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1. INTRODUCTION 
Recent d-d sca t ter ing experiments a t 4.3, 6.3 and 

8.9 GeV/c have revea led the ex i s t ence of the double -
peak s t ructure in the high-momentum par ts of the 
s e c o n d a r y deuteron s p e c t r a measured at a n ang le 
of 103 m r / 1 / . T h e s e data have been explained on the 
b a s i s of the multiple nucleon-nucleon sca t ter ing 
model. T h e a n a l y s i s performed in the framework of 
this model h a s shown that in d-d sca t ter ing a t mo
mentum t ransfers in the r ange of | t | - 0.3-1.0(GeV/c), 
a long with the quas ie las t ic d-N scat ter ing, s u c h col 
l is ions a r e important when both the nuc leons of the 
incident deuteron interact simultaneously with the n u c 
l eons of the target nuc leus . A s a result, the diffe
rential c r o s s sec t ion of the e las t ic d—d scat ter ing 
at t h e s e momentum t ransfers is comparable with the 
contribution of the quas ie las t ic scat ter ing (involving 
the target deuteron break-up), unlike p - d col l is ions 
where the relative contribution of the e las t ic p-d s c a t 
tering is small under the same conditions 2> 3 . A p p a 
rently, this peculiarity of deuteron interactions must 
be revealed in the nuclear scat ter ing a s well. T h e s e 
cons idera t ions have stimulated the s tudy of deu te ron-
nuc leus scat ter ing. 

Below we p resen t the resu l t s of measurements 
and the ana lys i s of the high-momentum par ts of s e 
conda ry deuteron s p e c t r a from deu te ron-carbon s c a t 
tering a t 4,3, 6.3 and 8.9 GeV/c, a s well a s those 
from deuteron-aluminium and deuteron-bismuth s c a t 
tering a t 6.3 GeV/c. Some data obtained in the mea
surements with e Li and 7Li nuclei at 6.3 GeV/c a r e 
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given. Sect ion 2 p r e s e n t s the experimental r e su l t s . 
In Sect ion 3 the approximations a r e treated which a r e 
used for der iving the e x p r e s s i o n s descr ib ing the 
quas i -e las t i c deu te ron-nuc leus scat ter ing in the 
framework of the multiple sca t te r ing model, and the 
calculation resu l t s a r e compared with the experiment. 
T h e e x p r e s s i o n s u s e d in the calculat ions a r e given 
in the Append ix . T h e derivation of t he se e x p r e s s i o n s 
will be p resen ted e l sewhere . 

2. THE EXPERIMENTAL DATA 
T h e experiments were carr ied out with the d e u t e -

ron beam ext rac ted from the JINR synchrophaso t ron . 
T h e s e c o n d a r y deu te rons emitted in the reac t ions 

d +A ^ d + X (1) 
were de tec ted at a n angle of 103 mr by means of 
a s ingle-arm magnetic spec t rometer with wire s p a r k 
chambers on-line with the computer.. T h e s p e c t r o 
meter and the experimental technique have been 
outlined in r e f s / 4 , 5 / . 

T h e measured momentum spec t r a of s e c o n d a r y 
deu te rons a r e shown in figs. 1 and 2_. Fig. 1 shows 
the high momentum par ts of the deuteron spec t r a 
from deu te ron-ca rbon sca t te r ing at an ang le of 103 mr 
and the initial deu te ron momenta of 4.3, 6.3 and 
8.9 GeV/c. T h e same figure s h o w s the e las t ic d - p 
sca t ter ing p e a k s . T h e y d e s c r i b e the spec t rometer 
resolution. T h e a r r o w s show the momentum va lues 
calculated from the e las t ic d-p , d -d and d-C kinema
tics. 

