





1., INTRODUCTION

The aim of this work has been to gain insight in the phy-_
sics of the nucleon emission and pion production processes in
hadron~nucleus collisions. The experimental data were collec-
ted using the 2 meter long propane bubble chamber of the Joint
Institute for Nuclear Research exposed to 4.2 GeV/c momentum
proton beams. The investigations are performed additionally
to our similar works performed by means.of xenon bubble cham=:
bers irradiated in pion beams at 2.34 - 9.GeV/c -momentum.’

The intensities of the . emitted protons and of the produced
plons are studied first of-all. As the measure of the proton g
emission 1nten51ty the multiplicity of the emitted protons is
used;: the 1nten51ty of the produced pions is expressed by.the
multiplicity of the ejected plons 1n any- of the colllslon '
events under study.

According to experimental data obtained in our-investiga-:
tions of the hadron-nucleus collisions:in the xenon bubble
chambers/1,2/, the number of the'nucleons emitted from. the
target nucleus in a collision determines the collision impact
parameter; larger number of the emitted nucleons corresponds
to smaller value of the collision impact parameter. Approxima-
tely, the number of the emitted protons only can be used in-
stead of the numbers of the emitted nucleons. The distributi-.
ons of the multiplicities of the produced pions at definite
numbers of the emitted protons contain information about the
pion production process, and the distributions of the multi-
.plicities of the emitted protons in events with various num-
bers. of the ejected plons contain information about the nucle-
on emission process in the colllslons under study., :

2. EXPERIMENTAL PROCEDURE .
. The photographs of thek2:m propane bubble chamber exposed .
to 4.2 GeV/c momentum proton beams from the Joint Institute
for Nuclear Research. Synchrophasotron were. scanned and rescan-—
ned for the p-C collisioh'ébenf% which could occur in a cho-

" sen region centered ing b}CRuFfﬁﬂawqﬁF‘gﬁﬁF methodical ques—
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tion concerning the expositions of the chamber and the analy-
sis of the photographs are described in former works 3-5/. the
selection criteria are described as well “,71, they are:

'n+—n_> 1+ Zpg» () -
np > 1, @)

nP > 0, : , o (3)

'_p, .

n_>1, - . . 4)

n, - odd, - : , . ~(5)

where n, is the number of positively charged particles in the
event; n._, the number of the negatively charged particles in

.~it3 np, the number of the protons with Piab < 0.75 GeV/c momen-—

* tum; ng, the number’' of protons ejected into backward hemisphe-=

.re in . lab =~ system. S :
In. total, 7328 p-C collision events were selected which.

makes 82% of the all p-CjHg collisions registered on the cham-"

ber photographs under analysis and fulfilled the selection
. criteria., The lower. limit of the momentum value of the emitted

y_protons was Piab = 150 MeV/c; it is known that protons may-be

_distinguished by ionization from the pions when of momenta
Pyap S 800 MeV/c; pions with Py, 2 800 MeV/c can be identi-

-f;rﬁied by delta-electrons. The positively one-charged particles
with the momentum Pj,1, 2 800 MeV/c were accepted. to be protons;:

 the.admixture of the positively charged pions in such "proton"
- sample “is about/®/ 12%. , :

3. EXPERIMENTAL DATA

*"The collision reactions p + CJ% = np + np; + f were studied;
“is the number of the emitted protoms, npj is the number of

D,
. .tEe ejected pions with negative and positive charge, f are

.secondary hadrons if not protons or pioms. )

"~ In tables I and TI general characteristics of the experimen-
tal material are presented. In figures 1 = 6 characteristics
of the emitted protons. are shown in dependence on the multi-
plicities np; of the produced pions. In figures 7 - 12 charac-
teristics of the ejected pions are given in dependence on the

