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1. In refs.ll-3/ a theoretical analysis of reactions 
pd .. pX and dd .. dX was performed within the multiple scat­
tering model. It has been shown that the two-peak structure 
observed experimentally at q 2 > 0.5 +I (GeV/c) 2 in the mo­
mentum. spectra of scattered protons and deuterons is a direct 
consequence of the target composite structure. The composite 
structure of a scattered object in reaction dd-+ dX starts 
to be observed at momentum transfers q 2 > 1.5 (GeV/c)2 and 
gives rise to the third peak in its momentum spectrum/41 . 

It is natural to trace what is the influence of further 
complication of the structure of interacting nuclei on the 
characteristics of reactions A 1A2 ... At X at large momentum 
transfers in the nonrelativistic approximations. The effect 
of relativistic contractions will be considered in attempts 
to generalize the obtained results to hadron-hadron interac­
tions. 

Theoretical results could be useful for planning experiments 
on the relativistic-ion beams which have recently formed an 
important part of the scientific program of many physical 
laboratories of the world. 

2. In the present paper the reactions 8Hed ... 3HeX and 
4 Hed ... 4HeX are studied. Let us first trace, on a quali-
tative level, the dynamics of appearance of a possible struc­
ture in momentum spectra of nuclei, quasielastically scattered 
by deutron nucleons. As can be seen from calculational results 
presented below, the structure emerges at rather large momen­
tum transfers, of an order of 0.5-0.7 GeV/c per nucleon of 
a scattered nucleus. It is obvious that the scattering of a 
nucleus with such a large transfer momentum (as compared with 
the Fermi-momentum) is possible provided that all its nuc­
leons suffer at least one interaction with target nucleons. 
Amplitudes for the multiple scattering mechanisms, in which 
at least one nucleon of a scattered nucleus does not partici­
pate in the interaction, turn out to be proportional to some 
quantities like nuclear form factors and are negligible as 
compared to the amplitudes of interaction of all nucleus nucle­
ons, which are proportional to combinations of NN-scattering 
amplitudes. Interaction mechanisms of a scattered nucleus A 
with a deuteron, which are significant at large transfer mo-.__... ............. ---'<=" 
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menta, are easily classified since each nucleon of the nucle­
us A can interact either with a proton or a neutron (single 
scattering) or with both of them successively (double scat­
tering). Let m nucleons of the scattered nucleus undergo 
single interaction with a proton only, n nucleons with a neut-
ron only, and the remaining (A-m-n) nucleons with both 
the deuteron nucleons. Clearly, the condition of "survival" 
of nucleus A in the large-transfer- q momentum scattering is 
that each of its nucleons transfers the momentum WA to deute­
ron nucleons which it interacts with. If a certain nucleon of 
the nucleus A interacts with both deuteron nucleons, this 
momentum is distributed almost equally between them. Thus, 
as a result of this mechanism, the deuteron proton acquires 

... ... I the momentum q(A+ m-n)/2A and the neutron q(A-m+n) 2A. 
If the deuteron nucleons were at rest and the described pro­
cedure of the momentum transfer were unambiguous, the energy 
loss by nucleus A required to transfer such momenta to deute­
ron nucleons would be 

... 2 ... 2 ... 
L\E = q [(A+m-n) 2 +(A+n-m) 2 ]=-q- +..2._[ q(m-n) ]

2 
(I) 

mn Sm NA 2 4m N m N 2A 

and in the momentum spectra of the scattered nucleus one would 
observe sharp ( 8 -shaped) peaks corresponding to energy los­
ses L\E mn. From (I) it can be seen that the number of such 
peaks equals (A+ 1) and they are equidistant in the variab-

