifies the applicability of the OPEM. As known, the diagram of
Pig.8 makes a main contribution to these reactions. From nere follows
the relation



of Fig.4. A-dependence of the ratio
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(G = (P~ Fo )

- L +
and Jtdo (PP->na ) the cross section of

the p(p,n)A 1t reaction et momentum 1/3p3He. This cross secticn,

proportional to the érf. P(:.o), wag calculated

according to Wolf's

paper 7 us:.ng the parameters of the OPEM obtained there and the da-

ta on O’ ’D from Ref, 718/

. One can see a good accordance with the

p( He, t) da‘ta/3 4 at energles higher than 700 MeV/nucleon (see Figs.
7,9-12) and the p{p,n)}A** 4 ta/ 7197 at 1 5700 MeV. But at lower

energies it ia necessary

to take into account the contributions

from the final-state-interaction (FSI) diagrams like that in Fig.i1.

-
b :f\ - Fig,7. Crosa section 2{ of
Em:! NETN the (BHe t)A*t reaction from
s a Dubra, #4183 Gevie the data of Refs. 3 4/. The full
© a 3 Gev, 0
+ 2 B g cey. o line - OPEM calculation.
+ . 2.0 GV, 746
+ L 1.5 Gevs 2% &
[ t
Lo
3 3
i * He = . £
hitillllll!ll*illL_l_ P:n'
1] 0.2 3 ' ?rt
1 cuv?r? ! e
P gf—‘-‘-"-“—‘/
Fige a. Main OPEM diagram for \
the p( He t) A** reaction. p
250 s T{ T
s 1y mane.nn" p
| 0 }
s |
50 - 10.79ev)c
3 - 4
% s _
K v -
g 1 . .'o.. ':
g — % J_I__...J—]._‘
1ot E
N F 5.81GeV [c h
50 .
Fig,9, Invariant cross sections B
for the p( He,t)A™ reactionsz! 50 < sosevfs
The full lines are calculated with 23 WY N
the OPEM /3e/ 200 400 800 aoo
G {Mev|



T T T T T T

200
plp, Al X

Tp~ 1000M

—

&

o
T

-
Lord
o

@
(=]

Ea
o

-
(=1
o

d6/dsdT, imb/sr Gev

=i}
(=4

20

60
L0
20

600

Fig.11. Diagram of the FSI taken

into account in Ref./19a/at
647 MeV.

z [T

S 80l ar0,n 1xi00 bbby n

5 | Tp =647 Mey ¢

520 60F +

E - L +

o« 40 ¢

a I~ [~ » -

k=] | B 0

g 80 "

s

L] o,
12“__ 1000

a0 -
80} 4

- -

.C

01 =798 Mev N

L .

{ | T N TN N O IO B . 4

700 900 oo

P IMev/ch

p(p,n) At data from
and our COPEM calculations

Fig.10, The
Ref,
734/ (full lines) when energy re-
solution is taken into account.
The initial proton energy is va-
ried within the accuracy (¥2%) of
itg determination: 980 MeV for a
7o emigsion angle and 900 MeV

for 11,3°, Thig affects only the
pogition of maximum of the resce-
nance peak without vigsible changing
the ghape and height.

Y .

Fig.12. The seme as in Fig.10 but
for the datas of Ref./1ga/ at Th4
and 798 MeV.The calculated cross
sections are multiplied by the

0,85 {within a £15% nor-
malization accuracy of the daias).

factor

10



Neglecting the PSI leads to the underestimation of the c¢ross sections
(see, for example, Fig.T in the region [ti>0.1 GeV2/c). Therefore, it
can be very doubtful to interpret the {BUe,t) data/4/ at 500 MeV/nucl.
{i.e., near the A -production threshold) as A -excitation data.

Thig successful description of the present p(p,n)g§++ and p(BHaﬂ
data in the explored energy region (but higher than 700 MeV/nucl,) im-
plies that 7 -exchange dominates zlso in the_charge exchange on nu-
clei with the A -excitations. Therefore, one can expect that the ob-
gerved downshift of the nuclear A -~peak and its broadening in compa-
rigon with the charge exchange on a free proton should be connected
with the energy dependence of the pion-nucleus cross sections over
the resonance energy region,

The downshift and broadening of the "resonance" peak in the

sy and are being extensively

th(ﬁﬁ)cross sections sre well known
discusaed up to now (see, e.g., Fig.i4 and REf-/11/)- We have tried
to estimate the 1Ec(p,n) croasg section in the nuclear A -peak regi-
on using just the same OPEM as above replacing the %TF with the
oiﬁﬂqf /10/. The value of the cross section as well ag the A -
peak position and width have been gatisfacterily reproduced. This
allows us to assume the domination of the OPE in the nuclear A -ex-
citation in small P, charge~exchange processes with nucleons and re-
iativisatic nuclei.

