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Processes of hadron-nucleus scattering hA at high energies, 
leading to emission of relatively fast (cumulative) baryons 
from nuclei into the backward hemisphere (В+) have been objects 
of intensive experimental and theoretical investigation for та
nу years l l,2/ . The attention to reactions of emission of "back
ward baryons В+" is attracted first of all Ьу an opportunity 
of obtaining essentially new information оп the properties of 
intranuclear nucleons, their associations into close groups / 3,4/, 
and the interaction of the primary or cascade hadron with clus
ters of the d, а , ••• type / 5-8 / or with consideraЬly closer 
objects, such as quark bags 19 • IO/ in nuclei. 

То find а relative contribution of the above-mentioned mecha
nisms to the process of cumulative baryon production, one usu
ally studies multi-particle correlations within certain limited 
regions of the phase space for secondary .particles. 

Our investigations in this field / ll / allowed us in 1976 to re
veal an opening angle correlation of two protons, angle between 
them being close to 180° (one of the protons was emitted into 
the back hemisphere in the lab.frame). Study of this effect 
showed / 5/ that it сап Ье partially due to absorption of slow 
cascade pions Ьу an associated pair of nuclear nucleons, i.e., 
due to the process " + (NN) ... Р+ + N. Then this point of view was 
confirmed Ьу other experiments / 12-16/. 

Comparison of experimental data with the cascade-evaporation 
model showed/ 5· 121 that three mechanisms сап make the main con
tribution to the Р + production: 

(а) rescattering оп intranuclear nucleons (including proces
ses of elastic and nonelastic rescattering, charge-exchange, 
pion production, etc.); 

(Ь) descruction of the 
(с) absorption of slow 

in tranuclear nucleons. 

excited residual nucleus; 
"-mesons Ьу а correlated pair of 

Full description of experimental data requires also allo
wance for other possiЬle mechanisms of cumulative proton pro
duction, which, however/ arouses certain methodical difficul-

. ( f /17 ) t1es e.g., seeRe. • 
Irrespective of the В + production mechanisms, phenomenolo

gical description of their energy distributions was given in 
а series of papers puЬlished Ьу ITEP group / 2, 18,19/. The authors 
point out to scaling behaviour of the structure function р for 
the В+ production process with the energy (momentum) Е(Р) in 
the inclusive reacti9.11..-.hA. .... в+ + •.. with the cross section u
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p=-l __ _E__ da. (1) 

а. р2 dp. df! 
ID 

In Ref. / 2• 181 it is indicated that invariant function (1) is 
parametrised fairly well in the form: 

2 
р = А0 · ехр(-Вр ). (2) 

The parameter В does not depend on energy, sort of the inci
dent particle h and type of the nucleus; Ао does not depend 
on energy and hadron sort. 

While checking the hypothesis of nuclear scaling it is of 
importance, however, tp find out if the invariant function is 
parametrised Ьу one exponent or а sum of exponents. Presence 
of several exponents may mean that in various kinematic regions 
there are various processes, leading to В ~ production. In 
а number of experiments there were attempts to describe the 
invariant function / as. а sum of twoi20/ or even three/ 16/ ex
ponents. In Ref./20 there are no conclusions on mechanisms of 
cumulative proton production, while results of the work/161 have 
confirmed our earlier conclusions/5, 121 on manifestation of 
three "backward" proton production mechanisms. 

This paper deals with the study of the structure function 
behaviour for protons, emitted into the backward hemisphere 
in lab. frame in the reaction 

71- + С12 ... р~+ ... (3) 

at 5 GeV/c, aimed at discriminating contributions of .various 
mechanisms responsiЬle for production of such protons. 