It is s e e n that the s h a p e of the d-C spect rum 
c h a n g e s noticeably when p a s s i n g from 4.3 to 8.9GeV/c. 
T h e s h a r p right-hand s lope of 4.3 GeV/c spect rum 
allows one to conc lude that there is a cer ta in c o n 
tribution of deu t e rons from the diffraction sca t te r ing 
on ca rbon nuclei . With 6.3 and 8.9 GeV/c there is 
no visible contribution from the diffraction sca t te r ing . 
Never the less , the maxima of the spec t ra measured 
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Pig. 1. High momentum spec t r a of deu te rons emitted in the coll isions of 4*3, 
6.3 and 8.9 GeV/c deutorons with carbon nuclei a t a lab. angle of 103 mr. 
T h e a r rows show deuteron momontum va lues calculated from the e las t ic d - p , 
d-d and d-C kinematics. T h e e las t ic d - p sca t ter ing peaks cha rac t e r i ze the 
spect rometer resolution. Dashed and solid c u r v e s a r e the resu l t s of calculat ions. 
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Pig. 2. High momentum spec t r a of deu te rons emitted 
in the coll is ions of 6.3 GeV/c deu te rons with С , Al 
and Bi nuclei at a lab. ang le of 103 mr. Below the 
experimental points is shown the double-peak s t ruc 
ture in the deute ron spectrum from d-d coll is ions 
(the da ta of re{.^ ), Solid c u r v e s a r e the resu l t s 
of calculat ions . 

at 6.3 and 8.9 GeV/c a r e shifted to the right of the 
e las t ic d - p sca t ter ing p e a k s . Qualitatively, it c a n be 
regarded a s a n indication to the ex i s tence of deu te 
ron scat ter ing on more than one nucleon in the target 
nuc leus . 
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Figure 2 shows the momentum spec t r a of 
6.3 GeV/c deu te rons sca t t e red on С , Al and Bi 
nuclei. T h e s a m e figure shows , below the exper imen
tal points, the double-peak s t ruc ture in the high-mo
mentum part of the s e c o n d a r y deuteron spectrum from 
d—d col l i s ions . T h e da ta h a v e been taken from 
ref, * . A s c a n be s e e n , with increas ing the atomic 
number of the target nuc leus the cen t res of gravity 
of the deute ron momentum distributions a r e shifted 
towards la rger momentum v a l u e s . T h e va lues of the 
cen t r e s of gravity of the deute ron distributions ca l cu 
lated in the momentum interval from 5.92 to 6.40 GeV/c 
for *H, 2 H , 6 L i , 7Li , С , Al and Bi nuclei a r e 
6.073, 6.112, 6.133, 6.136, 6.140, 6.148 and 6.162 GeV/c, 
respect ively . Both the inc reas ing multiplicity of N —N 
coll is ions with inc reas ing A of the target nuc leus and 
the ex i s tence of deu te ron sca t ter ing on nucleon c l u s 
t e r s ins ide the nucleus c a n lead to this effect. 

T h e differential c r o s s sec t ions of deuteron emis
s i o n in the momentum intervals cor responding to 
the quas i -e las t i c sca t te r ing a r e given in the fifth 
column of Tab le 1. T h e third column of the same 
table p re sen t s the va lues of the differential c r o s s 
sec t ions in the momentum intervals cor responding to 
the "coherent" pion production by deu te rons on nuclei, 
occurr ing without the incident deu te ron b reak-up . The 
e r ro r quoted after e a c h c r o s s sec t ion is the point 
to point e r ro r for measurements at the initial deu te ron 
momentum P 0 given, s i n c e it is composed of the 
contributions of the statistical error , short-time moni
tor fluctuations and the variation of the cor rec t ions 
for the absorpt ion of s e c o n d a r y deu te rons a long the 
spectrometer . When comparing the differential c r o s s 
sec t ions for different p 0 a s well a s the resu l t s of 
other investigations, the possibility of the systemat ic 
e r ro r of +_20% due to the uncertainty in the abso lu te 
calibration of the primary beam intensity must be 
taken into account . 
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Table 1 
Differential c r o s s s e c t i o n s da/dfl (in mb/sr) of 
deu te ron emission a t an angle of 103 mr in the 
reac t ions d +A -» d + X for different momentum intervals 
Ap (in GeV/c) of s e c o n d a r y deu te rons at 4.3, 6.3 
and 8.9 GeV/c 

P o - 4.3 CeV/c 

A Л Р Ae/dSL др de/dSL 

S 3.8 + 0.4 4.12 - 4.26 13.6 + 0.6 

h 3.44 - 4.05 5.5 + 0.S 4.05 - 4.30 20.8 + 1.0 
С 21.4 + 1.2 4.05 - 4.36 77.2 + 3.5 