The distinguishing feature of the OPE is ite longitudinal (?ﬁ%)
character/11/. The GPE domination in the charge exchange with the
nuclear /A, -excitations would thus mean ‘that the obgerved collective
effects are caused by a collective nature of the longitudinal part of
the nuclear spin-isospin resaponse. Therefore, such collective effects
would display themselves in those reactions, in which this part of
the nuclear response is dominent. Perbaps, just thia reason mnay be
responsible for the downshift of the nuclear delta-peak in A -elect-
ropreduction at small angle5/12/ which 1s abszent et large electron
scattering angles’ 127/ (see Fig.13). It might be that only the longi-
tudinal spin-isocspin response possesses guch collective properties
while the transverse one does not. Data on A(??*,W“) charge exchange
can help in this respect because only the transverse nuclear resEO/

ponse works here.But et preseni auch data have a too low mccuracy

to draw some definite conclusions.

V. Conclusion

For the first time the nuclesr A -excitations have been actu~-
nlly observed just in the (jﬂe,t) charge=exchange experiments 3s

)1
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In Dubna experiments it hag been first shown that at small B
and sufficiently large (more than 800 MeV/nucl.} projectile kinetic
energies the charge-exchange crosg sections are dominated by the pro-
cesses of the nuclear A-excitations. The collective nature of these
excitaticons has been first observed and reported.

The data/3'4/ on (BHe,t) charge exchange as well as on other
charge-exchange reactions with relativistic nuclei/5’6{ aleng with the
results of our analysis/3d/ of the old A(p,n) data/T’B/ allow us to
conclude that the main nuclear A -excitation characteristics do not

12



depend on the projectile type and are governed by properties of the
nuclear response on high energy { ~300 MeV) spin-isospin excitations.
The present data on the A-dependence of the nuclear A -peak
ghape show that its width increases with increasing the terget atomic
number A (or § = A-Z). It increases at the expense of increasing the

cross section in the transferred energy reglon Q>Q {where Qmaxis

max
the position of the nuclear A -peak maximum}. (The absence ¢f such
an A-dependence in the A(BHe,t) data of Saclay/4/

strong demping due to the 3He formfactor.) This A-dependence of the

ig caused by the

nuclear A -peak width can result from the non-mesonic modes of the
A -deexcitations, There 'is a pessibility for the presence of minor
structures at the top of the nuclear A -peak.

The bulk of the aveilable data on the charge exchange with nu-
clear A ~excitations and the success of the OFEM in explaining the
charge~exchange cross sections on a proton target allow us to suppose
that at emall P, the charge exchange with A -excitations goes
mainly through the one-pion exchanges. This assumption makes it possi-
ble to oubtline the connection between the discussed effects in the
charge exchangs with A ~excitations and the effects investigated in
the 77 A physics, as well as with the behaviour of the longitudinal
nuclesr spin-isospin response. These problems should be studied taking
into account the electroexcitation data on nuclei, particularly at
amall electron scattering angleajﬁz/.

A theoretical understanding of the nature of the collective ef-
fects, discovered in the [ -excitation charge exchange experiments,
is not quantitative to datelg/. Therefore, it seems very urgent to
continue experimental investiigations of the nuclear matter 4 -excita-
tlons.

First, it is necessary to mske precise measurements of the A-de-
pendence of the nuclear A -peak shape at energies higher than 800
MeV/nucleon, where A -excitations dominate in the charge-exchange
crogg sections at emall p . Using such data, one can elucidate the
questions concerning possible A-dependent structures of the nuclear

A ~peak and the A-dependence of its position.In such experiment is
would be possible to sepasrate the mescnic and non-mescnic modes of

A -deexcitations and to determine their relative contributions to
the full width of the nuclear A -peak. Comparing this information
with N -gbsorption data, one could learn a lot about A-s in nucle-
ar matter.