Contributions of mechanisms (а), (Ь) анd (с) to cumulative 
proton production were discriminated Ьу means of the cascade
evaporation model (СЕМ) with allowance for variations ·of the 
number of nucleons in the nucleus due to their knocking-out in 
the process of the intranuclear cascade. The evaporation stage 
was calculated Ьу the "desctruction" model, based on Fermi# sta
tistical model. Unlike of Refs./5,1 2,1 3/,we use the present mo
dification of СЕМ in which the cros$ section for pion absorp- ' 
tion of the nucleon pair is reduced according to the data of 
Ref ./23/.From 95000 Monte-Carlo generated non-гlastic 11 -с in
teractions about 50000 events with ::sl4000 "backward" protons 
were chosen with allowance for experimental criteria for selec
tion of 11-С events. 

Invariant differential cross sections for "backward" pro
tons Р ~. produced due to the mechanism of mul tiple rescattering 
in2 CEM, were parametrized in the form р 8 = AJe:x;p(-A2·p)with 
Х ln = 1,1 (the function A't"exp(-A;-p 2) descпbes model data 
with x2/n >2. In Fig.l there parameters are plotted against 
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de s t r-uction of t he r-esidua l nucleus; Ыасk points - fo r
mechanism of multip le r-escatter-i ng . 

the emission angle of protons (Ьlack points). From Fig.la one 
can see that the yield of proton~ decreases with larger emis
sion angles О , wl1ich seems natural, since the mechanism of mul-

7tiple rescattering / 22/ provides а lower probability for produc
tion of the pro ton with а given momentum when the emission angle 
increases . Increase of the slope par~meter (Fi g .lb) with а lar
ger е is due to the fact that the max imum momentum of the emit
ted proton decre a ses as the rescattering number increases.This 
gives"rise t o the " so ftening" of the Р-1- momentum spectrum and, 
consequentl y , to inc rease of the slope parameter. ТаЬlе 1 lists 
results of approximation of parameters А( and А2 Ьу а function 
а + Ь . cos 

ТаЫе 1 

--
Parameters з ь Х 2/ n 

А ' (Gev- 2 с 3sr- 1 ) 20.1 +0.5 . 5. 8+0 .б 1 .3 
1 -1 - -

А~ (GeV с) 10.2+0.2 -4.2+0.5 1.1 

Invariant cross sections f o r protons, emitted due to the 
destruction of the residual nucleus, were also approximated Ьу 
а function рь =А'{· ехр(-А; · Р) with х 2/n::: 1.1. Dependence of 
the parameters А' ! and А2 on the proton emission angle (light 
poi.nts) is shown in fig. 1. As it is seen from Fig.la, the am-
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plitude of А}' decreases with larger angles according to the 
rule а + Ь · cos8, which is explained Ьу forward motion of the 
excited residual nucleus while the slope parameter А.}_' does 
not depend on the proton emission angle (Fig.1b) . ТаЬlе 2 pre
sents ~alues of the parameters А~ and л;' for the nuclear de
structlon process. 

Parameters 

Ai' (GeV - 2 c 3sr-1 ) 

А2 (GeV-l с) 

а ь 

91 ~2+23.4 26.0+4 .1 

20.8+0.7 

Table 2 

Х 2
/n 

1.1 

0.3 

Contribution of the (с) mechanism of slow 11 -meson absorp
tion Ьу the pair of correlated nucleons in the nucleus is of 
special interest. At absorption of pions Ьу а pair of intra
nuclear nucleons the kinetic energy of two nucleons, one of 
them flying in~o the backward. hemisphere, i~ :ГN + :ГN -t = Ш 17 + Т17 
The cross sect1on for absorpt1on of the pos1t1ve p1on on the 
deuteron / 23,24/ has а wide maximum ( +60 MeV) in the region 
0.09 < Т17 < 0.15 GeV. Since the opening angle between the two 
nucleons at absorption is larger than 90°, dependence of the 
mean opening angle between the two nucleons ф on their kine
tic energy TN + TN-t must have maximum in the energy region 
0.23+0.29 GeV. Figure 2 shows this dependence ф(Т2 р); points 
stand for the experiment (pion-carbon interactions at 5 GeV/c). 
In the energy region 0.19 < Т2р< 0.26 GeV а characteristic ma
ximum is observed. The maximum becomes more distinct for pions 
with the momentum over 0.3 GeV/c (Fig.3). А similar dependence 
for interactions of 17--mesons with the mean nucleus А :::: 24 
(mixture of propane-freon) at 5 GeV/c is shown in Fig.1 where 
one also ob serves а maximum caused Ьу absorption of the 11 + meson 
Ьу the pair (np). 

