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I, Intreduction

Experimental studies of nuclear matter spin-isospin (?—T‘. )} ex—
citations at an energy of about 300 MeV agsimilated by nuclear matter
have been carried out intensively in the last few years. A nucleus
can agsimilate such excitations (which will be referred toc as A -ex-
citationa) not only through the excitations of the nucleonic internal
degrees of freedom (i.e., the WN-»4A transitions)} but also through so-
me other kinds of excitations, including collective ones, for example
intranuclear megonic field excitations (like a "spin-iscspin soun&J%;
one counld even expect the igonucleus 2/ formation. In general, the in-
ternal structure of the bound nucleon differs from the free nucleon
one due to medium effects. So, not only the A -isobar in nuclear mab-
ter but also the very N-A transition can be modified (under the in-
fluence of the nucleonic environment) as compared with the empty spa-
ce ¢ase. Thia has to lead to differences between ihe observed A -ex-
citation characteristics and the ones expected in the commonly used
picture of quasi~-free A —-isobar production from e moving intranu-
clear nucleon, Such differences can bhe more pronounced if one pro-
vides good conditions for the strong 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 nucleona in
the nucleus.

/3.4 Ly

transfers (llpif-O, a p“-350—400 MeV/c) have cpened experimental in-

The (BHe,t) charge-exchange experiments small momentum
vegtigations of the nuclear A -excitations. The very first results
/3a,b/ have shown that the A(BHe,t) crogas sections at projectile mo=~
ments, Poy of 1.4 GeV/c/nucl. are determined by the A -excitation
channel. The corresponding peak at energy tranafers Q =(E°—Et)w300
MeV has clear signatures of a collective nature of the nuclear A -ex-



citations: {i) the peak is shifted down to lower Q-values and (ii)its
width is much larger than that of & similar peak in the p(}l-ie,t)A'H
crogse sections (nearly by a factor of about 2}. This dovmshift cannot
be explained by Fermi-metion effects/BC’d/.

The downshift and broadening of the nuclear A-peak nave boen
75,6/
projectile and target nuclei. The analysis/Ed/ of the A(p,n) cross
sectiona 7.8/ has shown that the characieristics of the nuclear A -
—peak in this case also differ from the ones in the p(p,n)A *

confirmed in the subsequent experiments with an enlarged set of

charge exchange, (This fact has slipped away from the suthors of pa-

pers 7.8/

and has not been reported there).

Thus, the nuclear A =-excitation characteristice differ compie-
tely from the ones expected in the quasi-free /\-production picture
and show & collective nature of the nuclear matter response to the
high energy (~300 MeV) spin-~isospin excitations.

Nowadsys & theoretical understandinglg/ 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
/BC/. But there islad/ a remarkable
gimilarity between the features of the nuclear response to the A —ex-

citations, the energy dependence of the total # A cross sections/1Q1V

the charge exchange on free protons

in the A -resonance regicn and the cross sections of A -electro-
/12/ .
+ Thig

pimilarity is unlikely to be accidental; perhaps, it is caused by

production in nuclei at small electron scattering angles

some general reasons of nuclear A ~excitaticn collectivity.

1T. éL—Excitations of Nuclei: Experimental Data

The nuclear /f~excitations in the (3He,t) charge exchange have
been studied at Dubnalj/ for kinetic energies from 800 MeV/nucl. up
to 5.23 GeV/nucl. end at Saclay/4/ at 767, 667 and 500 MeV/nucl, The
Q-dependence of the cross sections has been measured at fixed triton
emission angles (Gt~0°). At energles below 800 MeV/nucl, the G-depen-
dence is strongly affected by the 3He formfector (and also by strong
final! state interaction effects at 500 MeV/nuck), sc we sghall mainly
digcuss JINR data.

