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1. INTRODUCTION 

The aims of the present paper are: 

1. to calculate multiplicities, i.e. the mean numbers of par·
ticles produced in hadron-nucleus collisions and dispersions 
of these mean numbers, assuminz as the basis the free-parameter
less model of Z. Strugalski / l-б / ; 

2. to compare the results of calculation with availaЬle ex
perimental data. 
. This work is the continuation of our former paper 171 (hen
ce f orth citied as I), dealinв with the ratioRлbetween the 
mean number of charged particles created in hadron-nucleus col
lisions and the mean number of char8ed particles created in 
collisions of this hadron with the nucleon. The hadron-nucleus 
collisions are here analysed in the same energy ranges in labo
ratory system as in I, namely for 16-147 GeV/c for pion-nucleus 
collisions and for 19-1480 GeV/c for proton-nucleus collisions; 
the multiplicities are calculated for the same 24 nuclear tar-

(f 12с 23flu ) . d. . gets rom 6 to 92 as 1n I, the 1spers1ons are calcula-
d f 1 12с 22 56 64с нn 1он 1s1 te or ten е ements 6 , 1.1Al, 2 "Fe, 2., u, 3~3r, 47 

Ag, , 4Хе, lfi4W 207 РЬ 2:!11 U. . " ~ • ·' ·' 
74 ' !12 ' 92 

2. CALCULATIONS OF ТНЕ МULTIPLICITIES OF PARTICLES AND 
OF ТНЕ DISPERSIONS 

According to Strur,alski's free-parameterless model the mean 
numbers of produced charged particles in hip,h-enerRy hadron
nucleus collisions are r,iven Ьу 

Eh 
<n,.h (Eh) >hA = <m> <n,.h ( <m> )>hN • ( l ) 

where ; nch(Eh) >hA is the mea~ ~umber of charged particles pro
duced 1n hadron-nucleus coll1s1ons at the energy Eh of the 
inrident l1adron in Lab .• <nch(Eh/<m>) > hN is the mean number of 
parti c l e s produced in hadron-nucleon collisions at the energy 
Eh /<m>; l1 e re <m> = е t , t = <Л>/<Л о> , wh ere <Л > is the mean thick
ne ss of nu c lear matter ( in nucleons per fm 2), taken from the 
pap e r of Strugalski and Pawlak 181 , <Ло> = k/ao is the mean free 
path o f tl1e hadron in nuclear matter for the particle producing 
collisions; k = 3 (see Strugalski / 9/ ) and the values of а0 
wer e taken from CERN-HERJL..t..ables /10 / . 
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The physical meaning of the n,.uantity <~ > is as follo\чs: 
According to the free-parameterless model 11 particles are c re
ated in those quasi-two- body hadron-nucleon (especially nucleon
nucleon) collisions, which produce two intermediate objects of 
the life-time lcng enough to Ье аЬlе to collide wi th the down
stream nuc l eons in the t arget and to produce in this way new in
termedia t e objects. As the result an a l most one-dimensional 
cascade of intermediate objects is formed inside nuclear matter. 
The quantity <m> is simply the mean number of particle producing 
collisions of the incident hadron to gether witl1 t he collisions 
of all the intermediate objects in the target nucleus. 

The dependence of <n 1 (E h) > N on the energy of incident 
с 1 р 1 10/ pions and proton s , t aken from CERN-1-IERA taЬles and Gold-

schmidt-Clermont data i JJ / was presented in Fig . 2 of I. 
The dispersion D of the mean value <n (Е )> , given Ьу 

expression ( 1), is composed of two partsc'ь, !lndhA о 2 : 
2 2 2 

D = D1 + D2, (2) 

where D1 is the dispersion of the mean value <nch (Eh / <m> )> hN 
and D2 is the di spersion of the quantity <m> . 

The quantity D1 is siven as 

D1 = Ahl < nch(E h/< m> ) >hN- 1! v"ffi. (3) 

where according to WroЬlewsk/ 12/ : Ah = 0. 576+0.008 for Р-Р col
lisions bet\veen 4-303 GeV / с , Ah = О . 44 for 11-р collisions between 
4-25 GeV /с and Ah = О. 576 f or 11-pcollisions between 50-205 GeV /с. 

