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1. The study of inelastic hadron-nucleus interactions at 
high energy is of consideraЬle interest both from the theore
tical and experimental points of view. This is due to а unique 
opportunity to ob t ain information on strong interactions of 
hadrons which cannot Ье obtained Ьу studying only hadron-hadron 
interact~ons. In particular, s tudy of the inclusive reaction 
hA~hX in the projectile hadron fragmentation region yields, 
apart from the opportunity to verify the model conceptions on 
the quark structure of the hadron~ information on the character 
of the interaction between the newly produced particles . and 
nucleons of а nucleus. 

The reaction 

11-А -+ 11-х ( 1) 

was studied when analysing the experimental data obtained from 
the 5-metre magnet spark spectrometer of JINR at t.he 40 GeV/c 
pion beam 9f the Serpukhov PS accelerator. The scheme and 
geomet r y of the experiment were ~~uivalent to those of the di f 
fra c tion dissocia tion experiment 11

• except for the trigger which 
wa s used in the inclusive vers ion. Production of s econdary fast 
negative pions was measured over the Feynman range О. 1 ~ х F < О. 9 
and the transverse momentum range Рт< 1 GeV/c . Information on 
the targets used in the experiment is given in ТаЬlе 1. Targets 
were place d in front of the first spark chamber plane as far as 
70 cm from it; ·the full acceptance angle of t l:!e spectrometer 
was 30°. А multiwire proportional chamber in the spectrometer 
volume covered the above-men t ioned acceptance and discriminated 
events when mo.re than one charged particle from the target 
entered the spectrometer volume. 

Over 4000 inelastic interaction events for 4 targets were 
measured at HPD JINR (Dubna). Further processing of the track 
information was performed Ьу means of the modified RO~O pro
gramme which in addition to the geometry reconstruction inclu
des also the event vertex (the point of interactlon) fit routi
ne 131

. Estimation of efficiency of track finding Ьу means of 
such an automatised processing procedure in the afore-mentioned 
kinematic region showed that track losses did not exceed 2%. 

Figure 1 shows square momentum distributions for negative 
pions from reaction (1). Solid curves are the result of fitting 
of these distributions Ьу the function а.ехр(-ЬР 2 ). The values 
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Fig. 2. -N
1 о dN (тГл ... "- х) fuпctioпs of XF for> four> 
е v dx F 

tar>get пuclei at 40 GeV/c . 

Results of appr>oximatioп of t he distribution 
1 dN • 2 = -о- Ъу the fипсtмп а о е~р (- Ь Рт) 

N р 2 · 
ev Т 

Tar>ge t с ttl Си 

ТаЫе 2 

pA(xF) = 

РЬ 

р;, (GeV/c) 2 p;,(GeV/c)2 Ь, (GeV/cГ2 5.4±0. 3 5. 2 ±0 . 2 · 5.2 ± 0 . 2 5.3±0.3 

а , Gev·- 2 4.6±0.3 4.9 !: 0 . 3 4.6± 0 . 2 4. 5±0. 2 
Fig. ·1. Distributions over the square of the traпsverse 
momentum for the iпclusive process оп t~ Cu ~ Al ~ РЬ x2

1DJo' 1.37 2.08 1. 96 0 . 99 

пuclei at 40 GeV/c . 
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Table 3 
Comparison of the АQМ predictions ыith the experimental 
values of ratios . р (О . 5)/р (О. 5) 

Ai Aj 

Р лJО.5)/РА . ( 0 .5) 
1 J 

Cu/Al 

Pb/ Al 

Pb/Cu 

Experimen t 1
) 

о. 89 ±о. 06 

о . 86 ±о. 05 

о. 96 ±о. 06 

АQМ 2) 

0.8'1 

0.65 

0.75 

1
) Experimental values of Рл (О. 5) have been calculated for 

the interval О. 2 .S х F < О. В . 
2) Only ratios for А ;::: 27 are calculated here_, since there is 

по approximation for light nuclei in Ref. 121 

of parameters "а" and ''Ъ", obtained in the fitting, and the 
ratio x2/DFare given in ТаЬlе 2. 

Distributions for С and РЬ are well fitted Ьу the chosen 
function, but this function describes distributions for Al and 
Сн target s much worse. One сап see from Fig. 1 and ТаЬlе 2 tha t 
the form of Pi _distributions and values of the parameter "Ь " 
do not depend practical ly on the atomic number of the target . 

. Figure 2 presents XF-dependence of -N
1 

• dN distributions 
ev dxF 

( Nev is the number of _inelastic events). Noteworthy is the fact 
that the distributions for dif ferent nuclear targets a~~ .much 
alike . At the same time the additive quark model (AQM) 121 pre
dicts some A-dependence of inclusive cistributions for nuclei 
in the xF = 0.5 neighbourhood. ТаЬlе 3 allows one to compare 
our exper i mental results with the AQM predictions. It is seen 
that for values of the atomic number corresponding to copper 
and aluminium the AQM predictions coincide with our experimen
tal data while for larger А the quark model disagrees with the 
experimental results, 

2. The inclusive reaction 

тr -+ А->р~+Х (2 ) 

with proton emission to the backward hemisphere was measured 
at the projectile pion moment~ 40 GeV/c on C,Cu and РЬ nuclei 
in two angular intervals of proton emis.sion: 120°-;. 1 60" and 
155 ° _,. 175°. The scheme of measurements is shown in Fig.З • . 