P o - 6.3 GeV/c 

A д р ас/ал д р de/dSL 

l H 2.4 + 0.3 6.01 - 6.14 3.0 + 0.3 
2H 3.8 + 0.4 5.93 - 6.23 6.8 + 0.4 
6 t i 6.3 + 0.5 r 14.3 + 0.7 
7 L i 5.02 - 5.90 7.4 + 0.5 17.0 + 0 . 8 
С 12.4 + 0.6 5.90 - 6.33 i 26.9 + 1.4 

Al 20.5 + 1.2 44.1 + 2.2 
Bi 41.8 + 3.3 !• 97.1 + 4.9 

P o - 8.9 G*V/c 

A Др dtf/сиг д р de/<ui 

h 2.9 + 0.3 8.38 - 8.55 2.8 + 0.2 
2n 6.62 - 8.21 5.5 + 0.4 8.30 - 8.73 5.6 + о.З 

С 16.6 + 0.9 8.21 - 8.91 16.5 + 0.8 
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3. ANALYSIS O F EXPERIMENTAL DATA 
One could hardly doubt about the applicability of 

the model of multiple N-N sca t te r ing ' for ana lys ing 
relativistic deu te ron scat ter ing on nuclei if a t the mo
ment of coll is ions with the nuc leus a proton and neut
ron in the incident deuteron were a lways remoted 
from e a c h other by a d i s tance longer than the a v e r a g e 
one ( > 3 fm) and interacted with nuc lear nuc leons 
near ly a s free par t ic les . However, the c h a r a c t e r of 
the space- t ime development of deuteron interaction 
with nuclei must be different in the c a s e when a t the 
moment of collision a proton and a neutron in the 
deuteron a r e at shor t d i s t ances ( й 0.6 fm) and in
te rac t with nuclear nuc leons a s - a whole. 

A t p resen t there a r e no quantitative descr ip t ions 
of the space- t ime development of s u c h deu te ron-
nuc leus interact ions. Therefore , we have performed, 
the a n a l y s i s of high momentum par ts of deuteron 
distributions in reac t ions (l) in the framework of the 
traditional model of multiple N -N sca t te r ing developed 
for the descr ipt ion of the momentum spec t r a of s c a t 
tered p r o t o n s / 8 - 1 0 / . All position corre la t ions of target 
nuc leons both due to the Pauli principle and nucloon 
cluster ing were neglected. Bes ides , we have limited 
ou r se lves to cons ider ing only s u c h incoherent d e u -
te ron-nucleus interact ions which resul t in knocking 
out not more than three nuc leons from the nuc leus . 
S ince we ana lysed only the upper par ts of momentum 
spec t r a cor responding to small momentum l o s s e s of 
incident deu te rons , the production of new par t icles , 
pions, first of all, was not taken into account . 

Consider , first, the angula r distribution da/dfl 
of the deu te rons sca t t e red quasi-e las t ical ly . For the 
uncorrelated nucleon distribution in the nuc leus do /dfi 
c a n be e x p r e s s e d in terms of the densi ty distributions 
of colliding nuclei and the N-N scat ter ing amplitude, 
and c a n be written a s a sum of the differential c r o s s 
sec t ions cor responding to n nucleons knocked out 
from the nuc leus : 
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i2~sii£L (2) 
where 

^ . J r / r f l ) . . . T ( ^ U w l ' d . - . , t f . . 
The amplitude of the incoherent interaction of 

the incident deuteron with target nucleons 3^' is 
given by 

- (9,s1 s n ) = -p-/exp(iqb).rir(b-s i f S D jx 

xexp[-/ r(ts',s*D)TCs')dl']r (SjpdSbdSsp, 

T(b-s .S D ) e y (b- S

H , - in) + y(b4'-s + ̂ - ) . y (b , 4-.^ x ( 3 ) 

x y ( b , > - S + ^ ) , 

y ( £ ) = - J /f (q)exp(-igb)daq, 

T(s) =J>(Vs 2 + z2)dz 

^ ( 4 ) = / | ^ D ( \ / s 2

D + z 2 ) ! 2 d z ' 
where p 0 is the momentum of the incident deuteron, 
ф (r) is the deuteron wave function, p(r) is the 
nuclear density distribution, and fpjf/Q) is the nuc-
leon-nucleon scattering amplitude at (l/2)p0. 