The experiment 3 has been performed at the Dubma synchrophasot-
ron by the spectrometer "ALPHA“/13/ (Pig.1), The measured cross Bec—
tions sre shown in Fig,2. For the p(BHe,t) reaction they have a peak
at Q~300 MeVy ite shape is well described by the /\ ~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,;i = 1234 ¥ 3 Mev andfi = 116 ¥ 7 MeV,are



consictent with the tabulated ones’ °/, “he contribution
from the excitations of heavy isobars with ilsospin 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 Q7 500 MeV. 4t Py = 18,3 GeVie

this contribution reaches 30-35%.

Fig.1. ALPHA epectrometer layout with multiwire proportional
chambers (PGi), geintillation counters (Si,Ki,A) and monitors
of beam intensity (Ti). The target point ls dencted as T.

The 12C(BHe,t) cross 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
tc 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 py>4.4 GeV/c. The maximum of
the /\ -peak ig shifted down to lower Q as compared to its position
in the p(BHe,t)A++ resction; its width is considerably larger; the
ratio of the croas sections %;%gj/fé?égﬂ’ amgunts to about 2.

Table
: -pes iti flds
 mh Ave st e, g 402
GeV/e todTyQ (6) —mtmimmn ACCEYHR
fz;goghe pCle,t)  cCHe,t)  p(PHe,t)  C(’He,t)
Q£150 MeV
4.40 G,38 322 ¥ a5 274 2.5 138 %9 182 T 16 1.82 ¥.5
65.81 0,18 327 ¥ 1.5 295 ¥ 1.5 109 %5 204 ¥ 9 .77 .3
10.79 0.08 27 ¥ 2, 305 %2, 129%7 257 £ 14 1,95 1.3
- - - 2.44 ¥.2

18.3 -




Describing the shape of the nuclear A -peak by the game Breit-
-Wigner function as in the p(jHe,t) AH' case, we have obtained sig-
nificantly different parameters ) , and PQ. The contribution from
the higher isobars is also present at pe> 10,79 GeV/c and Q> 600 MeV,
It equals about 40% at pg= 18.3 GeV/c.

T T T
300 46 Gevie 1 Fig.2. Measured inva-
0L 4] riant crose sections
200 - . e’“ 1 or tne *2a(Phe, 1) (runa
= §- plhe, circles) and p(BHe,‘L);f'f
£ 100 B : -
= (triangles) reac
§ tions obtained after
> 0 T F T unfolding from the
)
©  300p 881 Gev/c energy resoclution eif-
2 fecta’ %/, The dashed
€ <200p line represents an ex-
o pected contribution
o 100k from the "tail" of the
:éjl 0 low-Q peak of the nu-
© — clear level excitati-
300+ 10.79 Gevic 1 onas, The full line is
an approximation of
200 the date pointa.
100
0‘- T _I_—_71 T T T
100 | 18.3 Gev/c
0" 1— Il et milie i il e

0.0 0.3 0.6 0.9 L.2 1.5
Q (Gev)

Qur analysisljc’d/ has led us toc the conclusion that 1t is impos-
gible to explain the observed downshift of the A -peak by quasi-free
A -production from & moving intranuclear nucleon (see Pig.3).Using
. oSl dep) .
this plcture, the value of RA* d_ﬂ"/ cannot be alsc reproduced: the
one, calculated with the Glauber-S5itenkc model, is only about 0.8/3b'c./
Other data on the charge-exchange reactions with the A -excita-
tions of nuclei confirm the presence of the observed downshlift of the

nuclear A ~-peak. It has been observed at Td = 2 GeV in the {(4,2p)



reaction/5/ and in the heavy-ion charge exchange/7/. The downshift
and broadening of the nuclear A -peak is evident when one examines
the A(p,n) aeta’ T at Ty = 1000 MeV.
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Fig.3. 8) Impulse approximation diagram for gquaal-free /A -produc-
tion on a moving intranuclear nuclecn. The upper part of this dia-
gram (over the wave line) corresponds to the p(3He,t)A++ crosg
gection., b) Nuclear A -excitation cross secticns obtained after

