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I. Reactions with relativistic deuterons, in which the deuteron 
is not destroyed, are of interest due to the possibility of elicit
ting some features of the deuteron structure and the mechanism of 
its inelasiic interaction, when momentum transfers are large in com
parison with the momentum of the intranucleus Fermi motion of nuc
leons. In particular, such features can be due to multiquark state 
admixtures in nuclei and nucleon excitations 11 • 21. 

The deuteron appears to lose, with a significant probability, a 
large fraction of its kinetic energy without destruction despite a 
small binding energy of the deuteron,Our detailed measurements of 
the inelastic a(C~reaction show that a fast decrease of the cross 
section at relatively small 4-momentum transfers /t/~ 0.2 GeV2/c2 is 
replaced by a "plateau" when passing to the region 0.2:f;/f/;f;2.5GeV2/c~ 

section 2 contains a short review of the experimental procedure 
and data processing and tables of the obtained invariant cross sec
tions of the inclusive ~l'~allrreaction depending on the longitudi-
nal momentum lost by the deuteron, scattered with a zero mean trans
versal momentum. In section 3 the results are compared with the data 
from refs./5,G/ obtained under conditions similar to those of ours. 
The comparison is made in terms of t-variable. 

II. Experimental procedure and data processing. 
The experiment was performed on a 8.9 GeV/c deuteron beam extrac

ted from the Dubna synchrophasotron during a time of (0.3+0.5) sec. 
The setup (fig.1) worked on-line with an EC-1010 computer. A detailed 
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Fig.1. The experimental layout on the slowly extracted beam of the 
Dubna synchrophasotron. A,Ki,Si,Ti-scintillation counters, ~ 1 .~2-
threshold Cherenkov counters, PC-proportional chambers, T-carbon 
target (JOx140x21 mml;, MQ-bending magnet, M1-analyzing magnet. The 
particle deflection takes place in an 'XL plane. 
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description of the setup and the features of the experiment are pre
sented in ref./3/. 

A carbon target was ins.talled in a vacuum pipe of the slowly ex
tracted beam channel. The particles emitted at forward angles ( 19~ 
0.4°) were bent by an MO magnet to the setup axis. (The deflection 

angle was 150 mrad relative to the deuteron beam axis). 
When measuring the momentum spectrum of the deuterons, the mean 

momentum of the particles directed to the setup axis was changed 
with a step of 0.02 Pd by appropriate changing of the MO magnetic 
field. To ensure the constancy of the relative momentum acceptance 
of the setup, the M1 field was changed in proportion to the MO field 
so that the particles, moving along the setup axis bit the centre 2 • 
of the s 4 counter (200x350 mm ). Values of the magnetic fields were 
measured with a 0.1% accuracy using Hall probes. 

The primary beam intensity was varied between 5•108~2•101° par
ticles /burst to ensure detector rates at a level of (0.5~1.0)•106 
particles/sec. 

To measure the deuterOn flux captured by the target, scintilla
tion telescopes T1,T2 were used. The total deuteron beam intensity 
was monitored by a telescope T3. On-line monitoring of the extracted 
beam parameters was provided by information exchange between the set
up computer and a computer, which controls the accelerator performan
ce. 

Data were taken under three different trigger conditione TR1,TR2, 
TR3. The main mode w:s ~R1·S1AS~Sj's4 • Using the information taken 
with trigger TR2.TR1A c1A c2 , the proton contamination of the secondary 
beam was determined. The threshold Cherenkov counters were tuned for 
the detection.of protons with a momentum of~5 GeV/c. The TR3• 
•K1AK2AK3ASo4A trigger was used to check detector efficiencies. 

To take the spectrometer efficiency into account correctly under 
possible variations of the experimental situation, the triggers were 
switched under computer control with a period of 10 cycles of accele
ration. 

Data processing was made by analogy to the procedure used when 
processing our data on d~p fragmentation (see ref./4/). Events were 
accepted when 
1) interaction point coordinates (measured with an accuracy of ;t10mm 

in a plane perpeodicular to the primary beam axis) were with
in target boundaries; 

2) values of momentum and emission angle of the detected particle did 
not exceed acceptance boundaries. 
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These boundaries were fixed so that the corrections for geometri
cal efficiency near the boundaries did not exceed a value of 30%. Un
der these conditions the momentum acceptance interval was p0 (1i0.06 ~ 
where Po is the momentum of a particle moving alongside the setup 
axis. The emission angles accepted by the setup were located in the 
region I a~ I~ 2 mrad, I{}~ - Bo I=. 2 mrad. The eD value was momen
tum-dependent and varied between (-7;7) mrad for the above momentum 
region. The momentum resolution of the setup was G'pjp ~ 0.4%. 