Each of the amplitudes ? ( n ) can be represented 
as a sum of the terms corresponding to the certain 
combination of collisions between deuteron nucleons 
and the target ones. The number of terms in fPn* 
is increased rapidly with increasing n. Por example, 
the amplitude |F' ' has 14 different terms describing 
various types of multiple nucleon-nucleon collisions, 
the multiplicity being varied from 3 to 6. In the gene
ral case, all the terms in ? ( n ) have the same 
orders of magnitude and must be taken into account 
in the calculations. That is why we have confined 
ourselves to n Шах=3-
10 



If the momentum transfer q is sufficiently large, 
s o that q » 1/RQ • o n e c a n n e g l e c t the terms descr ib ing 
the coll isions of only one of the deuteron nuc leons 
with the target nucleons which a r e knocked out. 
In the Born approximation the contributions of s u c h 
terms a r e proportional to exp(-q 2Rp/16),and for 0=103 mr, 
p 0=6.3 and 8.9 GeV/c they a r e small in compar ison 

with the other terms of the amplitude. Moreover , for 
n > 1 the terms h a v e been omitted which cor respond 

to the coll is ions with the maximum 2n multiplicity 
s ince , accord ing to our estimations, their contribution 
d o e s not exceed 5%. Finally, 1, 3 and 12 different 
terms have been taken into accoun t in the amplitudes 
y(l) ^ g:(2) a n d ^(3), r e s p e c t i v e i y < T h u s , the diffe
rential c r o s s sec t ion da' 1"/<Ш, in turn, h a s the form 
of a sum with the terms represen t ing the contribu
tions of va r ious types of the multiple coll isions and 
their in terferences , and it c a n be written a s 

(1) 
, (n) r m a x d a p

( n ) 

P=l dfl 

w h e r e C m a x = 1,4 a n d 20 for n = 1,2 a n d 3 , r e s p e c 
t ive ly . 

In d e r i v i n g exp l ic i t e x p r e s s i o n s for day ,'dQ 
w e h a v e u s e d t h e u s u a l a p p r o x i m a t i o n tha t t h e ^ - N 
i n t e r a c t i o n r a n g e d e t e r m i n e d b y t h e s l o p e p a r a m e t e r b 
for different ial c r o s s s e c t i o n of e l a s t i c N-N s c a t t e r i n g 
i s smal l c o m p a r e d with t h e n u c l e a r r a d i u s , a n d t h e 
c o r r e c t i o n s p r o p o r t i o n a l to Ь / Н д h a v e not b e e n t a k e n 
in to a c c o u n t . Only t h e mos t e s s e n t i a l c o r r e c t i o n 
t e r m s of t h o s e p r o p o r t i o n a l t o b / R p h a v e b e e n c o n 
s i d e r e d . T h e y a p p e a r a s Afe in t h e fo rmulas for 
dcrj?(nVdQ g i v e n in t he A p p e n d i x . Similar ly , on ly 
t h e main c o r r e c t i o n s of t h e c o h e r e n t e c l i p s e o n e s 
r e s u l t i n g from t h e e x p a n s i o n of t he e x p o n e n t in e q . 
(з) in p o w e r s of 

fY ( £ - l ' - - | D - ) у (S- s ' + ifi- )T(3'Ur 
have been taken into considerat ion. T h e y a r e r e 
ferred to a s ^n" in the Appendix . 

11 



Certain additional information about the s t ruc ture 
of the target nuc leus is needed to der ive the momen
tum distributions d^r/dfldp of deu te rons sca t t e red 
quasi-e las t ical ly . Fi rs t of all, one must know the 
function R(r , ]£ ) of the target nucleon distribution 
in the momentum k F a t the point with the coordinate 
r . In the independent particle model the function 
R(? .k " ) is e x p r e s s e d in terms of the dens i ty 
matrix рС'^.Го ) for nuc leons in the nuc leus a s 

R( r ,k F r) ~ J > V - | l , ? + - | l ) e x p ( i k F ? ' ) d r . 
Similarly to ref . / 1 0 ^ the function R(r, к ) is a s 

sumed to be factorized approximately: 
RCr.kj, ) = p ( ? ) P l ( k F ). 

where p( r ) is the dens i ty di -"ribution of nucl x>ns in 
the target nuc leus , and p (^ p ) is the momentum 
distribution of the target nuc leons . T o c a r r y out 
the major part of calculat ions analytically the func
tion p ( \ ) is a s sumed to be 

P., ( к „ )»(<*»• f e x p ( - k | / a ) , 
1 Г r 

where 

3 F 

Other n e c e s s a r y information is related to the 
wave, functions of the knocked out nuc leons in the 
final s ta te and, in particular, to the possibility of 
their forming the composite s y s t e m s which a r e frag
ments of the target nuc leus . T h e s e problems h a v e 
not been studied sufficiently, and additional simpli
fying assumpt ions must be made in car ry ing out 
pract ical ca lcula t ions . 

