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·1. Introduction 

On irradiation of nuclei by high energy particles, along 

with mesons and nucleons a large flux of high energy secondary 

light nuclei 
2
H, 3H, 3He, 4He etc. is observed. The production 

mechanism of these compound fragments is not completely clear 

as yet. Both direct mechanisms and mechanisms based on the in­

teraction at the final state are widely discussed . For the de­

finition of contributions of various mechanisms, essential are 

investigations by means of various primary particles, e.g. high 

energy hadrons and electrons or t-quanta [1]. As for hadrons, 

the yield of light fragments is investigated good enough up to 

the primary energy 400 GeV [2]. A number of studies are carried 

out by means of primary relativistic heavy ions [3,4]. 

The photoproduction of fast light fragments from nuclei at 

high energies is investigated considerably worse. Relatively 

more data are available for the reaction 6'.A--dX in the re­

gion of 0-quanta energy up to 1.2 GeV. The first experimental 
...1 max data of the Cornell group on the reaction ( 0vi. ) at EK = 0.31 

~eV [5] were explained by the pickup mecnanism. In [6] at 
max 

E ~ = 0.4 - 0.72 GeV new results were obtained on deuteron 
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photoproduction ( -l1'ct = 57v) that were in a good agreement with 

. calculations based both on photomeson and pickup processes. 

Subsequent, more detailed investigations of the reaction ( ~d 
were carried out by the Kharkov group and were reported in [7-

12] • Their results satisfactorily agree with the photomeson 

model in the case of allowed kinematics of gj -meson production 

on a quasifree . deuteron [ 12]. For the forbidden kinematics au­

thors of [7-12] have attempted to explain the results obt~ined 
by the Batler-Pearson coalescence model [13] and came across 

significant discrepancies. As far as . we know, at present the 
max · 

reac tion ( a'd. ) in the region EI! 7 1. 2 GeV is inves t igated 

neither in the forbidden (cumulative) nor in the allowed kine­

·matics for the photoproduction on a quasifree de.uteron. Mean­

while, the mechanism of production of photodeuterons, in parti­

cular of cumulative ones, still remains undetermined. 

In the present paper experimental results.are given on the 

invest~.ation of photort~uteron yields from the nuclei 
12

c,
27

Al, 

63cu, 118sn 1¥1d 208Pb irradiated by bremsstrahlung ~-quanta 

of the maximum energy 4.5 GeV and at the deuteron detection an-
/_, . 

gle 30°- 120° . Preliminary r esults have been presented in [141· 

Results are compared to predictions of different versions of 

coalescence and Fickup models. 

2. Experimental' setup 

The data are obtained on the "Deuteron" setup [15] arrang-

ed on the beam r -3 of the Yerevan electron synchrotron. The 

se tup allows a simultaneous detection of gj -mesons, protons 

and deuterons by a magnetic spectrometer with the time- of-flight 

measurements. Momentum resolutions were tJ.P/ P = ± 7~0 % at 
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the solid angle A..Q.. = 1.26 msr. The time-of-flight has been 

measured in the interval 15 - 50 nsec with relative resolutions 

At';'~= ±5%. Such errors allow a reliable separation of ITT' -me­

sons, protons and deuterons. One of the spectra of measured 

time-of-flights at 0.98 GeV/c is presented in fig.1. Basing 

on the number of particles of the given type, proportionate to 

the area of appropriate maxima in fig.1, we have define.d the 

invariant yields 

p E d.2 6 _ N . L 
r=pr· dn.c:l.p - K .ASl·.A-p·Na-·Nn pZ. ( 1) 

where N~ is the number of equivalent ~-quanta· defined by 

the measu:rement of the beam power by a Gaussian quantometer, 

Nn- is the number of the target nuclei on beam's way. The coef­

ficient K takes into account the corrections determined by 

the nuclear absorption and multiple scattering in the target 

and detectors, pair-production by ~-quanta in the target, de­

cay offfi -mesons and the efficiency of particle detection by 

a spectrometer. 

Values of fd are plotted in table 1. Only statistical 

errors are shown. Systematical errors conditioned by the defi-

nition of values K, Nn, N~ 1 £'l.,i.'1.. 

estimates, do not exceed 20%. 