In Fig.5 the mean multiplicity of 11+ mesons is plotted 
against the sum of proton kinetic energies. Light points are 
pion- carbon interactions at 5 GeV/c; b!ack points are interac
tions of pions wi th the mean nucleus А .. 24 at the same energy. 
At the energy range in which the ф (Т2р) distribution has а ma
x imum one can observe the n17 + minimum; that means that absorp
tion of 11+ mesons is effective in this very r egion. The data 
in Fig . 5 allows one to estimate the contribution of the reac
tion 11 + " d" .... P -tP to production of cumulative protons. This con
tribution is а = (1 .5+0.4) mb. Dependence of the 11+ / 11- yield 
ratio on the momentum of 11+ mesons ( see Fig.6) is also in fa
vour of 11 + absorption. 
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The investigation results / S, 6/ show that the momentum spect
rum of protons, produced due to the absorption mechanism, has 
а bell-like shape which can Ье described Ьу the Gaussian func
tion wi th parameters с 1 , с 2, с3 independent of the proton emis
sion anrle.· The exponent form of this function, as accepted in · 
Ref. 116 ,cannot describe the full momenturn spectrum of protons, 
produced as а result of the slow pion absorption. 

Approximation of the proton invariant function distribution 
for the discriminated absorption mechanism in СЕМ yielded the 
following results for ci : с 1 = (0.038.:!:_0.005) GeV-2 cЗsr -1 ; 
с 2 = (0.389.:!:_0.003) Gev . c-1; с 3 = (0.129.:!:_0.003) Gev - 1 с with 
х 2fn :::: 0.6. 

Thus, the total contribution of mechanisms (а)-(с) to pro
duction of protons, emitted into the backward hemisphere, can 
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Е d 2a 
~ · di)-:--d{} = (А 1 + А2 · cosO) · ехр(-(А 3 + А4 . cos O) · р) 

(4) 

+ (В 1 + в 2 · соs8) . ехр(-в3 . р) +с 
1

. ехр(-(р- с 2 ) 2 /2 . с23). 
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In Figs.7-11 one can see experimental structure functions (1), 
obtained Ьу processing 15000 events of non-elastic inte ractions 
of тr-mesons with carbon nuclei. The interac tions were detected 
in the 1-М propane bubЬle chamber of the Laboratory of Nuclear 
ProЬlems , JINR. 4860 protons with the momentum 0.16 < РР-1- < 
< 0.75 GeV/c and emission angle О~ 90 ° in the lab. frame were 
chosen for this analysis. I n the same figure one can also see 
the curves, calculated Ьу formula (4) in various intervals of 
the proton emission angle (the ordinates scale is logarithmic). 
Points are the experiment, the dash-and-dot line is the contri
butio~ of the mechanism (а), the dashed line is the contribution 
of the mechanism (Ь), the dotted line is the contribution of the 
mechanism (с), the solid line is the tota l contribution of three 
mechanisns • 

Fig. 12 presents the same data, but they are integrated over 
the proton emission angle in the interval (90~180° ). Compari
son of calculat ions, made Ьу formula (4) with the experiment 
show the model describes quite well the experimental data. It 
should Ье noted that the calculated and experimental data are 
given in absolute units . . 

In our paper 1251 and th~ paper 121 1 it wa s pointed out that the 
angular dependence ·of the slope paramete r should Ье introduced 
in parametrization of structure f unction (1), which, as it fol
lows from what was said above, is due to the process of nucleon 
rescattering inside the nucleus (the first term in formula (4)). 