T h e gene ra l e x p r e s s i o n s for the momentum spec t r a 
of deu t e rons sca t t e red quas i -e las t ica l ly c a n be 
written a s 

fir~Gt ( p ° > p , q ) * ( 5 ) 
dftdp g ад 
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where the spec t ra l functions G* a r e normalized to 

/°Gf n ) (p p,q)dp = l . (6) 
0 u 

T h e explicit form of the function G g desc r ib ing 
the s h a p e of deuteron momentum distributions resultir.^ 
from different combinations of multiple coll is ions bet
ween the deute ron nucleons and the target o n e s 
s e e m s to depend cons iderab ly on the peculiari t ies of 
the interaction of outgoing nucleons . 

T h e functions Gp u sed at the first s tage of ca l 
culat ions were der ived under the assumption that 
the plane w a v e s should be the wave functions of 
the outgoing nuc leons . This implies the full neglect 
of nucleon interaction in the final s ta te . T h e deu te ron 
momentum s p e c t r a in the react ion d+C-»d + X a t 6.3 
and 8.9 GeV/c , computed in this approximation, a r e 
shown by d a s h e d c u r v e s in fig. 1. It is s e e n that 
there is a g rea t d i s c r e p a n c y with the experimental 
da ta espec ia l ly in the r ange of the small momentum 
l o s s e s . 

Two possibil i t ies were applied for improving the 
agreement of the calculat ions with the experiment 
a t the s e c o n d stage,- The first one w a s to take into 
accoun t the terms with n i .4 in the amplitude of the 
deu te ron-nuc leus sca t ter ing . However, the contr ibu
tion ofdo^ /dQ to the calculated differential c r o s s 
sec t ion was estimated to be small in comparison 
with S d a ^ d f i a * l eas t for the react ion d+C->d+X. 

n=l 
T h e s e c o n d possibility l.o obtain ha rde r ca l cu 

lated deu te ron momentum distributions is connected 
with the assumption that a part of nucleons which 
have interacted with incident deu t e rons should be 
emitted in the bound s t a t e s . In this c a s e the form 
of Qj?' must be changed, normalization condition (б) 
being conse rved . 

A s previously mentioned, the strict considera t ion 
of t h e s e effects is ra ther complicated and in the p r e 
s e n t investigation we \ v e u sed the phenomenological 
a p p r o a c h implying t h t replacement of Go by the 
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functions 
( l - x ( n ) )G<,n)

 + x ( n ) G ( n ) , 

where G ( n ' i s a spec t ra l function cor responding to 
the emission of n knocked out nucleons in the bound 

Q О 

s ta te , namely, deu te rons (n=2) or H and He nuclei 
(n=3), e tc . T h e coefficient * ' means the probability 
that n outgoing nucleons should form the bound s ta te . 

In deriving the e x p r e s s i o n s for Gy1' , similarly to 
ref. / i 0 , the intranuclear motion of target nuc leons 
in the longitudinal direction was neglected. Therefore , 
general ly speaking , the functions GjJ1 h ave incorrect 
behaviour when p-»p0 • However, this h a s a small 
effect on the calculation resu l t s s ince the c e n t r e s of 
gravity of the momentum distributions calculated a r e 
far away from PQ . T h e effect of the? longitudinal^ motion 
of the intranuclear nuc leons on the functions G^"' is 
more significant. Th i s effect w a s taken into accoun t 
in deriving the e x p r e s s i o n s for G n given in the 
Appendix . 