3. Experimental results 

in (1), according to our 

( 

The data plotted in table 1 allow analysis of the angular 

dependence of deuteron yields for the nuclei 12c, 27A1, 63cu, 
\ 

118
sn and 208Pb, the A-dependence for tTct = 30°, 60°, 90° and 

i20° as well as the energy spectra of deuterons for the nucleue 

'27 Al at trd = 50° and 90°. 
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Angular distributions of the invariant yield of deuterons 

from nuclei at Pd. = 0.98 GeV/c are shown in fig.2. For com­

parison we have presented simil!ll' proton distributions obtained 

at the same exposure from the nuclei 12c and 208Pb. As is seen, 

angular distributions of protons for the fixed target decrease 

with the increase in the angle more than in the case of deute­

rons. Besides, for light nuclei the yield of deuterons is a 

little larger than for heavy ones. 

In fig.J a number of A-dependences of photodeuteron yield 

are presented. Lines are drawn via experimental points by the 
I net. 

method of least squares by the relation ~d -.A • As is seen, 

such a representation satisfactorily describes experimental da­

ta. In fig.4 dependences of nd on the detection angle as 

well as values of np for proton yields of the same momenta 

from the same measurement series are shown. Dependences nd. ( iTct.) 

and np(1"p) are equal but absolute values of nc! exceed np by 

approximately 0.20. Similar comparisons for primary protons of 

energy 400 GeV from [2] show that An. ~ O.J. 

In fig.5 energy spectra of deuterons from the nucleus Al 

at the detection angles 90° and 50° are shown. Lines are drawn 

via experimental points by the method of least squares by the 

exponential law .Jd=Cc;1. ·exp(-Tc1/Tod.) at values of the parameter 

Toe! = 80±6.5 (50°) MeV and 52~2.6 (90°) MeV. 

4. Disouss~ 

The presented data testify to a close relation of deuteron 

and proton production processes (close angular dependences, si­

milar variations of nc1 and np depending on the detection 

angle, difference An=nc:L -np ~ 0.2 - O.J indicating that 

6 

.deuteron production may be related to the proton passage through 

the nucleus (AV3
)). It therefore, makes sense,as is commonly 

done, to dis~uas and compare with predictions of theoretical 

models not the values of deuteron yields but their ratio to 

analogous nucleon yields. 

In fig.6a angular dependences of the ratio of invariant 

deuteron and proton yields of similar momenta are presented. 

Most significant is the fact that at angles in the back hemi­

sphere and heavy nuclei the invariant deuteron yield exceeds 

that of protons. Thia apparently is a serious argument against 

the direct mechanism of cumulative deuteron production. Indeed, 

e.g. in the framework of the model of few-nucleon correlations . 

[16] as a direct mechanism would have served the triple corre­

lation splitting to a deuteron-spectator with a momentum direct~, 

ed backwards and to a third nucleon (with a forward momentum) 

with which the t-quantum has interacted. The excess of fd 
over fp would have meant that the probabiiity of triple and 

higher order correlations with a given one-particle momentum 

distribution of nucleons exceeds the same probability for double 

and highe~ order correlations which is absurd. Further discus­

sion and comparison will be made for mechanisms based o~ secon­

dary interactions, especially as the theoretical models avail­

able are developed for that case only. 

Comparison with the coalescence model. In the basis of 

this model lies the assumption that deuterons are produced due 

to coalescence in the nuclear medium of proton and neutron (of 

similar momenta) produced in the direct interaction of incident 

particles in a nucleus. It is natural that the probability of 

deuteron production is proportionate to the probabilit,Y of pro­

ton and neutron productions and the probabilitv of their coales-
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cence. This may be written as 

Jc1.(P)= 
Jp(P/2) Jn (P/2). C£c 

6't 
(2) 

where 6't is the total cross section of th& incident particle 

inelastic interaction with the target termed in (17] e"the <£c 

coalescence coefficient",fp, fn are the invariant cross sec­

tions of proton and neutron production, respectively. 

At present a number of approaches are developed in the 

coalescence model that give various dependences of Gee on ba-

sic parameters of the reaction. 

In their classical work [13] Batler and Pearson assume 

that coalescing nucleons are produced in a nuclear cascade, and 

the coalescence process proceeds in the nuclear medium with the 

residual nucle1~s as a third body. The coalescence coefficient 

C!ec is then a function of the deuteron momentum and mass num­

ber of the target nucleus but is independent of the deuteron 

de tection angle: 

BP (48gfmN c)2 

rec ::: 2 t1 a 
Uo :J( R) .A-

2
/
3 

Ea· Pel ""Ee!' Pf 
(3) 

where Uo is the module of the optical potential of the target 

nucleus C- mN • ec:t 
' - 2ST~ a 

; ec1. is the deuteron coupling energy. 