The inclusive differential cross section of deuteron-carbon scat
tering was determined using information taken under TR1 conditions. 
In this region protons from d-<>p fragmentation were also detected 
with momenta being less than a maximum kinematically allowed momen
tum of 8.1 GeV/c. The invariant cross section for such protons had 
b /4/ een measured by us and was taken into account when obtaining 
the cross sections for the deuteron yield. The experimental backgro
und did not exceed 10% in the whole measurement region. The data nor
malization factor was determined in our paper I 4 I w1 th an accuracy 
of 10%. Therefore the data were not corrected for multiple nuclear 
scattering in the target, which did not exceed 6~. 

III. Results and discussion. 
The obtained data are presented in Table 1 and fig.2. 

Table 1 
The invariant cross sections for inelastic deuteron-carbon scattering 

at deuteron momentum p d .8.9 GeV/c 

N P/Pd /t/ cross N P/Pd /t/ cross 
Gev2/c2 section, Gev2/c2 section, 

m~·GeV mb•GeV 
sr• (GeV7cP sr• 'GeV,&l) 

0,.1050 0.408 19.7;t6.4 14 0.7875 0.191 14.9;t2.6 
2 0.7150 0.376 8.6;t6.1 15 0.7925 0.181 18.1;t2.8 
3 0.7250 0.345 3.4.:!;4.2 16 0.7975 0.171 17.9;t2.5 
4 0.7350 0.316 8.4j;4.3 17 0.8025 0.162 18.1j;2.6 
5 0.7425 0.296 16.4;t5 .2 18 0.8075 0.153 22 .8j;2 .9 
6 0.7475 0.283 17.4;t4.2 19 0.8125 0.144 22.7j;2.9 
7 0.7525 0.270 14. 2;t3.5 20 0.8175 0.136 24.5;t2.6 
8 0.7575 0.258 15.2;t3.0 21 0.8225 0.128 31 .5.;t) .2 
9 0.7625 0.246 14.0;t2.8 22 0.8275 0.120 4) .5j;4.) 

10 0.7675 0.234 13.8j;2.8 23 0.8325 0.112 37.2;t4.0 
11 0.7725 0.223 14.5;t2. 9 24 0.8375 0.105 )).2;t).8 
12 0.7775 0.212 1).7.;t2.4 25 0.8425 0.098 39.0;t4.0 
13 0.7825 0.201 18.1j;2.) 
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2 3 4 

26 0.8475 0.092 66.5±6.1 
27 0.8525 0.085 64.7±6.0 
28 0.8575 0.079 71.J±6.1 
29 0.8625 0.073 89.2±7.4 
30 0.8675 0.068 127±10 
31 0.8725 0.062 117±10 
32 0.8775 0.057 129± 8 
33 0.8825 0.052 145± 9 
34 0.8875 0.048 151±10 
35 0.8925 0.043 183±13 
36 0.89?5 0.039 219± 13 
37 o. 9025 0.035 192±12 

5 6 

38 0.9075 
39 0.9125 
40 0.9175 
41 0.9225 
42 0.9275 
43 0.9325 
44 0.9375 
45 0.9425 
46 0.9475 
47 0.9525 
48 0.9575 
49 0.9625 

7 

o.o32 
0.028 
0.025 
0.022 
0.019 
0.016 
0.014 
0.012 
0.010 
0.008 
0.006 
0.005 

8 

242±14 
256±16 
259±16 
270±17 
388±J2 
441±33 
544±37 
417±34 
456±42 
709±68 
734±69 
766±71 

The quoted uncertainties are statistical in nature. The shape of the 
spectrum for P/Pd 0.96 is also presented in fig.2. The data1 obtained 
in this region, are excluded from Table 1 and will not be discussed 
below because in this region the spectrum shape represents, in fact, 
the momentum resolution function of the apparatus. 

In fig.2 one can see a fast decrease of the deuteron yield with 
growing the lose of the longitudinal momentum in an interval of 0.7! 
P/Pdi0.96, after which the rate• of decreasing th~ yield falls Quick-
1 y- T+ i ~ ;:::::::!.!;!.:. ~~ ... i. i.i1ere are some evidences for an irregular 
behaviour of the measured erose sections for p/pd-0.83 and P/p~.94. 

The obtained data can be compared with results of other experi
ments. In the paper of Papp et al./5/ data are presented on the deu
teron momentum spectrum for the reaction e/C __.,JX measured at momenta 
of 3.5 GeV/c and 5.8 GeV/c. The observation angle was 43.6 mrad in 
this experiment. From fig.3 one can see that the results of both ex
periments are in accordance. 