T h e resu l t s of calculat ions made under the a s 
sumption that a fraction of the nucleons knocked out 
from the nuc leus by deu te rons should emerge in the 
bound s ta te a r e shown in fig. 1 by solid c u r v e s . T h e 
calculat ions were carr ied out with x < 2* = x ^ = 0.4 
for 6.3 GeV/c and x< 2 ) = x<3> = 0.2 for 8.9 GeV/c. It 
is s e e n that with comparatively small va lues of the 
parameters x^"' - which do not contradict the 
simple estimations of their v a l u e s - a cons iderab ly 
better descr ip t ion for the right-hand s lopes of the 
momentum spec t r a of deu te rons in the react ion d+C-» 
-»d +X can be obtained than at the first s t a g e of the 
calculat ions with x * 2 ' =x * 3 ' =0, when the possibility 
of the fragment formation was neglected. T h e ca lcu la 
tion of the deuteron momentum spectrum at 4.3 GeV/c 
requ i res some approximations used in the p resen t 
calculat ions to be recons idered , and it vill be p r e 
sented e l sewhere . 

Figure 2 shows the calculated resul ts for d -C , 
d-Al a n d d - B i collisions at 6.3 GeV/c under the a s -
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sumption that x<8>=x W = 0.4. It is seen that for d-C 
collisions one can obtain some reasonable agreement 
with the experimental data, but no such agreement 
is obtained for d - Al and d - Bi collisions. A better 
agreement of calculations with experiment for medium 
and heavy nuclei can be obtained by taking into 
consideration, first, still higher order multiple inter
actions of the incident deuteron nucleons with target 
nucleons, second, the possibility of knocking out the 
fragments which are heavier than 2H , 3H and 3He. 
These processes become more probable with in
creasing the atomic number of the target nucleus. 
One cannot reject the existence of other important 
effects not considered in the analysis. 

The fact that the observed momentum distributions 
of scattered deuterons are better reproduced on the 
assumption that nuclear scattering of relativistic deu
terons at the momentum transfers | t | - 0.4-0,8(GeV/c) 
must be accompanied by knocking out the groups 
of bound nucleons may be a simple phenomenological 
description of the peculiarities of deuteron-nucleus 
interactions. The successive quantitative description 
of deuteron-nucleus interactions is rather a compli
cated problem. Further experimental and theoretical 
investigations are required to solve it. 

On the whole the situation for deuteron-nucleus 
scattering is quite different from that for nucleon-
nucleus scattering when within the framework of the 
model of multiple nucleon scattering without assuming 
the knock out of nucleon groups from nuclei it is 
possible to describe satisfactorily the shape of the 
high momentum part of the distribution of scattered 
nucleons (see, e.g., ref. / 3 / ). 

15 



APPENDIX 

The formulas used in the calculations of the momentum 
distributions of r'euterons from quasi-elastic deuteron 

nucleus scattering 

The elastic N-N scattering amplitude is paramet
rized in the form 

f N N(t)=(p'cr/'.^)(i+p)exp(^-bt), 

where p' is the momentum of the incident nucleon, 
p=4-p„. t is the four-momenturn transfer squared, 
p= RefN N(0)/ImfN N (0) , a is the total N-N cross sec 
tion, and b is the slope parameter for the differential 
cross section of elastic N—N scattering. The values 
of the parameters a , p and b are the same a s in 
ref. l • 

Tho douteron wave function is taken in the fol
lowing form: 

0D(r) = (^R 2

D)~ 3 / 4exp(-r 2/2R^), RD=2.28fm . 

The momentum distribution *of quasi-elastically 
scattered deuterons can be expressed as follows: 

dfldp n=l dQdp 
where 

dftdp 2A 2 P = l ' F 

— - = —KN„(l+p'0 , i S C„ G a , 
dfl dp 16 * tmi f f 

K-(2m p/E)(p n a/4 f f f (a /4 f f (LR2 + 2b)) exp(-bq2/2), 
N ° 2 D 
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Л=<т/4тгЬ , mN is the nucleon mass, р 0 is the incident 
deuteron momentum, E 0 f>rdl E are the energies of 
deuterons with the moment. p 0 and p, respectively, 
q 2 =p o P0 , q being the momentum transfer, (da/dQ) d N 

is the differential cross section of the elastic deute-
ron-nucleon scattering (we hive used the values of 
the differential cross sections for the elastic d -psca t -
tering measured in the present experiment). 