In the Frankfurt-Strikm8.n approach [ 16] which is the imp-

roved version of the Batler-Pearson model applied to the cumu­

lative particle production (and P.L = 0) 

FS .~ ) C(-trd) .A-V
3 

rec ::: ~c(u,u Pc!' .A ...., Ed. Pf (4) 

A-dependence and the emergence of the dependence on the angle 

1"c! is due to the fact that it is assumed in the model that 

coalescing nucleon pairs are produced not in all the volume of 
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the nucleus [13] but only in a tube with a xadius equal to that 

of the incident nucleon interaction. Sine~ the existence of the 

tube implies the existence of a distinguished direction in the 

nucleus, in this case, as is shown in [17], a kinematic factor 

emerges depending on the detection angle. It is obvious that 

for incident ~ -quanta the idea of the tube is groundless, 
FS 

therefore, for this case the dependence of aec on the angle 

should be lacking. 

In the phenomenological model of coalescence (Ph1C) [18] it 

is assumed that any proton-neutron pair in the nucleus, with a 

relative momentum of nucleus less than some value Po , produces 

a deuteron. The difference between (PMC) and (BP) model consists 

in the fact that in this case the effect of the nucleus on the 

coalescence coefficient is neglected and 

3 
PMC. 2fi .fl- it Po 

Gee =3· -t:-·Ed (5) 

i.e. it weakly depends on A. In (5) JI is the nucleon mass, 

c is the charge of the target-nucleus. 

In the thermodynamical model of coalescence (TMC) [19] it 

is assumed that coalescing nucleons are the product of the nuc­

lear fireball decay that occurs in the incident particle colli­

sion with the nucleus and decays after establishment of thermo­

dynamical equilibrium. In this model the expression for the 

coalescence coefficient reads: 

TMC 3 P( c )~ 
CEc ::::: 4gr ·;t Ciivo Vo·Ect (6) 

where fCei.,E•) is some function of the energy of basic ( Eo) and 

excited ( e~ ) states as well as of the fireball temperature 

(T
0
). 8.o, Cl.« T

0 
(T

0 
~ 50 MeV) is a good approximati;n (3) 
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and then f (c., e.)~ 1. In ( 6) Vo - is the fireball volume. As is 

seen, the coalescence coefficient, in accord with TMC, is inde­

pendent of parameters of the target-nucleus and detected deute­

ron (momentum, angle). The dist'inctive feature of TMC is the 

fact that the value rec measured in the experiment gives di-

rect information on the deuteron source dimensions. However, 

one may obtain such information in the case of PMC as wel,l by 

using the uncertai.nty relation, then one may obtain from (5>[20] 

PMC 
4 3 .Fl-l. gr 3 __ 1_ 

rec ::. gr -2.-. Vo Ed (7) 

which coincides wHh (6) at symmetric nuclei and differs by the 
.R-i 
~ for asymmetric nuclei. value 

The data obtained allow analysis of the coalescence coef­

ficient aec dependence on the parameters. tt , .R and pd and 

comparison with appropriate predictions of the above approaches •. 

In table II values of Gee are plotted. As 6't we have used in 

calculations (see(2)) averaged values of the total cross section 

by all the bremsstrahlung spectrum of primary 0 -quanla• Sta­

tistical errors are given only. We have· assumed tp = /n 
In fig. 6b angular dependences of rec are presented. A 

fairly strong dependence rec= rec (15'c:1.) is observed that contra­

dicts all the approaches of the coalescence model (remind that 

for (FS) the predicted ~ -dependence is not applicable for 

?rimary 1) -quanta). 

In fig. 7a dependences of rec . on the target ni;,cleus are pre­

sented. As is seen, fee is actually independent of A. If 

a"c rec.., JI ' the factor ( nc ~ 0.08±,0.26)' i.e. it contradicts 

approaches of (BP) and (FS) but is consistent with (TMC) approa-

ches and is close to PMC predictions. 
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In fig.Sa dependences of Cfc on Pc:1. at '8d, = 50° and 90° 

are presented. As is seen, cSec does not only fall but increa­

ses with deuteron momenta which contradicts the coalescence mo-

del. 