the subtraction of the "tail" from the low-Q peak (see Fig.2) -
cpen circles. The shaded areas correspond to the expected cross
sections calculated within the framework of quasi-free A -produc-
ticn (in accordance with the diagram of Fig,3a) and normalized to
the experimentsl cross gections at the maxima. Dashed line - the
same calculations but with the A -~isobar 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 smalil PL' Phis picture does mot depend on the type of the
projectile: the peak of the target nucleus A -excitation ig shifted
down to lower excitation energy and is broadened in comparlson with
the similar A -peak in the cross sections of these reaction® on «
free proton target.

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

The data on the A-dependence of the charge-exchange croas sec-—
tions with the nuclear A -excitations have been obtained at T_= 10UCO
MeV for the (p,n) reaction and at T31e= 767 MeV/nucleon for the (jHe,

t) reaction/4/

. We shall discuss the former data because they are nea-
sured at higher energies where the nuclear A -excitations begin to
dominate.They are alsc not damped by the 3He formfactor as the (BHe,t)
data/4/. The strong damping due ito the He formfactor can mask a
possible A-dependence of the nuclear A -peak shape, and it actually

does it imitating "A-universality"/4r%/

3.1. A-dependence of Cross Section at A ~Peak Maximunm
If the A(p,n) charge exchange is a one-step process, then the
A(p,n) end p{p,n) cross sections can be related st the A -peak maxi-

mun : o~
de A ~ 2 =z _ﬁ—— F
CFodm ™ 3 28 Cats 700 D - )

The factor 1/3{1 + 2Z/A) originates from the isospin invariance argu-

~ments. The factor EabB(A) takes intc account the absorption of projec—
tile particles in the target nucleus and can be calculated, for exam-
ple, following the ideology of paper/16/. Ag can be seen from Fig.4,
ansatz (1) works fairly well within the present accurancy of the absolu-
te normalization of the data 1 . This suggesta the peripherality of
the process.

3.2, The veriations of the shape of the nuclear A -peak with A
are more interesting. Fige.5 end 6 present data on the ratio

do—A o~ A
( Al )

Tran G an max

for geveral target nuclei.

The A -peak downshift discussed earlier is seen. it is about
40-35 MeV at a 4° neuiron emission angle end about 40-~45 MeV at 13.2%
For the deuteron terget no downshift is observed.

The width of the nuclear A -psak is larger than the one in the
pip,n) A *+* and d(p,n) 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 A -peak width with A (see Fig.5)
ig another evidence for this, The nuclear A -peak width can be assu—
ed to increase duz to the contribution of the non-mescnic modes of A-
deexcitation: nA—HNN and pA-a NN.For the A™' isobar in the nucleus
only the natt ., pp mode is allowed. As the & t*t ig excited in
the nuclieus 3 times more frequently than the A +, then a relative
contribution of the non-megonic modes to the nuclear A -peak width
would increase with increasing the neutron excessg in the target nu-
cleus. This is just the tendency which the data 1/ ghow.

The data on the A(p,n) reaction with separated isotopes as a
target (4OCa, 44Ca, 24Mg, 25Mg, 26Mg) give scme reasons to suspect
& minor structure at the top of the nuclear A -peak (see Fig.6). Now
it is 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 ag fellows:

- The A-dependence of the absolute value of the crose sections
al the nuclear A -pesek maximum is mainly deftermined by Projectile
and ejectile absorption in the target nucleus; it implies a periphersl
character of the reactiocn mechanism.

-~ The shape of the nuclear /A -peak depends on A: the width of
the nuclear A -peak increases with increasing A. This 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 ig some weak evidence for a minor structure at the top
of the nuclear A -peak.