1) Por the single scattering we have: 

G ( 1 ) = i - e x p [ - ( q 2

+ k 2 ) / a ] l 0 ( 2 q k / „ ) , 

a = | - ^ k | > > 0.028(GeV/c)2, к 2 =2m N (E 0 -E) , 

2 
where к /2m N is the sum of the kinetic energies of 
nucleons knocked out from the nucleus by the inci
dent deuteron, I 0 is the modified Bessel function of 
the zeroth order. 

2) Por the deuteron-nucleus scattering in which 
two nucleons are knocked out we have: 

(2) N 2 , RE , 2 u u * ( 2 ) V 1 x A ( 2 , l 
l " N 7 ( " 2 T * ) ( 1E ) ( IR^ 

С (

2

2 и 2 ( 1 + Р

2 Х 1 + Л ^ ) ( 1 + Д ( ^ ) е х Р ( Ь д 2 / 8 ) , 

c f U 2 ( l +p Z)d + b™ XI +Afp ), 

С<2>=-8Л(1 + Д < 4

2 > Х 1 + Д (

4

2 > ) . 
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IE R 2 + 12b Я 2

 4 N

2 

A ( ^ = - 4 b / ( R 2 + 4 b ) , 4R D 

(2) o t h e r Ap R h a v e b e e n t a k e n to b e z e r o . 

S p e c t r a l f unc t ions Gl 2^ h a v e t h e following form: 

Г о ал «» а Р О а af 
Aqk_ , / JL^ i „ r2qL x l 0 ( ^ 4 K _ V A j , ( ± 4 ! L V / ^ ( l - x ) ) d x , 

u « <s ар « 

w h e r e 
2 

a j = a + 4 / ( R D + 4 b ) , a 2 = a 3 = a + l / b , 

a 4 = a + 8 / ( R 2

J + 4b) , /3 t =0 3 = Д 4 = °- 0 8 - 1 ' 8 . 

It t h e n e u t r o n a n d t h e p r o t o n k n o c k e d out from 
t h e n u c l e u s b y t h e inc iden t d e u t e r o n e m e r g e a s t h e 
d e u t e r o n , t he func t ions G„ a r e r e p l a c e d b y t h e f u n c 
t i o n s 

(1-*< 8 >)0«> + ж<«б< 8 > , 

w h e r e 

G ( 2 ) = - l — i e x p [ - ( ± ^ l 2 ] - e x p [ - - ^ i s I ] i > q ш ^ 
V W * a a 2 2 

3) F o r t h e d e u t e r o n - n u c l e u s s c a t t e r i n g in w h i c h 
t h r e e n u c l e o n s a r e k n o c k e d out we h a v e 

o f - б ? Ь + А « > > а + л ( £ ). 

1» 



IE Й R a + 1 0 b N 3 2E 3 ' 
d D 

A £ - V < W 8 )^ (3). ^ = 4 ( 1 - Р

2 ) Д ( 3 ! Д (

9

3

Е 1 [ | ( 1 + Р 2 ) + 

+ i-(l-8 P

8)]A< 8>. 

C = [ V + p 2 ) + f r ( 1 - 3 p 2 ) ] A ( 3 ) -
(3) 

o t h e r Л д a r e t a k e n to b e z e r o , . 

A(*> — 9 b 8 g , A ^ « - 8 b S 8 / 3 . A ( 8

Q l f - 6 b S 2 , S2 = l / (R^ + 3b) , 

л<3> 
o t h e r A p^ a r e t a k e n to b e z e r o , a n d t h e v a l u e s of 
Cji a r e g i v e n in t a b l e 2. 

T h e func t ions G p h a v e t h e form: 
G<»L - k - l _ exp( - J i - £ j l ill*) x 

' ао>рГр З а Ы|, ^ 

х / / ж ехр ( - *&=П - 4 l - l i i i J r J L l . ) х 

00 а w f rP 

w h e r e ы^ = « + £(> , г |?=а + £p a n d the v a l u e s of P( , )'( . 
£( a n d £Q a r e g i v e n in t a b l e 2 w h e r e t he d e 
fini t ions a r e a s fo l lows: 

fij-l/b. z=*l + p 2 , u » l - p s , H = b q 2 . 