The experiment of L.S.Azhgirey et al./ 6/ has been performed at 
deuteron momenta of 4.3 GeV/c, 6.3 GeV/c and 8.9 GeV/c with an obser
vation angle of 103 mrad. The minimal t -value was about 0.2 Gev2/c2 

for the 4.3 GeV/c deuteron beam. The authors of ref./6/ have presen
ted the differential erose sections integrated over detected deute
ron momenta in intervals of (3.44•4.05)GeV/c for the 4.3 GeV/c beam, 
(5.0~5.9)GeV/c and (2.6~3.6)GeV/c for the 6.3 GeV/c beam and (6.62• 
•8.21)GeV/c for the 8.9 GeV/c beam. From the data we estimated the 
invariant erose sections: -' 

£ t:fz.(j ~ r '~ "c-
? JJ}Jf2. - p: Ll J 52. ' 

where p ib the mean momentum of the detected deuterons for the momen-
tum intervals quoted above, A is the width of these intervals, E • 
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Fig.2. The invariant 
cross section of inelas
tic deuteron-carbon in
teractions depending on 
the part (P/Pd) of the 
initial momentum Pd • 
•8.9 GeV/c, carried by 
the detected deuteron 
emitted in the forward 
direction. 

-2 2)1/2 •(p +MJ , and Md is the deuteron mass. The estimated invariant 
erose sections and t-values, corresponding to the above momentum in4 
tervals, are presented in Table 2 and shown in part in fig.2. 

Table 2. 

beam momentum interval of detec- mean value of /t/ invariant cross 
(ref / 61) ted deuteron momen- (GeV/c) 2 eection/61, 

(GeV/c) tum (GeV/c) mb•GeV 
sr• (GeVtc)3 

4.3 3.44-4.05 0.226 1 0.5±1 
6.3 5.0-5.9 0.431 2.1±0.5 

2.6-3.6 1.74 3.9±0.9 
8.9 6.62-8.21 0.81 1.4±0.2 

The uncertainties, quoted in Table 2, include the values of eys
tematioal and statistical errors given in ref./&/. 



' 
f lhtl ••l»"u'flllnt 

o Popp et ot. 15 G.vjc. 

1 Popp II Ol , 58 GeV/c 

+Azhgtrey•tol 63~/c 

+Azhgtrly IIOl, 4]GeV/e 

~~~~~~~~~JI~~~~~~~~~~~~I 
aos 0.10 01s 020 a 25 OJO oJs 040 111 IGeV/cl2 

Pig.3. The invariant cross section of inelastic deuteron
-carbon scattering, when the detected deuteron is 
emitted in the forward direction, depending on the 
4-momentum transfer squared, t. 

This comparison shows that the results of our experiment are in 
accordance with the data of refs./5, 61. Taking together the data pre
viously existed /5, 6/ and obtained by us, one can conclude that in 
the region of /tJ from 0.:? a .. v'2t,'l "!' +n !t! ·-· 2.5 ~:'.,2,'::. 2 t!4.> ., ... voa 

section falls off considerably more slowly, when growing /tJ, than 
in the region of lti~0.2 Gev2/c2• 
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A6neea B.r. H AP· 
Heynpyroe pacceHHHe AeHTpoHoB Ha yrnepoAe 
npH HMnynbce 8,9 r3B/c 

El-82-517 

C UOMO~biO MarHHTHOrO cneKTpOMeTpa 11Anb!lJa11 nOAp06HO H3MepeH 
HMnynbCHhlH cneKTp AeHTpOHOB, Heynpyro pacCeHHHhlX Ha yrnepOAHOH 
MHWeHH B HHTepaan yrnoB 0~ (} < 0,4 ° H noTepHBmHX B pe3ynbTaTe 
pacceHHHH AO 30% OT HaqanbHoro HMnynbca 8,9 r3B/c. 

Pa6oTa BbmOnHeHa B J1a6opaTopHH BbiCOKHX 3HeprHH OIDUi. 
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Ableev V.G. et al. El-82-517 
Inelastic Scattering of 8.9 GeV/c Deuterons on Carbon 

Using the magnetic spectrometer "Alpha", detailed measure
ments of the momentum spectrum of the deuterons, scattered 
inelastically on a carbon target in an angular interval of 
0~ (} < 0.4° , have been performed. After the scattering the 
deuterons lost up to 30% of an initial momentum of 8.9 GeV/c. 

The investigation has been performed at the Laboratory 
of High Energies, JINR. 
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