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

The general features of the processes at small Py s discussed s0
+ar, namely: (i) spin and isospin transfer inte a target, (ii) a pro-
nounced peak at energy transfers of about 300 MeV and small values of
|t - 4-momentum transfer squared, (i1ii) a dip at |t|g0.03 GeV2/02 in
the t-dependence of the 5%?(3Hep—;t;d++) (see Fig.T) imply an es-—
sential roie of one-pion exchange in these processes. The OPB-model
in this region of energies forms a good basis to connect the (BHe,t),
{(p,n) and cther reactions.

The analysis’ >’ of the p(°He,t) 4 ** and p(p,n) 4 ** dste
justifies the applicability of the OPEM. A8 known, the diagram of
Fig.8 mekes a mein contribution to these reactions. From here follows
the reiation



o Fig.4, A-dependence of the ratio
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Fig.5. Nuclear A -peak shape
for several nuclei from the

A{p,n) reaction at Tp: 1000 MeV/Z/
The lines are drawn by hand.
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Fig.6. The same as in Fig.5.
The arrow indicates the poeltion
of the A -peak maximum in the
d{p,n) cross sections,.
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Here e;p(REt/B) is the “He formfactoer/ (R = 1.8 Fm},
grs(t):x grs(o)z C.7 the correction for rescattering of target nu-
cleon and produced A -isobar by projectile nucleons (it is calou-

lated/3/ using the Glauber-Sitenko model),

(2}
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wz‘:(qf'mr)z‘" (;’:ﬂe-;’:)z mdﬁfﬁp%ndﬂ] the cross section of
the p(p,n)A 1 reaction et momentum 1/3p3He. Thia cross section,
propox/."jls%?nal to the ﬁf_ 'a(..o)’ wag calculated according to Wolf's
paper us:Lng the parameters of the OPEM cbtained there and the da-
ta on O’ i from Ref. 8/. One can see & good accordance with the

p( He, t) data/3 4/ at energies higher than 700 MeV/nucleon (see Figs.
7,9-12) and the p(p,m)A %" 4 2o/ 7119/ a4 T 5700 MeV. But at lower

energles it is necessary/ a to take into account the contributions

from the final-state-interaction (FSI) diegrams like that in Fig.ii.

L
+ i ola
N J’\ — ore Fig.T. 3Crcuasl siinon ot of
Em_ oot & the p(“He,t)A reaction from
ulg o Dubna, w183 Gevic the data of Refs, 3y 4/. The full
a T 2.3 Gev, 07
+ A zuG:v ol iine — OPEM calculation.
+ . 2.06e4, 7°:6°
+ F Y 15 Gevs 2% 4
r t
Lo
3 3
- * He = N £
kHHI|||1||1*HIL_|_ P:n
%] 0.2 53 t Wt
M cev?rel ' e
P ) -
Fig.B. Main OPEM cdisgram for ' .
the p( He £) AY reaction. p
M T T T T T T T
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5 ]
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Fig.9. Invariant crosg gections E
for the p(He,t)A* reactions’ 7, 50 \ xvgav]
<
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Ref.
734/ (full lines) when energy re-
solution is taken into account.
The initial proton energy is va-
ried within the accuracy (%) of
its determination: 980 MeV for a
T.5° et 5
emisagion angle and 900 MeV
for 11.3°, This alflectg only the
position of maximum oi' the reso-
nance peak without vigible changing
the shape and height.

L

Pig,12. The séme as in Fig.10 but
for the data of Rer./ 198/ ai 764
and 798 MeV, The calculated cross
gections are multiplied by the
factor 0,85 (within a 15% nor-
malizaiion accuracy of the datae).
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Neglecting the FSI leads to the underestimation of the cross sections
(see, for exanple, Fig.7 in the region |t1>0.3 GeV2/c). Therefore, it
can be very doubtful to interpret the {BHe,t) data/4/ at 500 MeV/nucl,
(i.e., near the A -production threshold) as A -excitation data.