The quantity D2 is given Ьу 

0 2 = D( <m>) . <nch(Eh /< m>)>hN' (4) 

where 
R 

<m2> - <m} = 1
1 

m2<m>- 1 11 - <m>- 1 ! m-- l - <m>2, 
- 2 
D ( <m > ) (5) 

ffi"- ' 
Rt is the distance ( in nu c leons /fm 2) from the center of the nu c 
leu s to i t s concent r ical layer,wh~r e the averag e number of pro
t ons in the cy lindri cal volume 11D оЛ fm3 is equ a l to 0.25 ( Do 
i s proton's diamet e r in fm) . The values of Rt we r e taken from 
the paper of Strugalski and Pawlak 181. 

3. RESULTS OF CALCULATIONS 

The va lue s of the me an numbers o f produced cha r ged particles 
in pion-nucleus collisi ons for 24 elements between 1 ~с and 
2g~u in the momentum ran r,e of incident pions in Lab. from 
\б GeV / c to 147 GeV/c are given in ТаЬlе 1, the va lues of the 
same quantity for proton-nucleus collisions at projectile momen-
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ТаЬlе 

The multiplicities <nch(p17 ) > 17А. of charged particles 
produced in pion-nucleus coll1sions, calcula ted using 
formula (1); р 17 is the incident pion momentum in Lab. 
А denotes the charged nucleus 
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ta be t ween \9 and 1480 Ge V/c in Lab. are ~iven in ТаЬlе 2. The 
corresponding di spersions fo r 10 elements fr om 

1 ~ С to 
2~~U in 

the same ener gy ran ge s of incident pions and protons as before 
are given in ТаЬlе 3. 

Ву inspection of the se taЬles we can state that: 
1. The mean val ues of the numbers of charged part i cles pro

duced in hadron-nucleus collisions increa se re gularly and slowly 
with incr easing targe t ma ss number А of about 50% for pion-nuc
l eus colli s ions and o f about twice f or proton-nucleus collisions 
for targe ts f rom 1 ~С to 2g~u at cons tant energy value. 
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ТаЬlе 2 
The multiplicities <n ь<Р ) > А of charged particles 

d d " clp pll"" · pro uce 1n proton-nuc eus со 1s1ons, calculated us1ng 
formula (1); Рр is the incident proton momentum in Lab . A 
denote s the target nucleus. 

А /~ 19 24 32 60 102 205 290 405 500 1070 l'+ЬО 

с 5.2 5.8 6.3 7.6 8.6 9.8 10.5 11.3 11 .7 1;,.4 Н.1 

н 5.3 5.9 5.4 7.7 8.7 10 .0 10.8 11.6 12.0 1~.7 14.6 
о 5.4 5.9 6.4 7.8 8.8 10.2 10.9 11.7 1L.1 1;,.9 14.7 
F 5.4 6.1 6.5 8.0 9.1 10.4 11.4 12.1 12.6 14.5 15.3 
Ne 5.4 6.1 6.5 8.0 9.1 10.4 11.4 12.1 12.5 1't.;, 15.2 

А1 5.6 6.3 6.8 8.4 9.4 11.0 11.7 12.7 1;,.3 15.2 16.1 
Si 5.7 6.3 6.8 8.4 9.4 11.0 11.8 12.7 1.,.3 15.3 16.2 
s 5.7 6.5 7.0 8.5 9 . 6 11.2 12.0 1;,.о 1;:,.6 15.9 16.5 
Ar 5.9 6,5 7.4 8.8 10.1 11.9 12.7 13.8 13.9 16.3 l7 .7 
Cr 6.1 6.7 7,6 9.0 10.6 12 . 4 13.3 14.5 14.6 l7 .3 1Ь.5 