q2 y'M~-M~ 
le k = y'mNL\E- T = 

2 
, the momentum of relative 

motion of the neutron and proton /SI.If these peaks were real­
ly 8-shaped, then, in principle, all of them would be obser­
vable irrespective of the strength of the corresponding 
"lines". However, there exist some factors (apart from ap­
paratus) which give rise to an essential smearing out of this 
clear structure of studied spectra. One of them is common for 
all the mechanisms of interaction of A nucleus nucleons with 
deuteron nucleons, it is the intranuclear motion. This fact.or 
is unique only for the mechanism of quasielastic scattering 
of a nucleus on a deuteron nucleon ( m =A, n =0, m=O, n= A ) . 
In this case the whole momentum q is transferred to one nucleon 
and the mechanism of sharing of this momentum among nucleons 
of the nucleus A is thus of no significance. Therefore, the 
quasi-elastic-scattering peak should be the most narrow and 
should be determined by the width of nucleon distribution over 
the Fermi-momenta. The shape of peaks corresponding to m f. O, 
n f, 0, with m + n =A, depends also on the Fermi-motion of 
nucleus A.Evidently, the mentioned above condition of "survi­
val" of the nucleus A is fulfilled up to an order of magnitude 
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of the Fermi-momenta of nucleons of the nucleus A.Consequent­
ly, the width of the corresponding peaks will be a sum of 
widths of Fermi-distributions in both the nuclei. The most 
smeared peaks are those corresponding to mechanisms with 
m + n < A.The reason is that the latter include the interaction 
at least of one nucleon of the nucleus A with both the deute­
ron nucleons in which the momentum q/A is equally distributed 
between_the proton and neutron up to an order of magnitude 
of 1/y'B, where B is the slope parameter of the NN-scattering 
differential cross section ( B-~ is of an order of magnitu­
de of the quark Fermi-momentum in a nucleon). Overlapping 
of the peaks of finite width may smear out, completely or 
partially, the structure of the discussed spactra. One of 
the condition of separation of peaks corresponding to various 
interaction mechanisms (or to set of different mechanisms 
with equal ( m- n) ) is that the interval between their cen­
ters exceed noticeably their characteristic widths. From (I) 
it follows that this condition can be fulfilled for the reac­
tions with large momentum transfers (with small cross secti­
ons). The second condition is the comparability of strengths 
of mechanisms corresponding to different sets of m,n. To 
establish when this condition holds requires concrete calcula­
tions results which are presented below. 

3. Since the principal schemes of theoretical analysis of 
the reaction dd-+ dX and of more general ones, Ad-+ AX in the 
framework of the multiple scattering model have no difference 
and the first of them is rather thouroughly studied, we re­
call only the main approximations used and present final 
results of calculations for cross sections of inclusive reac-
tions Ad -+AX (for details, see refs. /1·31 ) • 

First of all, calculations do not include the contribution 
into the high momentum part (L\E ::; q2/2m N ) of the spect­
rum of processes with the pion production, i.e., it is assu­
med that a nondetected system X consists of products of the 
deuteron disintegration (proton, neutron). The complete sys­
tem of wave functions of the target final state was chosen 
in the form of plane waves, i.e., effects of up-interaction 
in the final state were neglected. A detailed discussion of 
this question is given in ref.111

. Wave functions of the ground 
state of the deuteron and nucleus A are taken in the form 
of Gaussian functions of relative coordinates. This conven­
tional approximation, together with the conventional Gaus-
sian parametrization for profile functions of NN-scattering 
allows us to perform all integrations in the problem. The 
analytic final form of the differential cross sections of reac­
tion Ad .. AX to be investigated is as follows 
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Fig. I. Helium spectra with 
respect to the missing mass 
in react ions 4He d-+ 4 He X. So­
lid lines are the nonrelati­
vistic approximation. dashed 
lines with the relativistic 
contraction of nuclei taken 
into account. 

Fig.2. The same as Fig. I but ~ 
for reaction 3 Hed -+ 3HeX. ' 
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(m-n) 2 (A-m-n) 1-1. 

