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Лжгирой Л . С , и ар. Е1-11206 
Структура высокоимпульсных частей спектров дейтронов от 
d - d соударений при 4,3; 6,3 и 8,9 ГэВ/с 

Представлены экспериментальные данные о d-d соударениях при 4,3; 
6,3 и 8,9 ГэВ/с,обнаруживающие двухпиковую структуру в высокоимпульсных 
частях спектров вторичных дейтронов при передачах импульса 0,4«-0,8 
(ГэВ/с ) 2 , Результаты анализируются в рамках мопелл многократного 
нуклон-нуклонного рассеяния. Делаются заключения о механизме упругого 
и квазиупругого d-d рассеяния в области указанных передач импульса. 
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The experimental data on d-d collisions at 4.3, 6.3 and 8,9 
GeV/c exhibiting the two-peak structure in the high-momentum parts 
of the secondary deuteron spectra at momentum transfers 
Itl - 0.4 * 0.8 (GeV/c) are presented. An analysis oi the results 
in terms of the multiple nucleon-nucleon scattering model is perfor
med. Some conclusions about the mechanism of the elastic and 
quasi-elastic d-d scattering at the above-mentioned momentum 
transfers are made. 
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T h e experimental and theoret ical investigations 
performed in the last y e a r s have shown that the 
multiple sca t ter ing m o d e l / 1 , 2 , / h a s been success fu l 
in descr ib ing the scat ter ing of relativistic h a d r o n s „ 
on nuclei a t four-momentum t ransfers |t | < 1.5 (GeV/c), 
Prom the point of view of a poss ib le general izat ion 
of this model to the c a s e of the interaction of 
complex composite sys tems, the investigations of 
deuteron-deuteron and deute ron-nuc leus coll is ions a r e 
of g rea t interest . In this c a s e s u c h kinds of 
multiple N-N sca t te r ing can take p lace that a r e , in 
principle, impossible in nucleon-nucleus coll is ions, 
and that a r e due to the simultaneous interaction of 
s e v e r a l nuc leons of a n incident nuc leus with the 
nuc leons of a target n u c l e u s / 3 / . 

It h a s been previously reported / 4 / that in the 
momentum spectrum of deu te rons emitted at a n ang le 
of 103 mrad in the p r o c e s s 

d + d -»d + X /-л 

at 6.3 GeV/c, two distinct p e a k s a r e observed , which 
c a n be interpreted a s a n exhibition of the multiple 
N-N scat ter ing effect. In this pape r we p resen t the 
resu l t s of measurements of high-momentum par ts of 
s e c o n d a r y deuteron spec t ra from d-d coll is ions at 
4.3, 6.3 and 8.9 GeV/c a s well a s the resu l t s of a n 
ana ly s i s of these ' spec t ra in terms of t h e multiple 
scat ter ing model. 

T h e experimental data were obtained during the 
c o u r s e of a s e r i e s of measurements of nuclear in-
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t e rac t ions of relativistic deu te rons a t the JINR s y n 
chrophasot ron . T h e s e c o n d a r y deu te rons emitted in 
react ion (l) were detected a t a fixed angle of 103 
mrad by means of a n one-arm magnetic spec t rome
ter with wire spa rk chambers on-line with a compu
ter. T h e detai ls of the spectrometer and the exper i 
mental technique have been outlined in previous 
publications 4 - 6 . T h e poss ib le systematic e r ro r 
of the measured differential c r o s s sec t ions 
d 2 <r/dQdp is estimated to be +.20%. 

T h e high-momentum par t s of the deuteron spec t r a 
from react ion (l) for th ree va lue s of incident deu te 
ron momenta a r e shown in fig. 1. The investigated 
reg ions of momentum l o s s e s co r respond to the e l a s 
tic and quas i -e las t ic (with the target deuteron b reak 
up) d - d sca t te r ings . In the c a s e of 4,3 GeV/c d e u t e 
ron scat ter ing there is a peak s e e n in the s p e c 
trum with a bump visible on the r igh t -hand s ide 
of it showing that there is ano ther weak peak, the 
position of which c o r r e s p o n d s to approximately a 
twice smaller incident deuteron momentum l o s s than 
for the first peak. A t 6.3 and 8.9 GeV/c both of 
the p e a k s a r e well s epa ra t ed and become compa
red in heights . In all the spec t r a the posit ions of 
the left-hand p e a k s cor respond kinematically to the 
deuteron scat ter ing on nucleons , and the posit ions 
of the right-hand p e a k s co r respond to the e las t ic 
de.uteron scat ter ing on deu te rons . 

