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Summary

The velidi®y of %the Lypsinesis that the anguler disiri-
buticon of shomer particles produaced iz hadron - nuoleus
iuteractlens ¢ss be paramaetrized by the pumber of slow partioles
i ised from the stiuck Arcleus is tested  Helatlon hetween
sho mesn nump of slow parti~les and the mass pumber A of the

target uuc! sus or the ¢ rryspouding average number of collisions
inside tia targek nucleus is found.

Streazoegenl e

Zbedano mofliwodé parametryzacji, przy pomooy liczby
czgetek puwolnych emitowanysh 2 jJgdra targeiu, rogkiadu kgtowego
ezgatel produkowanych w oddzialywaniach hadrondw 2 jadremi,
Znaleziono zalefnodé pomledzy Arednis liczbg Sladdw powolnyoh,

a liczbg wmeowy A Jgdra targetu oraz drednlg licﬁbq gdearzed
wavnatrz jadra targetu.

Pasmme

lIpoBepAeTCA I'EIOTE34 9TO YIVIOBHE DAcUPENeNeERA JIMEHEBHX
YacTAD I'eHEePHAPOBSHHHX BO B38mMoNefCTERAX AIPOHOE € ANDEME MOXED
onacarek mpo~roll dyurouwelt THQNA MEIAEHAHX HAOTHEN SMBETHPOBEHHUYX
AIpOM MTNeH®, Halitena 3aBECEMOCTE CPefHEI? HEON] METIeHHNX
JACTHI OT MACCOBOIO WMECNA ANPAE MPNOHH AR 0T COOTReTCTBYRUEIO
CPerRere WMoN4 COYRAapeHF% OePBMROR wecThmy R AUpPs MADSHH,



It wag ghown in papers [1] and [2] that the angular
distribution of shower particles n, (!5 ? .7} produced tn
proton-emuilsion interactions at &7 GeV,2000eV and of the ordar
of few thousands GeV can be parametriged uging the mumber of
heavy lonizing particles H, (f"a< .T) emlitted from the siruck
nuoleus, Cur parametrization of inclusive distritution turned
out to be:

—"-N%-"%,f': aln,E) +bly,E) Nn 0

where E etande for emergy of the inocoming proton and

@ - mm% « It aleo tures out thet pion-emuleion
internctions at 60 GeV and 200 GeV¥ obey the sams linear para=-
metrization bui with different coafficlents., Thue gemerally
the angular dieitribution of shower particles produced in
hadron-emuleion interactions can be parametrized by the fol-
lowing formmila:

4 g%'&fn Q{7 E) « K, E) Ny, 2)
where I denotee the incoming particle.

In Table I there are listed the numerical valuee of the
coefficients m; and by of formuls (2) for intereotions of
protons and plone st the energy of 200 ﬂev.‘yrrom formula {2)
it rfollowa immediately the well known relation betmeen the
average multipliolty n-s and the number o? N, particles:

¥ Linear rits (eq2)) were done for R, £ 20.
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n_’lf:;f A:(E) + BI(E)NI’L (3)

where

AE) fas(pDdan » BiE)= [buly B) oty

Using the parsmetrization givem by eq, {2) ome can
reproduce the angular diatribution of ng particlee for a given
llh value. Pig.1 showe am an cxample the angular distributicns
of ng particlee produced in protom~emulgion interactions et
67 Ge¥ and 200 GeV for arbitrarily chesen B, values. Prom Pig.:
one can draw the followipg concluaione:

1. For a givenm primary proton energy there exieots an angular
interval ‘1‘2‘5’ "25 in which ,t0 a good approrimation, the
anguler disfribution dces not depends on N,. More precisely
- the number of n, trecke somewhat deoreases with the
increaring number of Nb tracks,

2. With increasing primary proton ergy,ﬂze moves towards
higher values of "2 a8 the rapidity of the incident particle

@“?5= ml;-is m%: A.4 )

3. Por 'rz..(_ "'25 the number of o, tracks incressges with increg-
eing number of Eh tracks and the meximum of the angular
dietribution moves towards the smaller values of ﬁz .

4, Por '?’-6 1.5 the anguler distribution of o, tracks does not

depend on primary proton energy and is described by the i
oumber of Wy tracke.

Tt

L T R B
L7 S



The main aim ¢f this work ie to test the validiiy of
the hypothesis that the angular distribution of shower parti-
¢les produced in hadron-nuoleue interaoctlon can be parametri-
zed by formula (2) and that the coerficients a; end by do mot
depend on the mass number A of the target nucleue end are the
game a8 those fourd ln esmlsion.