This successful deseription of the present olp,n)A ™t and p(3Hgﬂ
data in the explored energy region (but higher than 700 MeV/nucl.) im-
plies that & -exchange dominates also in the_charge exchange on nu-
clei with the A -excitations. Therefore, one can expect that the ob-
served downshift of the nuclear A ~peak and its broadening in compa-
rigon with the charge exchange on & free proton should be connected
with the energy dependence of the pion-nucleus cross sections over
the resonance energy region,

The downshift and broadeuning of the "resonance" peak in the
/1067
discussed up to now (see, e.g., Fig.14 and Ref,
to estimate the 12C(p,n) crosg section in the nuclear A -peak regi-
on using just the same OPEM as above replacing the G’Wﬂp with the
re /10/. The value of the crogs section as ;gfl ag the A ~

and are being extenaively

G;t(ﬂﬂ)cross sections are well known
gy,

We have tried

o
ot
peak position and width have been gatisfactorily reproduced. This

allows us to assume the domination of the OFPE in the nuclear A -ex-
citation in small P, charge-exchange processes with nucleons and re-
lativistic noclei.

The distinguishing feature of the OPE is its longitudinal (;:a)
character/11/. The OPE domination in the charge exchange with the
nuclear /A -excitations would thus mean ‘that the observed collective
effects are caused by & collective nature of the longitudinal part of
the nuclear spin-isospin response. Therefore, such collective effects
would display themselves in those reactions, in which this part of
the nuclear response is dominant. Perhaps, just thia reason may be
responsible for the downshift of the nuclear delta-peak in A -elect-
roproduction at small angle5/12/ which is absent at large electron
scattering angleﬂl12b/ (see Fig.13). It might be that only the longi-
fudinal spin-isospin response possesses guch collective properties
while the transverse one does not. Data on A(?Y*,W”) charge exchange
can help in this respect because only the tranaverse nuclear res-
ponse works here.But at present such data have a too low mccuracy 20/

io draw some definite conclusions.

V. Conclusicn

For the first time the nuclear A -exciltationse have been actu~-
ally observed just in the (jue,t) charge-exchange experiments o4/

11
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In Dubna experiments it hasg been first shown that at small B,
and sufficiently large (more than 500 MeV/nucl,) projectile kinetic
energies the charge-exchange cross sections are dominested by the pro-
cesses of the nuclear A-excitations. The collective nature of these
excitaticone has been first observed and reported.

The data’?*%/  on (3He,t) charge exchange as well as on other
charge-exchange reactions with relativistic nuclei/5’6/ along wlth the

8/

results of our analysis/Bd/ of the old A(p,n) data/7’ 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
shape show that its width increases with increasing the target atomic
number A {or N = A-Z). It increases at the expense of increasing the
ecross section in the transferred energy region Q.>Qmax {where Qmaxis
the position of the nuclear A -peak maximum). (The absence of such
an A-dependence in the A(BHe,t) data of Saclay/4/
strong demping due to the 3He formfactor.) Thig A-dependence of the

ig caused by the

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

The bulk of the available data on the charge exchange with nu-
clesr A ~excitations and the success of the OPEM in explaining the
charge-exchange cross sections on a preton target allow us to suppose
that at small P the charge exchange with A -excitations goes
mainly through the one-pion exchange, This asgumption makes 1% poasi-
ble to outline the commection between the discugsed effects in the
charge exchange with A -excitations and the effects investigated in
the 77 A physics, as well as with the behaviour of the longitudinal
nuclear spin-iscspin response. These problems should be studied taking
intc asccount the electroexcitation data on nuclei, particularly at
amall electron scattering angles L

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

Firgt, it is neceasary to make 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
cross sectlonas at small ?L' Using such data, one can elucldste the
questions concerning poseible A-dependent structures of the nuclear

A ~peak and the A-dependence of its position.In such experiment is
would be pospible to separate the mesonic and non-mesonic modes of

A —deexcitaticns and to determine their relative contributions to
the full width of the nuclear A -peak. Comparing this information
with 7’ -ebscrption data, one could learn a lot about A-s in nucle-
ar matter.