If t h r e e n u c l e o n s k n o c k e d out from the t a r g e t n u c l e u s 
3 ч 

form t h e b o u n d s y s t e m , s u c h a s H or He, t h e 

func t ions Gk ' a r e r e p l a c e d b y the func t ions 

(l-x< 8 > ) 0 f +x< 8 ) Q< 8 >. 
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Table 2 

E x p r e s s i o n s for Cg , £p , Ур , Cp and Cp 

I h ft h *e 
1 (S f 3 / 4N ,«^)exp<H/« ) 0 1/24 *1 3*1 

г 8 0 1/6 *'% 3 * t 

3 ( l / 4 U X J e * p ( H / 4 ) 0 1/24 ft/l 3 * i / i 

4 ( 2 / 5 ) / Х в ж р ( 9 Н / ч о ; 0 1/600 Si S*i/ST 

5 ( 1 / 3 ) л г г е х р ( Н / б ) 0 1/6 St *1 

6 ( 2 / 3 ) Л 1 ! ехрСН/*н) 0 1/24 it *l 

7 (1 /24)А"1 г ехрС7Н/»Ч) 0 1/24 l * i * l 
8 (8 /105) A l l 1 e x p ( 4 H / J 5 ) 0 2/75 8*1 Л 3*1 /Г 

9 - ( 4 / 3 ) Л е х р С З Н / < * ) 0 1/24 a ' t / s <*1 
10 - 4 A e x p ( 3 H / J i ) 0 1/24 *i 6*1 

11 - 2 Л«хр(Н/С) 0 1/24 *« 6 * t 

12 -4 > e x p ( H / j i ) 1/32 1/24 * i 6*1 

13 (16 /15) А хи.ехр(Н/У} 1/200 1/24 I *£, /<* 6 j*t 

14 ( 2 / 3 ) A l t i e * p ( H / t ) 0 1/24 4St/i * * 1 

15 ( 8 / 1 5 ) л г 1 « х р ( Н / 5 - ) 0 8/75 tSt/3 bSi/S 
16 ( 1 6 / 1 5 ) / i e x p C t H / i f ) 1/72 1/600 * i / i iSi/S 

17 - ( 4 / 1 1 ) * 5 * е х р ( Н / ч ) 1/8 0 Si *1 

18 -(4/25)>'гехр(н/ч) 0 1/600 4 * l / f <* , / f 
19 -(4/9) л'г ехр(5-н/1ч) 1/18 1/24 4*1/J * i 

. - ( 2 / 9 ) - * ' * e x p ( H / t ) 0 1/96 4St/i *1 



w h e r e 2 2 

aw-vJLfi^t-^ i-r i -SSin. *,-v^ 
In t h e a b o v e - men t ioned fo rmulas t h e ef fec t ive 

n u m b e r s N n , N 2 a n d flf3 a r e u s e d w h i c h a r e e x 
p r e s s e d a s fo l lows : 

N =— J e x p { - 2 a T ( s ) ! [ 2 < T T ( s ) ] n s d s , 
" an! о 

N 2 - 3

2 L 7 | 3 :

1 < s > | 2 s d s ' N - — /3F ( s ) 3 :

2 ( s ) s d s , 
2a о x "* 6a о 

w h e r e 

• V s > ° A / " « P i - 2 ( s 8

g

+ S , - ^ I 0 ( - ^ ) e x p i - g T ( s ' ) i ^ 
R b ° R b b 

x [ 2 a T ( s ' ) ] k s ' d s ' , R 2

K - i - R ^ + 2 b , 
b 2 u 

a n d t h e t h i c k n e s s funct ion of t he n u c l e u s T(s ) f s 

def ined b y 
T ( s ) « f p ( V s 2 + z 2 ) d z . 

— OQ 

T h e n u c l e a r d e n s i t y d i s t r i b u t i o n p ( r ) i s t a k e n in 
t h e W o o d s - S a x o n form: 

p ( r ) * i " + e x p t ( r - S y d T 

with t h e p a r a m e t e r s с a n d d g i v e n in t a b l e 3 . 

T a b l e 3 

V a l u e s of t h e p a r a m e t e r s с a n d d u s e d in 
t h e c a l c u l a t i o n s 

N u c l e u s С А1 Bi 

c, fm 2 .214 3 .08 6 . 4 1 
d, fm 0 . 4 8 8 0 . 5 6 3 0 .637 
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