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An interest for investigations of the inelastic interac-
tions of fast hadrons with nuclei has increased after the
last results concerning the question of the generation-and .
cross section of hadron com/plexes inside nuclei.. -
~ A number of papers /1=5/ are devoted to the foundation
of the .question that-particle collisions. with nuclei are a -
real test for the multiple generation mechanismof particle
in the interactions of hadrons with nucleons. ..~ .

‘In order:to distinguish two groups. of multiple produc-
tion models in hadron-hadron collisions: models of direct.
particle production in hadron-hadron collisions (multi-
peripheral and dualresonanse) and models in which partic-
les are generated via intermediate states:(’’nova’’ model,

fragmentation models,  fireballs, -etc.),. the.authors of.

papers /23%5/. propose to use the nucleus as an analy-
ser. .. .. ST S : R
Wider information about particle generation in the -
collision of fast hadrons ‘with nuclei, about their inter-
actions in nuclei and about nuclear disintegration can be
obtained using photoemulsion technique.All this informati-

- on depends on the atomic weightof nuclei.Thatis why in our

work we .have .used two kinds of emulsions, the ordinary
kind and one enriched with light nucleiof C, N, H,

0 (by adding CH,OH ). This makes it possible to divide. .

reliably the interactions into those occuring with C,N,

O and those with Ag ,Br .. . By o
The / 6t;chnique ‘and preliminary results were reported

inref. /% e HE T



" sented for the proton collisions ‘with nuclei.

»

' The experimental data.on the interaction of .60 GeV /c

7~ -mesons” and. 70 GeV/c. protons with nuclei are pre- -

sented and discussed in this paper for elucidating both
the mechanism of multiple -generation in hadron-nucleon
collisions and the behav1our of generated part1cles 1ns1de
the nucleus.

Data concerning- nucle1 d1s1ntegrat10n are used as much
- ‘as necessary for this purpose.

Table I presents the dependence of the average values
characterlzmg .particle ‘generation for some groups of

- nuclei and their disintegration.

For comparison the -table also presents the mean .
‘number  of charged particles, <n": > " and  median
angles, <6 1—-> averaged for 1nteract1ons w1thprotons and
" neutrons. ,

F1gure 1 shows the N hdependence of the ratlo <N >/
<n > :.for the interactions of pions and' protons w1th
nuclei C , N, O'and-Ag:, ‘Br - and ‘presents ‘the results
of ref. /7/- -for the 1nteract1ons of 200 GeV: protons w1th
all-emulsion nuclei/?/ .

Figure 2°- presents the dependence of <N
on the 'atomic weight. :

In: figures 3a and 3b, <N
and:<Ng->-

>/<n‘H

>
“.'as'a funct1on of N

--as:a -function- of Ng ‘are. respect1vely preL

F1gures 3a-

and 3b ‘show a linear dependence of Ng “and" N,

. Figure-4 presents-the angular distribution of g- par- :

ticles for the collision of protons with nuclei. In fig. 5

. you can see the pseudorapidity dlstrlbutmn (fntg 6/2°)
for the collisions ‘of protons w1th protons and w1th nucle1 o

C ,N,0° ‘and ‘Ag, Br.
Let us-at first discuss the most general parameters
the mean number of showers, <N >, andthe mean number

~of g- part1cles (rec01l nucleons)<Ng> which character1ze 5

~

particle generatlon in hadron-nucleon coll1s1ons and the1r S

subsequent: interaction w1th nucleons 1n51de ‘the nucleus

4 In the model, which assumes direct particle productlon
,1n hadron- hadron collisions anda. subsequent development
of mtranuclear cascade in the interaction of secondary
partlcles w1th nucleons 1ns1de the nucleus

, these cha-"

4 -

4159+o11

- hadron mteract1on As a results of this -
-leading part1cle cannot interact with subsequent nucleons

racter1st1cs are respectlvely <NS >= 11 8+ 0 6 and <Ng>—

-=5.5+.0.2 for the interactlon of 5. GeV protons with the |
$ ; ] QI our. results <N >=