Experiments like A{d, 2p) with polarized deuterons or measure-=
ments of the D = paremeter in the A{p,n) reaction with the nuclear



A -excitations would allow one to cbiain very important informati-
on on the reaction mechanism.

There exists a long-standing problem of Gamov-Theller sirength
guenching. This quenching may be connected with the nuclear A-exci-
tétions. In view of this, it is worth-while to measure the cross sec-
tions of direct and inverse reactions such as (p,n) and {(n,p) or
(BHe,t) and (t,BHe) at Lhe same energies and emission angles. Such a
comparison is much less model-dependent than the comparison between
the {(d4,2p) and (3He,t) or {p,n) data.

It loocks desirable to investigaie a possible anslogy between ithe
charge exchange with nuclear A -excitations and A -electroexcitati-
ong of nuclei at small p .

The authors arc grateful to V.F. Dnitriev, A4.V. Efremov and
A.P. Kobushkin for interesi and useful discusscions of the obtalined
resulis. We thank E.M. Macv for the permission to use his data tables
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ABnees B.T. w ap. E1-87-797
fensTa-n3obapHuwe BOaGymaeHna AREP B PEaKUMAX
nepe3Iapraxu

MpHeeaeHs pedynsTaTw HIMEPEHHMH AMPPEPEHUMANBHBIX CENEHWA nepelapagkM
(®He,t} ma mgpax yrnepoaa w npoToHax B obnacTu aneprwi 800 MaB/Hyknow
8o 5 Ta3B/Hywnou. MNoka3ako: a/ peakuup Ha AQpe WAET, B OCHOBHOM, 4Yeped BO36yw-
pemMus A-maobap; 6/ npouecc He CBORMTCA K pOMaeHWo naobapw Ha OTQEeNbHOM BHYT-
PHAQEPHOM HYKAGHE W NOcnegyowemy cBoBOaHOMY ABMXEHMIC M306apW CKBO3e AAPO. 39-
PEXTH KOMMEKTHEBHON NPUpoAb, OCYCHOBNEHHHE YUACTHMEM ODYIWX HYK/IOHOS RAPA-MHWe-
WM, WrPaRT CYWECTBEHHYI POfib. 3TOT BWBOA NOATBEPMASETCA peaynsTaTamu npoae-
pexHaro B paboTe asManu3a ApPYrMX M3BECTHRX [QAHHEX O AAEPHEX A-nOo36yMgeHHAX
8 peaKuMAX nepe3apAfKn DENATHBHCTCKHX RAER W B A(p,n) peakuywn. OTMeuaeTca
cBA3L OBCymMAaeMux IDPEKTOB € 3PHeKTamu, ODHADYNEHHWMM NPU WIYUeHWN TIA BIAUMO-
ACHCTBWIA, 8 TOM 4ACNE C 3IHEPrOIFBUCHMMOCTHID NOMKLIX cederri A B33WMOAEACTEBHA,

Pa6oTa BwnonkeMa B Jla5SopaTopuu BRCOKWX 3HepTuin OHAH.

{Tpenpist OGLeNHENOrD KECTHTYTA ALSPELIT HCCNETOBIHMN. HyGua 1987

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

We present our measurement results of differential cross sections of the
{®He,t) change exchange on carbon nuclei and protons at enerales from
800 MeV/nucl up to 5 GeV/nucl. They imply that a) the reaction en a nucleus
proceeds mainiy through the excitation of the A-isobars; b) the process is
not 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 cotlective effects caused by other nucleons are impartant. This
conclusion is confirmed by our analysis of the information on the nuclear
A-excitations in the charge exchange of relativistic nuclei and Alp,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 Eneraies,
JINR.
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