T h e obtained data were ana ly sed in the framework 
of the Glauber multiple scat ter ing model. Without 
going into detai ls of the calculat ions which will be 
p resen ted e l s ewhere we note only the most e s s e n 
tial points that differ the p re sen t calculat ions from 
that of the proton spec t r a from the react ion 

!P + d - p + X , ( 2 ) 
which was investigated a t the incident proton momen
ta of about 20 GeV/c " - " / 

1. Fi rs t of all the amplitude of react ion (l) is 
more complicated. It includes the terms c o r r e s p o n d -
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P i g . 1 . Momentum spec t r a of deu te rons detected at a laboratory angle of 

103 mrad in d-d coll isions at 4.3, G.3 and 8.9 GeV/c. C u r v e s 1,2 and 3 a r e 
the var ian t s of the calculat ions based on the multiple scat ter ing model with the 
input parameters given in table 1. T h e d a s h e d c u r v e s show the calculated 
contributions from the quas i -e las t ic deuteron scat ter ing to the p e a k s cor respond
ing kinematically to the elast ic d-d sca t ter ing . The solid c u r v e s without figures 
a r e the e las t ic d -p scat ter ing p e a k s multiplied by a factor 0.3; t h e s e c h a r a c t e 
r ize the spectrometer resolution. 



ing to the N-N scattering processes of various mul
tiplicities that are schematically represented in fig.2. 
Various kinds of multiple N-N collisions lead to the 
deuteron momentum loss distributions which have 
the maxima at different momentum loss values. The 
scattering of one (fig. 2a) or both incident nucleons 
(fig. 2b) on one of the deuteron nucleons leads to 
the momentum loss A=(P0 0)2/(2m) t where p 0 is the 
incident deuteron momentum, В is a scattering angle, 
and m is a nucleon mass. The successive scatter
ing of one of the incident nucleons on both target 
nucleons (fig. 2c), or the simultaneous scattering of 
both incident nucleons each on one of two target 
nucleons (fig.2d), a s well a s the quadruple N-N 
scattering (fig.2g) lead to the loss of about A/2 : 
the triple N-N scatterings (figs. 2e and f ) give 
l ise to momentum losses distributed smoothly around 
the value of about 5Д/8 . Therefore, the parts of 
spectra corresponding kinematically to the elastic 
d-d scattering (deuteron momentum losses of about 
A/2 ) can be contributed, in addition to the elastic 
scattering, by the quasi-elastic scattering due to the 
double and quadruple N-N collisions. A s it follows 
from the calculations, at the momentum transfers 
greater than about 1.2 (GeV/c) 8 the three-peak struc
ture of the high-momentum parts of the deuteron 
spectra in reaction (l) must exhibit. The destructive 
character of the interference of the terms in the re 
action amplitude, which correspond to the even and 
odd multiplicities of N-N collisions, helps to sepa
rate the peaks. 

2, Because of the sensitivity of the shape of 
the quasi-elastic scattered deuteron spectra to the 
momentum distribution of nucleons in the target deu
teron, a more precise parametrization of the deute
ron wave function was required. In the present cal
culations a two-Gaussian parametrization of the 
deuteron wave function in the momentum space was 
used; 

¥(p)« N[3exp(- a i p 2 ) + exp(-a 2 P 2 )L 
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P i g . 2 . Schematic representation of the multiple 
nucleon-nucleon scattering p r o c e s s e s resulting in 
the quasi-elastic &-& scattering (in which the target 
deuteron is disintegrated). Graph a) represents 
single, graphs b), c) and d) - double, graphs e) 
and f) - triple, and graph g) - quadruple N-N scat
terings. 

О / О О 

where N «9.80 (GeV/c) , a t - 4 5 0 (GeV/c) , 
o 2 . 50 (GeV/c)* 2 . The function V(p) coincides 

with the Gartenhaus-Moravcsik Ш f u n c t i o n / l s / and 
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with a five-Gaussian representation of the Reid 
soft-core wave function / I 3 / within 15% u p to P - ^ 0 . 2 5 
G e V / c . T h e u s e of the simplified o n e - G a u s s i a n a p 
p r o x i m a t i o n of t h e d e u t e r o n w a v e f u n c t i o n ' s / d id not 
pe rmi t t h e c o r r e c t r a t i o b e t w e e n t h e y i e l d s of t h e 
q u a s i - e l a s t i c a n d e l a s t i c s c a t t e r e d d e u t e r o n s t o b e 
o b t a i n e d . 