. ~as . a unctlon of energy, the
model . predicts that this rat1o increases with increasing

energy. For the interaction of protons with emulsion-nuc- -
lei this ratio is ! 97 at 75.GeV And 2.8 at 200 GeV. From
~ the comparison of our results with the data of ref Lo

CeV

it follows that this ratio holds within errors ( R =

- 200 CeV : T I
+ .
R e 1.7 0. 1) e

The authors of- ref /9
discussed model which is called mult1part1cle one. Th1s
model con51ders the -development of the cascade process
in s1multaneous interactions of several produced part1cles

-collimated- forward with  the’ nucleons inside the nucleus.

Accord1ng to this model <Ng=9.3+ 0.5 and <N. g>=3.45 *
'+ 0.20° for the interaction of protons 70 GeV/c with the

“mean —photoemulsion nucleus. -The value of Rgm in. th1s

model slowly increases with: increasing energy (RE -
=1.6, R300CeV - 1.8). - The authors. of.:.this- model

1ndlcated m 7/ 8/ that the mechanlsm of multlpartlcle inter-

actions 1nd1rectly takes into account the possibility of

hadron complex production in hadron- nucleon interactions.

The- fundamental of the. two-tact model is to generate -
. exc1ted states in hadron-hadron collisions.. . The evolution -
-of- such systems and their interaction -with nucleus are

con51dered It .is assumed also that the cross section of

this mteract1on is equal to or less than that of the hadron-‘

hadron coll1smn Some of these: models consider such sys-
tems as an exc1ted states of. the coll1d1ng part1cles (for
example d1ffract1ve excltatlon 2,3/

' Let us dwell upon paper 4/
hadronic complex is produced in the 1nelast1c hadron-
"collision, the

/, propose a mod1f1cat10n to the :

) The others take [into.
account, apart from the excltatlon of collldmg partlcles

- one. or more exc1ted complexes AT
It is: assumed that the,



.

.. inside ‘the micleus because it haS’little t1m'e'for recover-' -

‘ ~ing its own’ field /19117 1 ref. “the authors con-

-+ ‘sidered; theincrease of the complex size as a- result of

. its extension; losses of some of its k1net1c energy and the
-change - of the complex internal energy, due to its sub-

~ sequent -collisions with nucleons of the nucleus asa func-

-tion - of ‘the ‘Lorentz-factor ‘of this’ complex in the ‘given
-‘point -of the: nucleus. The. leading partlcle and complexes

~flying ‘forward in the c.m's’ ,'decay: mto 1nd1v1dual partic- B
~ les’ outside - the nucleus due to the Lorentz delay fthelr-

“rown'times!”

Let'us" cons1der the predlction of the two ta;:t/modela :
this =~

for the energy dependence. of R gy, . . In ref.
ratio is independent of energy and equals 1.88. Paper/ 4/
- gives RE,,, = 1.6 also 1ndependent of the energy of 1nc1-
dent particle. - .

‘In these works - <N=> /<n ch>= R versus " the ‘atomic

weight of the target (R-A" ) has beén 1nvest1gated The

authors predict a weak dependence of R on A Inref. /2:3/

'~ 0.25;in ref. 74 /on= 1012 and accord1ng to ourdata

n'=.0.18 % £ 0.04.

Considering the correlations between “the mean number
of s -particles generated in the interaction " of hadrons
‘with-the nucleus and the: numberof - h -particles characte-
rizing the excitation of this nucleus’ <N >/<n g > =f(Nh )
f"Figure ‘1 shows that the ratio R holds within errors
when- : the 1nc1dent proton energy varies from 70 to
200 GeV ( Nh ~in fixed). As'a result of such behaviour
" ‘of ‘this ratio, the authors of ref.’ conclude that the
‘energy" dependence of <N_'>is 1mp11ed in the energy: de-
pendence: of <n. oh smce f(N: h- - istar function of Np, -

only.: Note that the ‘two-tact" mechanlsm wh1ch g1ves the

‘same” ener y dependence of <N > ~ for all the nuclei

“(see ref.” ) agrees with th1s conclus1on Paper/4/

-also ‘gives’ the ‘constancy - of " R= -R(N} ) w1th changlng \

‘energy (see the calculated curve 1n Tig. 1)
‘It is. of 1nterest to perform an’ analys1s of the data on
"-particles which ma1nly include: protons ‘with an’ energy