Experiments like A(d, 2p) with polarized deuterons ox measure-
ments of the D . parameter in the A(p,n) reaction with the nuclear

13



A -excitations would allow one to cbiain very important ini'ormati-
ort on the reaction mechanism,

There exists a long-standing problem of Gamov-Theller sirength
quenching. This guenching may be connected with the nuclear A-exci-
tétions. In view of this, it i1s worth-while to measure the croes sec-
tions of direct and inverse reactions such as  (p,n) and {n,p) or
(aHe,t) and (t,BHe} at the same energies and emission angles. Suchk a
comparison is much less model-dependent than the comparison betlween
the {4,2p) and (BHe,t) or {p,n) daia.

It looks desirable to investigate a possible anslogy between ihe
charge exchange with nuclear /A -excitations aund A -electroexcitati-
ong of nuclei at small p .

The authors arc gratetul to V.F, Dmitriev, A.V. Efremov and
A.P. Kobushkin for interesti and useful discussions of the obtained
results. We thank E.M, Macv for the permission to use his data tables
/7/. We also express our aknowledgement to R.N. Petrova, Z.F, Motina
and L.N. Barabash for their lurge help in performing this work and
prezenting its results, !
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AGnees B.T. v gp. E1-87-797
fensTa-wachapHue BOabywaeHUA AQeEp B PEAKUHMAX
nepeaaprAKK

MpHBeAeHs peayfeTaTh HIMEPEeHWH AMPHEPEHUHANbHUX CENeHWA NEpPelapAfKu
(®He,t) na mgpax yrnepoga w npoToMax B obnacTu aneprwi 800 MaB/nywnow
Ao 5 TaB/Hywnod. MNokasano: a/ peaxuyus Wa Aape WAET, B OCHOBHOM, uepes B03BYH-
ABHUE A-u3oBap; 6/ NpoueCC He CBOAMTCRA K POMOEHWO W306ape Ha OTAENBHOM BHYT-
PUAGEDHOM MYKNOHE W NochepyoueMy cBoGOGHOMY ABMMEeHno H3obape CKBO3b AAPC. 30—
PEKTH KOMNEKTHBHON NpUpoas, OCYCHOBNEHHBE YYACTHMEM ADYFHMX HYKNOHOB RAPE-Mhlie-
KM, WIPaRY CYWECTBEHHYo PONb. JTOT BWBOA FOATEEPMIETCA pelyneTaTamu npose-
peHHoro B paboTe axann3a APYrHMX H3IBECTHHX AAHHEX O RAEPHEX A—mo3bymGeHHAX
8 peaKuWAX NEpPesapAAKW PENATHBHCTCKMX Auep v 8 A(p,n) peakywu. OTmeuaetca
cBA3L obcympaemux GDEKTOB ¢ DPEKTaMU, OBHADPYWEHHWMM NPU MIYUEHWH TIA BIanMO-
ABHCTBHA, 8 TOM 4MCNE C JIHEPTO3IABUCHMOCTEI MNOMHBX cedeHHi TA B33MMOAERCTBHA,

PaBoTa BmnoNHeHa B JlabopaTopum BuCOKWX Ineprui OHAHK.

[Tpenpistr O6LenmHeMNOro HECTHTYTS ANSPELIX HCCHEOBRHEH. Hybua 1987

Ableev V.G, et al. E1-87-797
A-lsobar Excitations of Nuclei in Charge-Exchange
Reactions

We present our measurement results of differential cross sections of the
(*He,t) change exchange on carbon nuclel and protons at enernies from
800 MeV/nucl up to 5 GeV/nucl. They imply that a) the reaction on a nucleus
proceeds mainly through the excitation of the 4-isobars; b) the process is
nat reduced to the quasi-free production of the A-isobar on an individual
‘ntranuclear nucleon with a subsequent free motion of the isobar through the
nucleus. The collective effects caused by other nucleons are important. This
conclusion is confirmed by our analysis of the information on the nuclear
A-excitations in the charge exchanae of relativistic nuctei and A{p,n). We
note a possible connection between the discussed effects and those observed
in pion-nucleus studies,in particular, with the energy dependence of the nA
cross sections.

The investiaation has been performed at the Laboratory of High Enerqies,
JINR.
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Penaxrop J.B.WBawkeBuu.Maker P.J.Pomunoi.

IMoarmucano 8 nevats 25.11.87.
®opmar 60x90/16. OdcerHad nevyats. Yu.-u3g aucron | .35,
Tupawxc 490, 3axaz 39898,

WUsnarensckuit oraen O6beRMHEHHOrO HHCTHTYTA ANEPHBIX HCCTeJOBAHUN,

OyoHa MockoBcKoit o6nacTH.
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