(m+n)[AR2 + B(2A--m-n)) 

where q2 is the momentum transfer squared, p the momentum of 
a scattered nucleus, o the total cross section of NN-inte­
raction, B the slope parameter of the NNrscattering differen­
tial cross sect1on, A the numoer oi nucieons of uul:l~u:s A., 
I 

0 
the Bessel function of imaginary argument, R and -& 4 are 

oscillator parameters of Gaussian distributions of the nucleon 
density in nuclei A and d,respectively. The latter were taken 
to equal 

&
4

•2.28 fm, R
888

=1.7 fm, &48, =1.37 fm. 

Note that the destructive interference of amplitudes with 
both (k- t) and (m-n) equal to unity, i.e., of those gi­
ving the most significant contribution into neighbouring 
peaks, like in the case of reactions pd -+ pX and dd-+ dX 
(see, e.g., refs. 11·3/ ) provides a more clear separa-
tion of peaks in momentum spectra. The dynamics of evolution 
of the structure in momentum spectra of nuclei 

8
He and 

4
He 

with growing transfer momenta is shown in Fig.l,2. 
Instead of the traditional variable p, the scattered-nuc­

leus momentum, in terms of which the picture is strongly 
deformed, we use the dimentionless variable 
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In terms of this variable the pos1t1ons of peaks are al­
most equidistant and do not depend on the invariable trans­
fer t. From Fi&s. 1,2 it is seen that with increasing trans­
fer momenta the structure of spectra becomes more clear, 
however, the cross sections of processes sharply fall in 
magnitude. 

4. Interest to the problem of a possible generalization 
of the results obtained to the processes of hadron-hadron 
interactions (e.g., Nrr~ NX ) arises for two reasons: first, 
based on the model of hadrons as composite systems within 
the quark hypothesis, the analogy of structures of hadrons 
and light atomic nuclei, and second, the assumption of the 
same interaction mechanism. At first sight it seems natural 
to conclude that a similarity should exist in the behaviour 
of characteristics of nculeus-nuclear and hadron-hadron pro­
cesses. The discovery of the diffraction structure in the 
differential cross sections of elastic pp -scattering con­
furms to an extent this conclusion. However, a detailed com­
parison of calculations, within the multiple-scattering mo­
del performed by the traditional scheme of the theory of nuc­
leus-nucleus scattering revealed a noticeable discrepancy 
between the theory and experiment. The theory predicted two 
diffraction minima in the differential cross sections of 
PP -scattering at transfer momenta -t = 0. 7 + 0. 8 (GeV/c)2; 
-t~ 1_'1 +U t; ((!~\1/ro'2 1'.Th;1o ovnor;n'\OT"'t-~11n ,.,..,,".,. ,...'",... .... _;.,.,:.,.. •• ...., 

was re~istered at.-t, = 1-.-J-+-1 ~i;" (c~v/~)2.--Thi~-di;~;e;;~~;-has 
led authors of ref. 181 to the premature conclusion about the 
invalidity of the quark model and necessary inclusion into 
the hadron structure of a considerable gluon component. This 
difficulty was resolved in refs! 71 the authors of which 
stressed for the first time the importance of the considerati­
on of a number of relativistic effects and, on the basis of 
the relativization scheme they proposed for the multiple scat­
tering model, described the data on high-energy pp-scattering 
without going beyond the scope of the quark model. 

Relativistic effects should be taken into account also in 
attempting to generalize the results we have obtained for the 
cross sections of inclusive reactions SHed ~sHeX to the 
case of reactions Nrr~NX. 

In the above presented results of calculations for reac­
tion Ad~ AX the effect of relativistic contraction of inte­
racting nuclei was not taken into account. Being taken into 
account this effect leads to the dependence of oscillator 
parameters Rd and R of Gaussian distributions of nucleon den­
sity in the deuteron and nuclei on the momentum transfer: 
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This effect, though somewhat deforming the picture (see dashed 
lines in Figs. 1,2), does not change the main conclusion on 
a possible observation of the (A+l)-peak structure of mo-
mentum spectra of scattered nuclei. 