Table 3 

Cros s ехр mod (а) (Ь) (с) 

section аР+ (mb) а (mb) а l!j. (mb) а,.-1- (mb) a
11

(,mb) P.j. 

Ej • .j. > о. 16 33 . 8+1.6 33.5 21.05 9.6 2.82 -
РР -1- > 0. 2 1 23.5+ 1.6 25.3 15.9 6 . 59 2. 79 

Pr -1- > 0. 26 16. 7+1 . 7 17.6 11 .62 3.22 2.72 -
РР -1- > 0.31 11 . 7+1. 7 12 . 2 8.22 1. 42 2 . 55 

pp .j.> 0 . 36 7 . 6+1 .5 8.4 5.61 ' 0.56 2.26 

а) r e scattering ; Ь) destruc ti on; с) absorption. 

TaЬl e s 3 and 4 presen t crbss sections f or generation of cumu
l a tive protons in various intervals of momenta and emission 
angles. Cros s s ect i ons а (а) , а< Ы , а (с ) ca lculateq Ьу formula 
(4), a r e also given .there. It is seen t ha t at large emission 
angl es cosOP (- 0.8; - 1.0) and momenta Рр .( 0.36 GeV/c the con-
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tribution of the absorption mechanism amounts to 50%. Good agree
ment is also observed between the calculated and experimental 
data . 

Table 4 

Angle Momentum ехр mod (а) (Ь) (с) 
' cos ine (GeV/c) aP.j. (mb) ap~mb) ap~mb) apt. (mb) ap~mb) 

<- 1 • о , -о . б) (0.21,0.74) б.9~0 . 4 б.4 3.38 1. 94 1. 12 

(-1.0,-О.б) (0.2б,О.74) 4.7~0.4 4.3 2.3 0.95 1.09 

<- 1 . о , -о . б) (0.31,0.74) 3.2~0 . 3 2.9 1.5 0.42 1.02 

<- 1 • о, -о. б) (0.3б,О.74) 2.2~0.1 2.0 0.93 0.16 0.9 

<- 1 • о , -о . 8) . <о . 2 1 , о . 7 4) 3 • 1 ~о . 2 2 .8 1 .35 0.94 0.5б 

(-1.0,-0.8) (0.2б,О.74) 2.2~0.1 1.9 0 . 9 0.4б 0.54 

<- 1 . о , -о . 8) (0.31 ,о. 74) 1.4~0 . 1 1.3 0.57 0.2 0.51 

(~1.0,-0.8) (0.3б,О.74) 0.8~0.1 0.9 0. 35 0.08 0.45 

а) rescattering; Ь) destruction; с) absorption. 
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CONCLUSJ;ONS 

1. For the first time contributions of individual mechanisms 
to production of cumulative protons in pion-carbon interactions 
at 5 GeV/c have been discriminated in the explicit form and 
described, using analytic expressions. Calculated data describe 
fairly well the experimental spectra. 

2. The data, obtained at the mean nucleus А = 24 at 5 GeV/c, 
confirm the results of Refs./12-lS/regarding the presence of the 
rnechanism of "+-meson absorption Ьу а correlated pair of nuc
lear nucleons and its contribution to cumulative proton produc
tion. 