Since formula (2} ie linear inn, and B, it remains
valid when ﬂ dencotes the sverage nmumber of slow particles
emitted from the etruck nucleus. Thus we shall teat the va~
lidity of the formula:

';Q g&%f = ag(mE) + by(%>E) N, @

—r——

In order to test our hypothesis we ahall make uae of the
counter experiment dats obtained by W.Bueza et al. [3] .
They analyzed the angular distribution of fast particles pro-
duced in hsdron interactione with different target ouclei.
Among many targete they used alec muclear emlelion. Thie allows
a8 direct comparlson between their and our data. In Plg.2 we
present spgular distributions of partiocles produced by 200 GeV
protone and piome ip interactions with nuclear emlaion as

a target = one disiribuiion ie remilt of measuremets parrformed
in nuclear emilaicn,the other obtained in the counter experi-
ment. Exoept of the both emda of the 4’[’ diatribution the

agreement is very good (.aee Table IX ) + Therefore in our



analyeis we shall reetrict ourselves to the 02 inierval
.58("2( .28 .

- We have adopted the followipg procedure oi testing the
validity of formuls (4) . Let us dencte by 'n.(f-z.,;) the mean
number of particles in A‘VZ{ interval produced in interactione
of protons or pione with a given target nmucleus (_experinental
data obtained by W.Bueze et al. |3} ) apd by Mﬁ(?{)the number
of particles given by formule (4) in the seme 4%+ interval.
By minimizing the ]} function with EL ae a free parameter:

ey
-}!1 - C m,(q?;_) - '"-5("‘21.).] (5)
L T )+ CECpe)
a5t ¢ nzz.'s.zg

where G‘["l{) and 65(‘12{) denocte the errore of 'ﬂ-("p') and mg(®)i)
respectively,we have found the mean valuea of N, for 12 targets
exposed to 200 GeV protons and pions by W.Bueza et al. [3] .
The reliability of our procedure ie illustrated in Fig.3 where
the angular distributions of 200 GeV proton and pion interac-
tions with H2, Cy Ag, and Tb nuclel are compared with the
dief{ributions calculated from eq. (4) . The corresponding
distributiona coincide with eaoh other very well (sse K?-
values in Table III ). It is very strlking that the pane
parametrization (with the coefilcients a7 and by extracted

from emilsion measurements ) ia working for nuclei se &ifferent

ae hydrogen and lead.

P R A

[FCRPEINN

ABt oy

R



The average values of i; ag a jupetion o the mase pum=
ber A of the target nmucleus obtained from the above procedure
are presented ip Fig.4 apd Table TII, In Pig.4 we have alsc
plotted the kmown experimental veluee of the average Ry, for
interactione of protons with Cr,® {4] ,CNO and AgEr [5] and
for interactions of protons and pions with nuclear emlsion [6}
The agreement between the directly measured -ﬁ; values and those
found by the above procedure supports strongly our hypotheeis,

The dependence ih on -‘-’; for ipteractione of protons and
piona, which follows firom the already found il-: ve A dependence,
ia presented in Fig.5 . The mean number of collimione -\.}; of the
incoming particle ipeide the target nmucleue with the mase nump-
ber A was calculated neing the formmla W, ~© %.EE , where Gp
and G, denote the inelsstic crose-sectione o':: the proton and
the nucleus with mase number A, reepectively. One can see¢ Irom
Pig.5 that there is no unique relation beiween the mean number
of fh and the mean puaber of collisions. It depends on the
nature of the projectile.

We would like to polnt ocut that the angular distribution
of ghower particlee can be alpo parsmetirized using the number
of black tracks Hb or g::ley tracks Hs emittded from the atruck
nucleus (B, = B, + ¥.) ,. The rslations §j -%L%fva N, and

i‘q s va Hs are in a good spproximation linsar, eimilarly

4
lllb = tracke having range in emlmion B § 3600 mu,

Ns -~ tracke with relative ionization>1.4 and R > 3600 mpn.
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as it was found for B, as a paremeter (formula () .

s

By repeating again the seme procedure (cf. eq. (5)
we have obtained the mean values of Nb and Hg for each target
nucleus ( Bee Table III ) + The relations we have got between

tlie mean values of Nb or Iﬂ apd the mass number A of the target
nucleus or the CDI‘I‘EBpO'ndlng values of Vh are presented in

Fig.6 aud 7.
We conclude that the angular distributiom of produced

particles in proton~rmcleus or plonenucleuns interactions can

be parametrized ae Tollows:

4 dmsg = Q- ("Z '-'-)“'br("?Jt)NsLon )

d"Z
where nﬂlow could bde “h' Nb or Ns. The coefficients ay and by F
[or a chosen Nalow parameter do not depend en the mass number A {

of the target nucleus, In other words the sngular diatribution
of shower particles produced in interactioms of a given primary
particle at a given energy does not depend on the target nmucleus

provided the same number of slow particles N has been

slow
emitted, Since formala (6) holda Ffor any nucleus it is also

valid for eny mixture ol puclei (le.g. nuclear emulsion)

The relation batween N and V4 is not universal, It depends

alow
on the nature of primary particle.
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Table

I

Values of 8y and by per uni t rrz interval

I T . I

,,a 200 GeV protons| 200 GeV Ji ;

s U L

interval a b a8~ Vs !
P p NDPa3 N 4 NDPaJ |

~2¢m¢=1 | 0,006 | 0.003 0.01 | 0.003 | 0.002 1.76 |
10,003 |$0,001 10,008 |10.001 :

I

-1<m<0 | 0.029 0.920 0.96 ! 0.019 ! 0.02% 5.32 |
10,006 [+0.002 +0,010 [+0,003 i

049 ¢t | 0.322 | B.112 6.7T4 | 9,192 | 0.106 ! 7T.82 |
0,025 |+0.006 £0,029 [£0.007 !
1¢¢2 [1.097 | 0.222 0,22 | 0.681 | 0,210 | 11,03 |
2¢m¢3 | 10733 | u.219 7+72 | 1.492 | 0,158 7.58 |
3¢mga |~ 066 | 0,922 7.3 1.815 | 0,109 .06 ]
44M¢5 |1.328 0.033 6.82 1.918 | 0.023 2.78 i
0,047 (+0.006 10,073 {£0.010 '.
5(m¢6 | 0.928 |-0.007 0.29 | 1,139 [-0.022 | 0.89 |
+0.027 |+0.003 £0.045 |+ 0,006 .

6 <“2<? 0.309 -0-008 6071 0,325 | =0,011 4,78

40,015 | +0.002 10.025 [r0.003

T < '}258 00062 “Dq 001 3-71 00 092 "Ot 004 5!92
0,008 | 10,001 10.013 [£0.001 '
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Tgble Il

—————————

Comparisen of data on muclear emilsion target cobteined from

our emulslon experiment and from counter experiment [3]

200 GeV protons 200 Gev I
1 1
L9 ¥ 2e(7) X2 § 85 () 1
i interval our Busza e |EDP=1 | our Busza ‘8| NDF=1
data lda ta data daia
"0067 -00 38 0-05 0014 8.84 0005 Da11 4. 05
NUA 1 0.01 [$0.03 40.01 |[+0.03
~0.38¢ % ¢0.58( 0.53 | 0.80 18.64 0.44 | 0.74 21.98
+0.01 £6.06 £0.02 |10.06
0.58 0.92] 0.57 | 0.54 0.63 0.43 | 0.46 0,33
£ < +0.02 [r0,04 +0.02 [£0.04
0.92¢ 4 <1,39| , 1.06 | 1.00 0.59 | 0.82 | 0.82 0.004
+0,02 [+0,07 10.03 [£0.07
+0.03 [t0.09 +0.04 {30.10
1.99¢M ¢2.25|  0.85 | 0.80 0.89 0.62 | 0.67 0.70
<" $0.02 }0.05 +0,02 jt0.06
2.25 ¢ 2.76| 1.69 | 1.56 2.00 1.28 [ 1.31 0,10
To.03 BHD.09 30.04 0,19
2.76 ¢ M¢3.08]  1.02 [0.99 0.27 0.82 | 0.85 0.22
to0.02  lo.06 $0.03 0,06
| 3.08¢"M¢3.38| 0,92 10,90 [ 0,14 | 0.82 |0.79 | 0.17
! *g,.02 10,05 10,03 .06
3.38 ¢<Mcea.08(. 1.94 [1.90 0.20 1.67 |1.78 0.74
<7 0,01 #0.09 10.04 9,12

4.08 7<5.28 | 2,20 }2.08 .01 | 2.24 |2.42 0.39

p.03 M2 .05 E:.ze
5.28 <Tee .| . 0.78 [0.96 17.25 0.89 {1.12 22,43
<’2 to,02 En.o3 . in,.03 .04
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Table