3 . It fo l lows from t h e c a l c u l a t i o n s , t ha t t h e main 
c o n t r i b u t i o n to t h e p e a k a t t he d e u t e r o n momentum 
l o s s of A/3 in r e a c t i o n ( l ) , u n l i k e r e a c t i o n (2), i s 
m a d e no t b y t h e q u a s i - e l a s t i c but e l a s t i c d-d s c a t t e r 
ing . T h e r e f o r e t h e n e g l e c t of t h e f i na l - s t a t e i n t e r a c 
t ion in t h e n—p s y s t e m a n d t h e u s e of t h e p l a n e -
w a v e a p p r o x i m a t i o n to d e s c r i b e it a r e unjus t i f ied . 
T h e i n t e r a c t i o n in t h e n - p s y s t e m r e s u l t i n g from 
t h e d e u t e r o n d i s i n t e g r a t i o n w a s t a k e n in to a c c o u n t 
b y m e a n s of t h e r e p l a c e m e n t of tho p l a n e w a v e s 
with t h e modified p l a n e w a v e s wh ich a r e o r t h o g o 
na l t o t h e w a v e funct ion of t h e d e u t e r o n g r o u n d 
s t a t e / 1 4 / . 

In t h e c a l c u l a t i o n s tho e l a s t i c N-N s c a t t e r i n g 
a m p l i t u d e h a s b e e n t a k e n in the form 

f(t) = J b £ - ( i f a ) e x p ( l _ b t ) . 
An 2 

w h e r e к i s a w a v e n u m b e r of t h e i n c i d e n t n u c l e o n , 
t i s a four -momentum t r a n s f e r s q u a r e d , « = 
= Ref(0)/Imf(0) , d i s я tota l N-N c r o s s s e c t i o n , 
a n d b i s a s l o p e p a r a m e t e r for t h e di f ferent ia l c r o s s 
s e c t i o n of t h e e l a s t i c N-N s c a t t e r i n g . T h e v a i u e s 
of t h e p a r a m e t e r s a , « a n d b for t h e a p p r o p r i a t e 
v a l u e s of the inc iden t n u c l e o n momenta h a v e b e e n 
t a k e n from t h e compi l a t i on of N-N i n t e r a c t i o n d a 
ta / 1 5 ' ' . A s t h e s l o p e p a r a m e t e r s b in t h e momentum 
in t e rva l from 2 to f> GeV/c a r e k n o w n on ly with a n 
a c c u r a c y of 10 + 1.5%, a n d in o r d e r t o c h e c k t h e 
s e n s i t i v i t y of t h e c a l c u l a t i o n r e s u l t s to the u s e d 
v a l u e s of t h e p a r a m e t e r s , s e v e r a l v a r i a n t s of t h e 
c a l c u l a t i o n s with different a a n d b v a l u e s w e r e . 
pe r fo rmed . T h e s e v a l u e s a r e g i v e n in t a b l e 1, a n d 
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T a b l e 1 

T h e v a l u e s of t h e p a r a m e t e r s of t h e e l a s t i c N - N 
s c a t t e r i n g a m p l i t u d e u s e d in different v a r i a n t s of t h e 

c a l c u l a t i o n s 

GeV/c 
a, 

mb 
a b, 

(GeV/с ) - 2 

Variant of 
calculat. 