»@-_humberg n_ of the emitted ptétons.iThé characteristics of the

distributions in figSJ'11; }2_cdntain?tab1es I11 - XIV.
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Table I. Numbers Ng; of collision events and numbers
Npi ?f the produced pions in dependence on the multi-'
plicity np of protons emitted in a collision; in paren-
theses - the numbers without corrections for the effi-
clency

n, 0 1 2 3 4 5 6 20

Ney 310 2814 2342 1011 451 277 94 7328

: : (5285)
Npjt 338 1120 1342 978 523 - 332 121 4754

Table II. Nuwbers Ngy of collision events and of the
emitted protons N, in dependence on the multiplicity
npit o€ the produced pions; in parentheses - the num-
bers without correction for registration efficiency

npjt O 1 2 3 4 5 20
Ney 2641 1620 886 316 81 17 7328
. 5285
Np 3154 3117 1838 688 210 37 (9044)

?able III. Characteristics of the distributions shown
in fig.!

np;  Noy < n, > S.d. skewness kurtosis
20 7328 1.48 1.26 1.2342 8¢
0 24&1 139 1.20 1.4%28 ;.Oggg
1 1620 1.77  1.50 0.6687  0.3576
2 885 1.90 1.49 O.7775 *0.1320
3316 1.95  1.51  © 0.6757  0.5975
4 81 2.30 1.46 0.1611 =0.3871




Table IV. Characteristics of the distributions shown

WV

in figJZ

Buy Ny <Py e ‘d. ‘skewness kurtosis
0 9048  0.720 €.626 1.17(1  0O.z45z
0 %154 0.731 0.636  1.1360  0.1236
1 3117  0.723 0.637 1.1845  0.224Y
s 1838  0.730 0.626 1.1540  0.1508
3 688  0.673 0.562 1.2981  0.0543
7 210 04636 0.505 1.1431  0.3082
5 1.0105 2.2587

-y

0.586

Table V. Characteristics of the

distributions shown

2

in fig.3
’nPi Rp <Pp lQh>’S;d. skewiness kurtosis
0 8594 0.436 0.567 1.0838 0.136§
O 2991 - 0-429‘01519 1 0500 OOQ?4C
1 2944  0.435 0.567 1.1241  0.2331
2. 1742 0.454 0,569 1.0795 0.1245
3 667  0.428.0.520° 1.0280  0.1614
4 209 0.438 0.524 1.0124 0.0860
5 36 0.349 0.256 1.7744  0.5808

Table VI. Characteristics of the distributionms shown

in fig.4

{PPi ‘”Np <'Pp_tr> s.d. skewness kurtosis

20 10854  0.349 0.256 1.7744 - 4.9630
O 4427 0.352 0.2671 1.6978  4.3445
1. 3474 04350 0.253 1.7669  5.045Y
2 1991 0.348 0.256 1.9606  6.5374
3 712 . 0.345 0.245 1.5982  3.0791
4 210 0.336 0.262 2.2118  T7.0030
5 37 0.247 0.152 0.8990  0.5400

Table VII. Characteristics of the distributions‘shownA

in fig,S
nfi N, <E D -s.df _skéwness kurtosis
20 9737 04459 04619 1.6092 145869
O 3479 0.509 0.670 1.4656 - 0.9753
1 3342 0.453 0.611 1.5781  1.4552
2 1956 0.446 0.599 1.6482  1.8320
“ 3 T09 04345 0.474 2.0024 ,3-671§
4 210 0.269 04334 1.5736  1.7506
5 37 0.229 5-4741

0.312 2.3456

Table VIII Characterlstlcs of the d13tr1but1ons presen-

ted in flg 6

n ‘. N - N

os © ">-15.d. ;
<08 8 ,

SKewness”1kurtosis

P1 P ‘

20 10862 = 0.5633 0.5016 -1.2857 - 0.6486
0 4431 0.5971 0.5036 -1.4116 =~ 0.9662
1. 3475 0.5372 0.5040 =1.1752 0.3555
2 1991 045496 0.4889 -1.2525 0.6716