A completely different picture is observed for reaction 
Nrr ~NX.If the cross sections of this reaction are calcula-
ted within the quark model without the effects of relativistic 
contraction of hadrons, then the multiple scattering model 
predicts for nucleon momentum spectra almost the same proper­
ties as for spectra of nuclei SHe in reaction 8 Hed ~ 3 HeX, 
with the OQly difference that this structure should completely 
reveal itself at values of the transfer momentum squared q2 
almost <r 2>A/<r 2 >h = 6 times as large as those in the 
reaction Ad~ AX.For reaction Nrr~NX these momenta are of 
an order of 15 +20 (GeV/c)2. However, the inclusion of the ef­
fect of relativistic contraction in reaction Nrr-+ NX results 
in full disappearance of the diffraction picture (see Fig.3). 
In this case we used the following values of parameters 
Rrr::. 0. 59 fm, RN= 0. 84 fm, B =0. 5 (GeV I c)-2 , q =5. 38 mb. 
Absence of the structure does not contradict th:~ultiple 

hPr::111,::p in h::~nrnn-h::~nrnn int-Pr::~rt-inn,:: t-hP 

very relativistic nature of hadrons is significant, which we 
have not yet taken into account. Therefore, conclusions about 
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invalidity of the model or in­
teraction mechanisms would be 
premature, 1 ike for pp -
scattering. However, this 
example clearly shows how 
dangerous are predictions on 
the basis of the analogy of 

Fig.3. Proton spectra with 
respect to the missing mass 1n 
reaction Nrr-+ NX. Solid lines 
are the nonrelativistic appro­
ximation, dashed lines with 
the relativistic contraction 
of nuclei taken into account. 
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structures of hadrons and light atomic nuclei without allowing 
for specific features of hadron-hadron interactions. 

In conclusion I express my deep gratitude to A.V.Tarasov 
for formulation of the,problem and discussions, to A.N.Sis­
sakian for interest and support. It is a pleasure also for 
me to thank P.G.Nazmitdinov and V.V.Uzhinsky for help at 
computer. 
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CaaKRH C. B. HMnynbCHbJe cneKTpbl nerKHX R,o;ep E2-82-409 
a peaKIJ;HRX Ad-+AX rrpH 6onbUJHX nepep;aqax HMnYnbca 

B paMKax Mo,o;enH MHoroKpaTHOro paccenHHH pacctJHTaHbl cetJeHHR 
HHKnJ03HBHbJX peaKn;Hii 3Hed-+ 3 HeX H 4 Hed ... 4 HeX. IloKa3a-
Ho, 'ITO llpH 3Ha'leHHHX rrepe,o;aHHOrO HMilyllbCa Ha O,!J;HH HYKllOH pac­
ceusaeMOrO R,o;pa 6onbme tJeM 0,5 f3B/c a HMrrynbCHbJX crreKTpax 
rrocne,o;Hero B03HHKaeT cno~Han CTPYKTypa, o6ycnosneHHaH pa3p;ene­
HHeM BKnap;OB pa3llH'IHbiX MeXaHH3MOB MHOrOKpaTHOrO pacceHHHJI. 
B crreKTpax HY-KllOHOB a peaKIJ;HH N17-+ NX rro,o;o6HaH CTPYKTypa 3aMa-
3bJBaeTCR penHTHBHCTCKHMH 3~eKTaMH C~aTHH. 

Pa6oTa BbJilOnHeHa B J1a6opaTOpHH TeopeTH'IeCKOH cPH3HKH mum. 
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Saakian S.B. The Momentum Spectra of Light Nuclei 
in Reactions Ad ... AX at Large Momentum Transfers 
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Within the multiple scattering model the inclusive cross 
sections 3 Hed ... 3HeX and 4 Hed -+ 4HeX are calculated. At 
momentum transfers per nucleon of a scattered nucleus of 
0.5 GeV/c in momentum spectra a fine structure arises because 
of the separation of contributions from different mechanisms 
of multiple scattering. In nucleon spectra in the reaction 
N11 -+NXsuch a structure is suppressed by relativistic con-
traction. 

The investigation has been performed at the Laboratory of 
Theoretical Physics, JINR. 
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