Fe 6.2 6.9 7.7 9 •. 1 10.7 12.6 13 . 5 14.6 15.3 17 .ь 1Ь.Ь 

Со 6.2 6.9 7,Ь 9.4 10.7 12.6 13.7 14.7 1t.4 17 -~ 1s.o 
Cu 6.5 7.2 7.б \:1 .6 11.2 1;,.1 н.о 15.0 16.1 lb.'r 19.6 
Zn 6.5 '1.2 'l. 8 9.7 11.2 13.1 н.о 15.0 16.1 1о.4 19.6 
Ge 6.7 7.4 в.о 10.0 11.5 13.'+ 14.'+ Н.6 16.5 20.0 2U.5 

Br 6.8 7.5 8.1 10.2 11.4 13.4 14.3 15.4 16 . 9 19.5 19.ь 

.Ag 7.1 7,8 8.9 11.0 12.6 14.8 16.1 17.2 1Ь.1 <:1.6 22.ь 

I 7.1 8.1 9.0 11.7 13.3 н.8 16.8 1б.4 19.4 <:~ . 1 24.2 
Хе 7.5 8.2 9.1 11.9 13.4 15.9 18.3 1В.7 19.6 23.1 24.7 
Та 7.9 9.0 9.9 12.9 14.6 17.8 18.9 20.9 21.8 26.4 ;сь.4 

71 7.9 9.0 10 .о 13.0 14.6 17.8 1Ь.9 21.0 а.9 26 . 4 2 ь.5 

AU 8.0 g,o . 1о.о 13.2 14.9 18.2 19.5 21.4 21.6 27.1 29.3 
РЬ ь.о 9.1 10.0 13.4 15.3 18.б 20.0 21.7 22 .6 27.4 29.4 
u 8.4 9.6 10.5 14.2 19.5 19.5 21.1 2~.2 24.5 29.6 ;;,1.5 

2. For each nucleus used as target the mean number .of produ
ced charged particles increases about two times in the momentum 
range 16-147 GeV/c of incident pions and about three times in 
the momentum range 19-1480 GeV/c of incident protons . 

3. The dispersions in the above-mentioned hadron-nucleus 
collisions change also regularly and slowly. For each conside
red momentum of incident pion they change frorn С to U about 
two times, for incident protons even slower - about 50%. 

4. For e ach considered tar3et nucleus the dispersion incre- . 
ases with growing momentum of incident particles (in the above
menti oned momentum ranges): f or incident pion s about 2.5 times, 
for incident protons about three time s ; the rate of increase 
is smaller for heavi e r elements. For t he heavie s t elements and 
protons above 1000 GeV/c the dispersion shows even а sma ll 
decrease. 
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ТаЬlе 3 
Dispersions D of the multiplicities of produced particles 
in pion-nucleus collisions, calculated using formulae 
(2)-(5); Р is the pro j ectile momentum in Lab. А denotes 
the charged nucleus. 

тт - А р - А 

А / Рь 16 5О 14'7 19 10 2 405 10'70 14Ь0 

с 2 . 4 4.1 h h 3.0 t.1 '1 .о ь.ь ь.'l .. ) . '"" 
А1 2.В 4.5 Б.9 ~.5 5.9 ь ,, 

oL ~.Б 10 .~ 
Fe 3.2 5 .0 fi.6 ~ .9 6.9 ~j . 5 1l.D 1l.b 
Cu 3.3 5.5 '1 .о 4-.1 '1.~ 9.В 11.6 12.1 
Br ;; .• 5 6.1 7.9 4. 2 '1 • 9 10.2 12 .0 12.5 
Ag :_, . 9 ().1 7.9 4 h . ;) '1. 9 10.9 12.6 12.'1 
Хе 4.0 6.2 8. 2 4. 7 ь.о 11.1 12.5 12 .~ 

\'l 4.0 6.8 9.3 4.6 6.1 11.1 11.5 1l.b 
РЬ 4-.1 7.0 9.5 4.6 ь. 'l 10.9 1l.D ll.U 
u 4.6 '1.4 10.1 "!.7 ь . ь lO . b 9.1 ~.2 

4. COMPARISON vПТН EXPERIMENTAL DATA 

Some of the predictions of the free-parameterless model 
obtained in our calculations were compared with appropriate 
experimental data and are presented in Figs. 1-4. Predictions 
given Ьу the model agree well with corresponding experimenta l 
data. The model reflects well the energy- and А -dependences 
of produced particles and of their dispersions. 