4 . 3 45 .0 - 0 . 3 5 5.9 1 

6 .3 4 3 . 5 - 0 . 4 3 7.2 1 

4 3 . 5 - 0 . 4 3 5.7 2 

4 3 . 5 0 5.7 3 

8.9 4 2 . 4 - 0 . 4 3 7 .3 1 

4 2 . 4 - 0 . 4 3 6 .3 2 

42 .4 0 6.3 3 

t h e c a l c u l a t i o n r e s u l t s a r e s h o w n in f i g . l . It i s s e e n , 
t h a t t h e u s e d m o d e l h a s b e e n s u c c e s s f u l in t h e 
q u a l i t a t i v e d e s c r i b i n g of t h e main f e a t u r e s of t h e 
m e a s u r e d momentum d i s t r i b u t i o n s . K e e p i n g in mind 
t h e u n c e r t a i n t y in t h e v a l u e s of t h e input p a r a m e 
t e r s t o w h i c h t h e c a l c u l a t i o n r e s u l t s a r e r a t h e r 
s e n s i t i v e a n d a l s o t h e a p p r o x i m a t i o n s of t h e u s e d 
mode l , t h e q u a n t i t a t i v e a g r e e m e n t of s o m e c a l c u l a 
t ion v a r i a n t s with t h e e x p e r i m e n t a l d a t a s h o u l d no t 
b e o v e r e s t i m a t e d . T h e o b t a i n e d r e s u l t s m a y b e r e 
g a r d e d a s a n i n d i c a t i o n t ha t in c a s e of u s i n g a 
suf f ic ien t ly a c c u r a t e v e r s i o n of t h e multiple s c a t t e r 
i ng mode l it i s p o s s i b l e t o o b t a i n t h e informat ion 
a b o u t t h e r a t i o of r e a l a n d i m a g i n a r y p a r t s of t h e 
e l a s t i c N - N s c a t t e r i n g amp l i t ude ou t of t h e r e g i o n 
of t h e C o u l o m b - n u c l e a r i n t e r f e r e n c e from t h e d - d 
c o l l i s i o n d a t a . 
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F i g . S . Differential cross section for the elastic 
d-d scattering at a laboratory angle of 103 mrad. 

The crosses show the results from r e f . / l 6 / , and 
the open cirles show the data from the present ex
periment. The solid curves are the results of the 
calculation in terms of multiple scattering mode l / 1 7 / , 
the shaded area reflects the uncertainties in the 
experimental values of the slope parameters in the 
elastic N-N scattering amplitude. 

By means of subtracting the contributions of the 
quasi-elastic scattering corresponding to the calcu-
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lation var ian ts chat d e s c r i b e the experimental da ta 
in the b e s t way from the measured deuteron distr i
butions, the va lues of the differential c r o s s sec t ions 
for the elast ic d-d scat ter ing at an angle of 103 
mrad were determined for the incident deuteron mo
menta of 4.3, 6.3 a n d 8.9 G-eV/c. T h e s e v a l u e s a r e 
given in t a b l e 2. 

F i g . 3 s h o w s the differential c r o s s sec t ions for 
the elast ic d -d scat ter ing at an angle of 103 mrad 
plotted in terms of | t | , the s q u a r e of the four-mo
mentum transfer. In addition to the data obtained 
in the p resen t work the data from r e f . ' 1 6 / a r e shown 
a s well. The theoretical calculat ions of this d e p e n 
d e n c e were carr ied out in terms of the Glauber mo
del taking into account the quadrupole deformation 
of a deuteron 7 . The shown corridor of e r ro r s 
reflects the uncer ta int ies in the experimental va lues 
of the s lope parameters of the e las t ic N-N scat ter ing 
amplitudes 1 5 . 

T o conclude we underline that the revealed s t ruc 
ture of the high-momentum par ts of the spec t r a of 
the elast ic and quas i -e las t i c sca t tered deu te rons is 
a new object to check the predictions of the multiple 
scat ter ing model, which without any additional a s s u m p 
tions r ep roduces qualitatively the main features of 
the measured deuteron distributions. T h e obtained 

T a b l e 2 
T h e differential c r o s s s e c t i o n s for the elast ic and 
quas i -e las t ic (with the target deuteron break-up) d -d 
sca t te r ings at a laboratory angle of 103 mrad, in mb/sr 

0 ' ( d g ) ( d g ) (d<7\ 
GeV/c dQ el dfi quasiel k dfi summed 
4 .3 
6.3 
8.9 

1 .4+0.3 
2.2+_0.1 
1.1+0.1 

19 .3+0 .5 
4.5+ 0.3 
4 . 4 + 0 . 3 

20 .7 + 0 .5 
б .^+р .З 
5.Г>+_0.3 
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resul ts permit certain conclus ions to be made about 
the mechanism of the elast ic deuteron scat ter ing in 
the range of momentum transfers 14 - 0.3 ^ l,o(GeV/c). 
This sca t t e r ing occur s , in the main, by means of 
s u c h double sca t ter ings when in simultaneous colli
s ions both the nucleons of the incident deuteron 
sca t te r e a c h on one of the two t<-rget nuc leons 
(figrae$. S u c h a mechan^rm of the e las t i c d-d s c a t 
tering allows rather great momenvum t ransfers to 
both the deuteron nucleons a t their small relative 
momentum. 
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