3 114 0.5254 0.4987 -1.1917 0.3656
4 210 0.5321 0.5018 =1.,2755 0.6628
5 37 0.6175 0.4848 =2.0022 3.149YY

Table IX. Characterlstlcs of the distributions shown -

in fig.7
np Nev < nPi pd  s.d. skewness kurtosis
20 17328 ~1.38 0.97 1.0593  0.9737
0. . 310 2013  0.83 1.3954 0.8320
1 2814 1.24 0.86 1.2432 0.8600
2 2342 1.28 0.98 . 1.0201  ~ 0.9797
3 1011 1.53 ~ 1.03  1.0534 1.0311
4 451 - 1.65 . 1.08 0,.8103 1.0769
5 277 1.68 1.08 0.9500 1.0831
6 94 1476 0.2581 0.9333




Table X. Characterlstlcs of the distributions shown

in fig.8 5 Table XIII. Characteristics of the distributions shown

in fig.11

n_ . Ny: < Pos tot” se.d. skewness kurtosis :

p - Ypi Pi tot” . _ , np fipg < B k pi~> Hed. skewness kurtosis
20 4783 0.43 0.29 1.3412  0.2877 o - T —

0 . 333 0.45  0.24 0.8950  0.2448 { =9 4f9F0.33 0.28 1.6371  0.2792

21324 0.46 0.30 1.2816  0.2974 | 1o Mezz . 0.35 0.27 1.4728  0.2722

4 523 0.41 0.31 1.0772  0.3085 -2 979 - 0.3z 0.27 1.6083 0.2732

5 . 332 0.38  0.26 1.5701  0.2793 & 220 0-31  0.30 1.8983  0.3014
6 120 0.36  0.25 1.4710  0.2504 > 332 0.28  0.27 1.7348  0.2655
6 120 0.26 0.24 1.6953 . 0.2380
Table XI. Characteristics of the distributions shown
in fig.9 Table XIV. Characteristics of the distributions shown

- - . A . . in fig,12 : ‘ . !

1, NPi <P .E:L .Lou> Sede ..—.kc\‘me.;:; kurtosis il - 2 _ | | -
20 4709 0.28 0.28 0.5610 '0.2817 _3 " ., Nps <COS B> Sed. skewness kurtosis
0. 336 0. 32 0.26 0.2026 0.2566 [ ' ’

1 1103 0.33  0.27 0.4762 0.2771 ! 20 4811 005491 044827 ~1.4253 0.4827

2 1299 0.30  0.29 0.4740  0.2863 | O 342  0.6259 0.4194 -1.7760 0.4194
3,960 0.26  0.28 0.6215 0.2768 11125 0.6293 044318 ~1.7472 0.4318
4 514 0.23  0.29 0.8348  0.2850 ‘ 2 1333 0.5764 0.4625 -1.4957 0.4625

2 330+ 0.22 0.28 O.§8§O v 0.5(88 | 3 983 0.5142 0.4974 -1.2835 0.4974

6 120 0.20 0.27 1.2059  0.20654 o 4 sz27 0.4403 0.5308. ~1.0884 0.5308.

: , % 5 3;5 0.4438 0.5342 ~1.0659 0.5342
6 120 0.3880 0.5322 ~1.1327 0.5322
Table XII. Characteristics of the distributions shown
in fig.l0 ‘
, i e ss I : 4. DISCUSSION AND RESULTS
np 'NP:I. < P'Pi i S.de skewness kurtosis ] |
- ! \ Experimental results are presented in figs.l-12. The most
20 4810 0.24 0.16 10'3838 0-157‘4 interesting/ fact is: pions with large transversal momenta,

0 342 - 0.25 0.15 '1.2271 0.1542 | larger than about 1.2 GeV/c, are presented in the transversal

1 1124 0.23 0.15 13719 0.1451 i momentum spectra (Fig.10). .

2 1333 0.24 0.16 1-230;7 0.1560 i The admixture of the beam protons among the protons accep-

3 983 0.25 0.16 1.4462 0.1617 | ted as the emitted ones is visible clearly, figs.2,3,4,5,6;

4 527 0.25 0.17 13790 0.1701 : it amounts about 15-20%. It should be taken into account in

5 333 0.23 0.17 1.0427 0.1639 investigating the proton or nucleon emission process on the

6 120 0.24 0.17 1.6586 0.1676 ‘ basis of nucleon-nucleus collision experimental data at mo-

menta of about a few GeV,
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