The authors are grateful to V.P.Dzhelepov, N.V.Maksimenko, 
V.I.Komarov, B. Z.Kopeliovich for discussions anq useful advice . 
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Абдмноа 0.6. · М др. Е1-84-421 
Неханиэ- роJWДеИМА кумуiUiтивнwх nротонов 

в nнон-АДернwх вааИМQАеАствиАх при 5 ГэВ/с. Феноменоnоrически~ анализ 

Поnученw вкnвдw отдеn~нwх мехаимамов в роJWДение кумуiUiтивнw~ nротонов 

• w-С-вааиМQАеАСТВИАХ nри 5 Г38/с. СтруктурнаА функциА имеет вид: 
1 2 
-. ~. dp4 а..,., • (91.2 + 8,0 • 0088). ар( -10,8 • р) + (10,1 + 6,8 . 0088) х 
al• р . ..., 

IC 81РН10,1- •••. 0088). р) + 0,018. ар (-(р- 0,889) 1/2. 0,1W), 

rде nepewA чnен nредставiUiет вклад мехаимама исnарени" во3буJWДенноrо АДра
ос:татtсВ; вт01)011 - мехаимама мноrократноr;-о АДерноrо рассеАниА /8КЛDЧая npoцec

cw .,...._РIIДКИ, ynpyroro м нeynpyroro рассеАНИА/; трети~ - механизма norлo-
111....,. ~ втормчнwх nионов na~ 8нутриАДернwх нуiСIIОНОв. Неаависи-
обреаом ма аксnерммента оценен вклад реакции "+ "d" .. Р + Р в обрааова-

иаавд 

ние \СУМ)'IWIТманмх nротонов а • /1 ,5+0,4/ мбн. Поnучена аааисимост~ yrna раз-
пета .. ух nротОНО8 /QДмн из которwх-исnускаnсА 8 ааднао nопусферу 8 n.с . к./ 
от суммм u кинетических энерrи~ т1р 8 nион -yrnepoд- и пмон-"фреоноаwх" 
(1: 14) 888ММQДеАствиАх. В областИ О, 19 < т2р< 0,26 ГэВ набJIIIДаетс:А харак
терtWА ,.кс:ммум, обус110811еннwА поr110111енмем медпеннwх пмоно8. 

Р.SОТ• 11М11081Н8Н. в llвборетормм АДернwк проблен ОИЯИ . 

......._., ОСЬедllнеивоrо КRСТIIТУТа .-дePIDIX исс.nедо8авd. Дубна 1984 

AЬdinov 0.8. et al. E1-84-lt21 
Нechanl ... of CU8Uiatlve Proton Productlon ln Pion-Nucleus 
lnteractlons at S GeV/c. А Phenomenologlcal Analysls 

Separate ..chanls-s contrlbutions to cumulatlve proton productlon were 
oЬtalned for S G8V/c w-c lnteractlons. The structure functlon has the fonm: 

1 & d1a 
-·а·- • (11.1 + 8,0. 0088). up(-10.8. р) + (20,1 + 6,8. 0088) х 
••• ' . tlp • dD 
IC 81f(-(IQ.2- 4.1 • 0088) • Р)+0.038 · up (- (р- 0.88) 1/1 • 0.1111

), 

where the flrst tenm ls the contrlbutlon of the evaporatlon мchвn l 1111 of the 
exclted resldual nucleus, the second one ls the contriЬutlon of :the multlple 
nuc188r scatterlng mechanlsm {lncludlng charge exchange, elastlc and lnelas
tlc scatterlng processes) and the thlrd one represents the мechanlsm of slow 
secondary plons absorptlon Ьу the intranuclear nucleon palr. Contтlbutlon of 
the w '11" .. Jt __ k Р reactlon to cumulatlve proton productlon was estlmated 
lndependent1yrrom the experlment: а • {1.S+0.4) mЬ. Dependence was ob
talned for the average angle Ьetween two protons {wlth one emltted to the 
Ьackward heмlsphere ln lab.sys!ems) upon lts klnetlc energy sum Ttp Jn 
plon-carЬon and plon-"freon" (А • lt) Jnteractlons. А characterlstlc IМxlmum 
caused Ьу absorptlon of slow plons has Ьееn obtalned Jn the region 
0.19 <Т,р < 0.26 GeV. 

The Jnvestlgatlon has Ьееn perfonmed at the LaЬoratory of Nuclear 
РrоЫмs, JINR. 
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