III

Valuea of Eh' Eb and fs and the corresponding | values
obtaipned for 12 nuclear targets by a procedure described

in the text,

target 200 GeY protons l
Np, {(nors Qj f\l-b 1z (mr-‘-gj Ng xz(magj
H, -1,12 1.2 =1.3) 16.8 -1.06 18,4
Be 0.97 5.8 .24 1.0 (.14 9.2
20.40 X0.30 1 0.18 i
¢ 1,65 4.2 0.74 8.4 0.14 5.7
Al 3.93 2.6 2.40 4.9 1.10 145
*0,50 0. 37 20.21
i 5.80 1.9 3.0 2.8 1492 0.7
+0.61 20.46 £ 0.27
frrualeion 6.68 246 4.46 2.5 2,30 0.6
10,61 t0.47 *0.27
Cu 6,92 2.6 4.64 2.4 2. 41 0.7
to.64 t0.48 10.28
Mo 8,68 4.9 5.99 2,7 J.21 0.9
10.75 10.55 +0.32
Ag 9.28 6.4 6.44 3.2 3.47 1.
. +0,78 +0.57 $+0.33 ’
w 11.95 172 8,52 8.9 4.73 4.7
b 10.95 ‘ £0.70 10,42
Pb 12067 1309 90@ 10-6 5-07 509
1,02 +0.75 1+ 0.44
u 13040 2202 9068 12-9 5.44 7.6
11.08 10.80 0.
15
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Tabl

a 111

contd

" Vulues of Wy, T, end 'i'g aznd the corresponding A values
obtained for 12 muclear targets by a procedure described

in the text.

200 eV d
target - -—
Non  Porea] N,  Wwrsg)] Ng X

32 0,45 9.9 -0.69 13.1 -(,78 12.9
To.61 T 0.5% 10. 1

Be 1.93 244 0.53 ST 0,12 6.1
£0.50 +0.45 $0.25

c 2040 3.3 0.90 6-6 Dom 603
0,50 1 0. 45 10.25

Al 4.47 0.6 2.55% 0.7 0.99 L2
10,65 +0.57 +0.30

Ti 6,23 0.8 4.00 0.5 1,78 1.2
to.78 T 0.67 +0.35

Emleion T+13 1.0 4.76 0.5 2417 Tel
: 10,82 t0.71 +0.37

Cu 7229 11 4,89 0.% 2,25 1.2
T0.8% 0.74 +0.38

Mo 9. 05 1.9 6.40 1.0 3.07 1.9
10.97 10.84 10.43

AR 9.63 2.6 6.88 1.3 3.3 2.0
*0.99 *0.87 10,44

w 12.10 6.3 9.08 2.7 4.53 3.8
F1.31 +1.10 10.57

¥n 12053 8.1 9.?2 4,0 4«87 406
.0 .19 t0.60

U 13.5T 9.3 10,30 4.3 «24 .
11.42 1,27 Ig.ss >7
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Fig.1 Peeudorapidity distributions of particles produced in
proton-emulelon interactlons at 67 GeV - solid lines
and 200 GeV -~ dashed linea. The distributiona illuetrate

the parametrization of our data asccording to eq. (1)
for "h = 0, 10, 20,
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Flg.2a Comparieon of data on 200 UV proton interactions

obtained on muclear emuleion ae a target - from counter

l ' ment [1] - dots,
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experiment[3] - dashed 1lines and from emulsion experi-
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Fig.2b Compariscn of data on 200 GeY 3 interactioms obtained ¥
on nuclear emuleion as a target ~ from counter experiment l
|

{3] - dasked lines and from emlsion experiment {1]

- dota,

RN, Mesgiime - el
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1, dng
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Jdng
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2
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L
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1 dng
N dy
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1
,;ﬂ ' p~Pb e

0 1 2 3 & 5 6 7 =n

Pig. Ja Peeudorapidity dietribtuntions of particles produced
by 200 Ge¥Y protons on HE’ C, Ag apd Pb targets.
30112 linas - distributions obtained from ocur emleion
data by a procedurs described in the text (cf.eq. (5)).
Dashed lines - counter experiment data [3] .
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Fig.3b Pssudorapidity distributions of particlea produced
by 200 GeV negativ plons on H,, G, Ag and Pb targets.

Solid lines - distributions obtained from our emulsion
data by a procedure described in the text (cf.eq. (5 .

Dashed lines - counter experiment data [3] .
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Fig.4 ih ve A dependence obtaiped from the minitmum Iz proce=-
durs deecribed in the text (cf.eq. (5)} .
© 200 GeV proton interactions
X 200 Gev W interactions
& oxperimental data for Cr, W nuclel, CNO,AgEr groups
and nuclear emileion
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Pig.5 -N-h ve G:; dependence obtained from the minimum T{z pro-
cedure ( ef.eq. (5)).
® 200 eV proton interactions

—
X 200 Ge¥ N  interactions
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Pg.6 Ny vs & end Ty ve A dependence obtained from the mini-
mm A° procedure described in the text.
® 200 GeV proton interactions
X 200 eV N1 interactions
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