Let us define the dimensions of the deuteron emission 

source by predictions of (TMC) and (PMC) models. Values of ra­

dii obtained by (6) and (7) are plotted in table II. First, as 

is expected from (6) and (7), these radii depend on the detec­

tion angle which is not expected in the framework of these mo­

dels. Secondly, i n the range of angles 120° absolute values of 

R(independent of A) exceed radii of nuclei in the range of small 

A, which is impossible • 

Thus , it is difficult to~ explain the whole set of data on 
mQX 

deuteron photoproduction at E 't = 4. 5 GeV (see also 7-11 

by the coalescence model. 

Comparison with the pickup model. In this model it is as­

sumed that the nucleon produced in the interaction of the inci­

dent particle with the nucleus during ite motion within the nuc-

leus may come across an appropriate nucleon from the remaining 

nucleus and "pick it up" forming a deuteron. Conservation laws 

require that the energy of this moving in the nucleon nucleus 

be Tp = Tc1. + e +T.A-t , where e is the coupling energy of 

the nucleon in the nucleus. Since m 11_1 » md , then TA-f « Tc:t 

therefore, Tp:;:; Tc1. Te • As is done in [1s}, let us take the 

value e = 10 MeV. The probability of deuteron production is 

proportionate to that of nucleon production of the energy 

Tp:::: Tct + e as well as to the probability F(PN) of finding 

a nucleon in the nucleus with the momentum Pp"' Pp(Tp) and 

to the probability of "coalescing" of two such nucleons. The 
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coalescence coefficient, defined as (18] 

cep= f.x/Jp (8) 

will be proportionate to the momentum distribution of nucleons 

in the nucleus, i.e. it should decrease with the increase in 

the deuteron momentum, and to A13 (to the length of the nucleon 

path within the nucleus) but should be independent of the detec-

tion angle. 

Experimentally obtained values of C£p are plotted in 

table II. 

In fig. Ge angular dependences of tiep are plotted. A no-

ticeabl:e dependence of rep .on 1'd. is observed. 

In fig. 7b dependences of rep on A at pd = 0.98 GeV/c 
n . fi = 0.25 are presented. If C1Zp- .R , the value of the factor 

satisfactorily agrees with the model predictions. 

In fig.Sb dependences of <Jep on the momentum Pct for Al 

at {Jd = 50° and 90° are presented. It is seen that rep is 

actually independent of Pct , which contradicts predictions of 

the model. 

Thus, the obtained set of data on deuteron photoproduction 

contradict predictions of both coalescence and pickup models. 

Comparison wi~h hadronic data. Similar data for primary 

hadrons are analyzed in [11,20,21,22]. It is relevant to com­

pare our data with these results. 

Angular and energy distributions and A-dependence of deu-

terons produced in (if .A ) and ( h.fl ) processes are qualitatively 

similar. There is a possibility for a quantitative comparison 

of energy spectra and A-dependences. In fig.9 the slope para­

meters of deuteron spectra are presented in the representation 
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fci""exp(-BP:) from [21] with our points drawn at 90° and 50°. 

As is seen, within errors the results agree with each other. If 
nd 

we represent the A-dependence of deuteron yields as .A , we 

shall have for primary hadrons net ~ 1.5-1.8 (17], then, as is 

seen from fig.4, in photoprocesses nd ~ 1.2-1.5. A similar dif­

ference occurs for cumulative protons as well. 

The comparison of coalescence coefficents of the above mo-

- dels for two types of interactions is very important. In table 

III predictions of these models by various dependences and ex­

perimental observations for hadron and photon processes are 

plotted. Data of hadron processes are in a satisfactory agree­

ment with bot h coalescence model developed by Frankfurt and 

Strikman and the pi ckup model. As for photoproduction result•, 

it is impossible to completely describe them by any approach, 

but most close are TMC and FMC predictions. 

The comparison of absolute values of coalesnence coeffi­

cients obtained in hadron and photon processes are also verr 

important. 

In the case of the pickup model the coalescence coefficient 

is apparently independent of the type of the primary interaction 

and is determined by the behavior of secondary nucleons in the 

residual nucleus only. Therefore, it is expected by this model 

Ge~ = re~ • The comparison of our data with results of [17, 

21] shows that CE~ exceeds Ge~ approximately by a factor of 

interact within the nucleus once (and not J. Since 0 -quanta 
1/3 V - .A times, as is the case with hadrons), and cascades do 

-·-
not make a noticeable contribution, which is testified by the 

similarity of angular dependences Ge~ for light and heaviest 

nuclei (see fig.7) according to approaches of (BP) and (FS) co-
if h 

alescence models, Gee « <Ee is expected. Comparison of the 
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present data with those from L2,17,21] shows that a?~ 
deed 5-10 times as large as ~: 

is in-

Using explicit expressions (6) and (7) for coalescence 
. ~ 
qoefficients, one may estimate .dimensions of the ·regions R-Vo 
where deuterons are produced. In table II the obtained values 

TMC RPMC 
of radii of sources R and for (TMC) and (PMC), 

respectively, are presented. As is seen, R is independent of 

the target nucleus, i.e. the deuteron source has a local charac­

ter and by its absolute value is of the order of the carbon nuc­

leus dimensions. However, the dependence of R on the angle 

stays inexplicable. 