Fi3 . 1. Multiplicities <n 8 > = <n сь> 
of produced "shower" particles 
for proton-nucleus collisions 
in emulsions at various momenta 
р in Lab . . of the proiectiles. 
Sblid line - calculations, 
open circles - compiled data 
from the work of А. Gurtu 
et al .l 131. 
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Fig . 2 . Dispersions D of the 
mul t iplicities of pr oduced 
"shower" particles for proton
nucleu s collisions in riuc l ear 
emulsions at variou s momenta 
Рр of t he projec t i l es . Solid 
l1ne - calculations , open 
circles - complied data from 
the work of Tsai ChU et ar./ 14/. 
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Fig.3. А -dependence of the 
multiplicit y <n ь > of pro
duced particlesг1n proton
nucleus collisions at 
300 GeV/c. Solid line - ca lcu
lations, Ьlack points - expe
rimental data from the work 
of J. R. Florian et al. 1 151 : open 
circle - experimental informa
tion from the work of Tsai Chii 
et al . / 14/ . 
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Среднява Б., С тругальека-ГолА Э . Е 1-8~- 4 11 
О характеристиках nроцесса рождения частиц в столкновениях адрон-ядро: 

нно•ественности и дисnерсии 

Нно•ественности , т.е. ~редние числа рожденных частиц в столкновениях 

адрон-ядро и дисnерсии средних нножественностей вычислялис ь в ранках модели 

Стругальского. Вычислены энергетические- и А-зависимости нножественностей 

для 2~ ядерных мишеней от 1:с до 2~u для nион-ядерных столкновений nри 
19 + 1~7 ГэВ/с и для nротон-ядерных столкновений nри 19 + 1~80 ГэВ/с. Значения 
нно•ественностей содер.атся между ~ . 9 и 13,6 для nион-ядерных столкновений 
и МеждУ 5,2 и 31 , 5 для nротон-ядерных столкновений . Дисnерсии рассчитаны 
для 10 ядер не.дУ 1:с и 2~в таком же диаnазоне энергии . и меняются от 
~ . 2 до 10,1 для nион-ядерных и от 3,0 до 11,0 для nротон-ядерных столкнове
ний . Имеется хорО.ее согласие с эксnерименталь ными данными , 

Работа выnолнена в Лаборатории высоких энергий ОИЯИ . 

Соо6•еиие Объеднвеввоrо института ядерных исследований . Дубна 1984 

Sredniawa В., Stгuga1ska-Go1a Е. Е 1 -8~-~11 
On the Characteгistics of the Pa гtic1e Producti on Process in Hadron
Nuc1 eus Co11isions: Mu1tlp1iclties and Dispersions 

Mu1tip1icit ies , i . e., the numbers of part ic 1es produced in hadron-nuc-
1eus co1 1isions and di~pers i ons of t hese mean numbers are ca1cu1ated as~ 
suming the free- parame t er1ess mode1 of Struga1ski. Energy- and A-dependence 
of mu1 t i p 1 i cl t ies а г~ са lcu1ated for 2~ nuc 1 е i from 1: С to z:u for р ion
nuc1eus co11isions in t he range 16- 1~7 GeV/c and for proton-nuc1eus co1-
1isions between 19 and 1480 GeV/c. Hu1tip1iёities are comprlsed between 
~.9 and 13.6 for pion-nuc1eus co111s lons and between 5.2 and 31.5 for 
proton-nuc1eus co111sions . The di~ersions of mu1tip1icities a re ca1cu1ated 
for 1 О е 1ements between 1:с and 29'2u i n the same energy ranges and vary 
from ~.2 to 10 . 1 for p ion- nuc1eus co11isions and from 3.0 to 11.0 for pro~ 
ton-nucleus col11slons. The agreement with avallaЬ\e experlmenta1 data ls а 
good. 

The investigation has been performed at the Laboratory of Hlgh 
Energies, JINR. 

Cogaunication of the Joint Institute for Nuclear Reвearch. Dubna 1984 

~ 