4 

~ 

.... 

t..;:.'•' 
t: }:.~" 

:-'{ 
> 

\ 

f, 
f 

J 
r 

.. ;,; 

Fig.3. Experimental lay-out for 
the study of the reaction 
u-A ... p~X. Sp s~ .. s 4 .. s 5 .. а 6 .. А4, 
'F

2
·, К are t:c?-ntillation coun

ters_, MWPC is the multiыire 
proportional chamber. 
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Fig.4. Momentum distributions of protons in the reaction 
тт-А ... р~Х for the proton emission angles 120° + 160° 
and 155° + 175 °. 
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Fig.5. The sZope parameter В 
vs the atomic пumber of the 
target пucleus. 1) The preseпt 
paper: • and о - for the aп
guZar iпtervaZs 120° < 8 < 160° 
апd 155° s 8 s 1 75 °-~ re-speёtively~ 
at Р > О . 3 GeV/c; • - for the 
iпtervaZ 120° :S 8 s 160° ~ 
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Р >О. 48 GeV /с. 2) Data of 
Ref. 141 : х - for the reactioп ~ 
тт-А ... р+Х at р = 5 GeV/c; • -
for the reactioп рА ... р+Х at 

С At Cu Р~ А 

РР = 8. 5 GeV/c. 3) о - data of 
' Ref. : 51 for the reactioп 
рА ... р+Х at Рр = 8.9 GeV/c. 
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pZotted agaiпst the atomic пит
Ъеr. Data f'or тт- mesoпs ( Р = 

. =1. 55..;. 6. 2" GeV/c ) are пormalised 
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с.;--- ·- ~ IOOP!. А--~ -- at Р = 5.1 GeV/c . 
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About 40000 stereopictures were scanned and then measured at the 
SАМЕТ and AELT-2/160 devices. А special \тersion of the progranпne
system MIS 131,earlier used to study coherent production of 
тт-mesons on nuclei, was made to analyse the results of measu
rements. 

The invariant differential cross sections for reaction (2) 
2 

Е d а 
F = -·--. where Е and Р are the total energy and the momentum 

р2 dPdO 

of the proton, r~spectively. were, obtained Ьу subtracting the 
spectra of negative particles from the spectra of positive par
t icles with allowance for corrections for the geometrical ef
ficiency and ionization losses. The invariant cross sections 
normalised to aab s are shown in Fig.4. 

The slope parameters В obtained from parametrisation of the 
invariant cross sections 

1 Е 

ааЬв • Р 
6 

d 2a 
dPdO = С. ехр(-ВР 2) 

1 

are shown i~ Fig.S as а function of the target atomic number. 
Values of the slope · parameters В 14•51,obtained at other momenta 
of projectile particles in reactions (2) and р +л· ... р + + Х (3), 
are shown in the same figure for __ comparison. One can see that 
В is almost independent of the atomic number of а target nuc
ieus, but. depends on the proton emis\ ion angle 8 (increases 
with the increasing 8 ). 
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Fig. ?. Dependeпce of а) R = (FA/A)/(Fc/AC> and Ь) n = 

= 1n (FA/ F c)lln (А/А С> оп the square momeпtum of protoпs 
emitted to the Ъackыard hemisphere for the reactioп 
тт-А -+ р +Х. 

A-dependences of the invariant cross sections normalised 
' 2 -

to the nucleon ..Е.=.!.. . .Ш. . ..!LQ.. for reactions (2) and (3) are si-
. А А . р 2 dPdД _ " 

m~lar and vary weakly ~n а w~de range of the тт -meson momenta 
from 5 to 40 GeV/c. This can Ье seen from Fig . б where results 
from Refs. 16 ·11 are presented for comp~rison. 

Comparison of dependence of quantities R = (F A/A)/(FciAc) and 
n = ln(FA/Fc )/ln(A/Ac) on the proton momenta CFig . 2) with the 
invariant cross sections (Fig . 4) allows а conc l usion that there 
are, seemingly, irreвularities in behaviour of the cross sec
tions and these irregularities groн as the atomic. number of the 
target nucleus becomes smaller. 
• Analysis of the obtained data allows the folldwing conclu- · 
sions for processes (1) and (2): 

1. For reaction (1), inclusive distributions (normalized 
to the number of inelastic events) ' with production of negative 
pions in the fragmentation region of projectile particles is 
practically independent of the atomic number . 
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2. The slope parameter of th~ square momentum distribution 
for process (1) is Ь = 5. 2-:- 5. 4 and also does not show A-de
pendence. 

3. The additive quark model describes satisfactorily our 
experimental data on the ratio of х F-distributions of negative 
pions in the region near xt"' О. 5 for Cu and А~ targets, but 
disagree with the experimental results for larger А. 

4. For reaction (2) with proton emiss~on to the backward 
hemisphe r e , the slope parameter В weakly depends on the atomic 
numbe r of the target nucleus. 

5 . The s l ope parame ter В depends on the proton emis s ion ang
l e (J and i nc r eas e s with the increasing 8. 

б. A-dependences of the i nvariant cross-sec tion norma lized 
per nucleon f or reactions (2) and (3) are simila~ and vary weak-... 
l y in the momentum range of projectile "--mesons from 5 t o 
40 GeV/c. 
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