All the above mechanisms apparently contribute in the re­

sulting experimentally observ~d deuteron yield. However, compa­

rison of· experimental and theoretical depende!1ces of coales­

cence coefficients on various parameters (see table III) and 

absolute values ot re~ , reh < Rll' , Rh ) shows that in the 

case of primary hadrons the dominant contribution is apparently 

made by the coalescence mechanism by the Frankfurt-Strikman mo­

del. And in the case of primary ~-quanta the basic contribu­

t ion is apparently made by approaches of the type (TMC) and 

(PMC) or some oth:er unknown mechanism. 

Authors are indebted to Prof.A.Ts.Amatuni for his interest 

in the work, Prof.H.A.Vartapetian and Prof.S.G.Matinyan for dis-

cussions, J.V.Karumian and Zh.L.Kocharova for their help in da-

ta processing, ~ the staff of the YePI electron synchrotron 

for providing with a beam. 
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Table II. Coalescence coefficients tl!c (GeV2·c-3•sr), aep and 
radii of the region of deuteron emission from nuclei 
by (TMC) and (FMC). 

A ~ci Pd. . GeV/c rec· 10-3 Gep. 10-2 RTMC -13. RPMC. fO- 13 cm 
degree ) .10 cm 

30 0.98 5.41±0.31 4.1J±.0.18 2.77±0.09 2.77±0.12 
60 -"- 3.66±,0.71 3, 6J±.O. 53 3.10±0.16 3.10±_0.16 

12c 90 -"- 1.68±0.30 1.78±,0.16 4.0 ±.0.23 4.0 ±0.23 
120 -"- 1.81;t0.34' 1. 95±0.25 3.91±0.20 3.91±0.20 

30 0.98 5.64±0.79 5.7 ±0.25 2.73±0.09 2.81±0.09 
50 0.84 5.07±0.41 4.9 ;t0.50 2.8 ±.0.06 2.88±,0.15 
50 0.98 . 4-77±0.41 4.3 ±0.30 2.82±0.09 2.91±0.09 
50 1.13 7.28±0.46 4.8 ±0.30 2.42±0.05 2.50±_0.15 
50 1. 25 6.45±_0.46 3.8 ±.0.30 2.50±_0.06 2.57±0.15 
60 0.98 3.41±0.51 4.14±.0.26 3-18±,0.13 3.27±0.13 

27Al 90 0.84 2.67±,0.30 3.7 ±.0.40 3-48±0.13 3.58±,0.23 
90 0.98 2.23±0.36 3.23±.0.35 3". 48±0· 16 3.58±,0.16 
90 1.13 4.61;!:.0.67 3.8 ±.0.6 2.82±0.14 2.9 ±.0.3 
90 1.25 6.1 ±.1.61 4.2 ±.0.7 2.55±.0.12 2.63±.0.13 

120 0.98 1.77±.0.31 2.43±.0.27 4.09±,0.06 4.24!,0.06 

30 0.98 6.54±1.1 8.24±.0-33 2 . 6 ±.0.11 2.88±0. 11 
60 _11_ 3.92±.0.63 5.49±.0.31 3.05±,0.23 3.J5±.0.2J 

63cu 90 _n_ 2.2J±.0.39 3.20±_0.23 J.6J±,0.20 4.0 ±0.23 
120 -"- 1.62;!:.0.31 2.41±.0.29 4.17±.0.20 4.62±0.23 

30 0.98 6.31±.0.87 8.48±0.39 2.61±.0.11 2.92±.0.12 
60 -"- 3.82±.0.62 5.97±.0.32 3.06±_0.09 3.42±.0.11 

118sn 90 _n_ 2.37±0.39 3.9 ±.0.19 J.56±,0.20 4.01±.0.23 
120 -"- 1.35±.0.25 2.98±,0.36 4-39±.0.06 4.92±.0.06 

30 0.98 5.87±0.67 9.4 ±.0.4 2.65±_0.06 3.05±0.08 
60 -"- 3.71±0.55 6.52±0.39 3.1 ±.0.12 3.56±,0.023 

208Pb 90 -"- 2.88±0.46 4.2 ±0.21 3.34±0.18 3.86±,0.23 
120 -"- 1.52±0.26 3.4 ±0.33 4.24±,0.23 4.85±_1.06 

16 .... 

' ~ 

Table III. Comparison of predictions of theoretical models by 
various dependences of coalescence coefficients ob­
served in experiment by the reactions(~~) and 

r-1 
a> 
'O 
0 a 
a> 
0 
Q 
a> 
0 
!ll 
G> 
.-i 
al 
0 

0 

( h.A). Signs "+" and "-" in columns denote respec­
tively coincidence and noncoincidence with predi c­
tions of theoretical models. 

Model Type of depen- Predictions · Agreement of 
dence of coa- of the model •-r" with theo.,., 
les.coef r.A h~ 

Batler-Pearson Momentum p-~ - -/17/+/21/ 
(BP) Angular no dependence - -

A-dependence A-2/3 - -
Fr~urt- Momentum p-~ -- -/17/+/21/ 

-[•in11'• 1•{J!-cos,,.J' ]~ Strikman Angular - + 
(FS) A-dependence A-1/3 - + 

Phenomenologi- Momentum no dependence + -
cal model of Angular no 13:ependence - -
coalescence A-dependence (A-Z)/z + -

(PMC) 

Thermodynamical Momentum no 'dependence + -
model of coa- Angular no dependence - -
lescence (TMC) A-dependence no dependence + -

Pickup Momentum or - + 
model Angular no dependence - + 

A-dependence A173 + + 
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I 
Figure Captions 

1. Spectrum of measured time-of-flights (mass spectrum) in the . 

magnetic spectrometer at the momentum 0.98 GeV/c. Peaks cor­

respond (from right to left) to 9f -mesons, protons and deu-

terons. 
2. Angular distribution of invariant deuteron yields (open 

signs) and protons (darkened signs) at 0.98 GeV/c. Experi­

mental points: 0 , e - Pb, A - Sn, 0 - Cu, V - Al, (j , 

f - C. Lines are drawn via experimental points for obvios-

ness. 
3. Dependence of the invariant yield of photodeuterons on the 

atomic number of the target nucleus (A-dependence) at Pd • 
0.98 GeV/c. Experimental points: 0 - 120°, A - 90°, 0 -

60°, "V - 30°. Lines are drawn via experimental points by 
1 no. 

t he method of least squares by the relation Jc:i ~ .A • 

4. Dependence of factors nd. ( 0 ) and np ( e ) in the rela­

tions J d - .A"a. and f p- .fl"P on the particle detection angles 

at ~, p = 0. 98 GeV/c. 

5. Photodeuteron spectra from the reaction If fl f _,.... d )(. at 
.. - 90°. ma~ 0 

Et = 4.5 GeV. Experimental points: e - 50 , 

Lines are drawn via experimental points by the method of 

least squares by the relation f cl -v exp(-T/To). 

6. Angular dependences: a) of the ratio Jd. / tp at similar mo­

menta Pc:l =Pp ; b) of the coalescence model coalescence 

coefficient <£e = JciJ~ at Pa= 2Pp ; c) of the pickup model 

coalescence coeffi:ient Gep = t; at Tp = Tc:t + 1 O. Experi­

mental points: O - Pb, A - Sn, 0 - Cu, V - Al, ¢ - C. 

7. A-dependence of coalescence coefficients: a) for coalescence 

model; b) for pickup model. Experimental points: O - 120° , 

25 
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A - 90°, a - 60°, 'il - 30°. 

8. Dependences of coalescence coefficients on the deuteron mo­

mentum: a) for coalescence model; b) for pickup mod~l. Expe­

rimental points: O - 90°, A - 50°. 

9. Dependence of the parameter Bd on the deuteron emission 

angle in the representation fc1. - exp (- Bp2
) for the 

reactions ( lfd ) and ( hd.). Experimental points: 4' - the 

present work, 0 - P.fl-<;tx at Pp = 400 GeV/c [2], e -
sr.A-dx at Psr = 1.5 GeV/c [21], CJ - p.fl--dx · at 

Pp = 8.6 GeV/c (23]. 
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