‘up to+0.5" GeV Accord1ng ‘to. the PN scatter1ng data in

: this energy range no b1g change 1s expected In the spectrum

6

A p , ¥
and angular d1stribution of g-particles when rescatterlng

_ 1ns1de -the nucleus takes. place. This 'is illustrated:in:

fig. 4. Consequently, g -particles: can be assumed to be-

”spectators” in_ the: mteraction of. fast part1cles w1th
“nucleons. inside the nucleus.

Assummg that g -part1cles are produced in’ the mter- .

‘action of primary hadrons and -secondary - s-particles
~ inside the .nucleus,. let  us_estimate -the collision ‘multi-
,p11c1ty of one-half of s-particles, flying backward in the
‘c.m.s.’in the hadron-nucleon interaction. This half can be :
‘created  due to the decay of slow ‘complexes inside the" -
" nucleus: In our case one -half ofs-patlcles including m .S 1s :

N> 3y 2

: A2 .2 . _ .
‘ Takmg into account neutrons 1n the hadron hadron"
interaction at 60-70 GeV, <n " 0.6. Using the increa--
se_of -the :number . of g- particles for the: nuclei groups
(neutrons are taken into account), in compar1son with the -

~hadron- hadron interaction, and assuming that about. 0 8,

8 -particles are ‘generated in- each collision" of an-
particle, we obtain the .interaction mult1p11c1ty of -par- :
ticles to be ,:,-04 for C ,N:, O - and - - 1. 6 for: -

'Ag,Bl'. ‘ //

These values are close to those estimated 1n ref
They are ~ 0.6 for A =.14 and ~ 1 5. for A—' 95 for
Onp = 22 mb - A

Consequently, the values of . <N > (1n .table I) can
be explamed by . the mteractlon of one half the part1cles :

: produced in the hadron nucleon c0111s1on ins1de anucleus.:'

Let us. ‘consider the behaviour - ‘of the leading part1cle
and fast particle complexes inside the nucleus which fly -
forward.in. the ‘c.m.s. of hadron ‘nucleon from - -the p01nt_’
of view of the two-tact mechanism. Their weak interaction
with the nucleus can be considered on the basis of a com-
paratively weak dependence of <N_> on the atomic weight
(fig. 2) and coincidence of the pseudorapidity d1str1but10ns ,
(fig. 5) in the interval from -7.8 to -3.0.At the same time

- the difference of the d1stribut10ns at pseudorapidities

larger than -3.0 is explained by the. development of the 3
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cascade mslde the nucleus due to the decaay of slow hadron‘t

complexes '.as earlier- noted -in: -refs. Thus ‘the

- conclusion. drawn:earlier when- g -part1cles were under.
study-is conflrmed :Let us- comparemTable II ‘the median’

angles of: emission s - and g: partlcles for C, N 0

‘and. Ag ;:Br with the pred1ct1ons/4/ 3R e

However 1t should be pomted out that the def1n1tlon of;
.the inelasticity : coefficient -and. momentum spectrum of: ,
fast particles with-different- charge- -signs,-as a- functlon'm' :
of :the atomic -weight is" essent1al .for - testing the models:’
the melast1c1ty coeff1c1ent 1sv.«.f

(e.g., according to ref.” 14/,
weakly dependent on A )

Finally, from the data analysls of TableIand flgs 1 2 ‘
it follows that <N &> and <N, > are larger for the 1nter—,

action-of: protons than that of »~ ~mesons “with nuclei.

This - difference can be-explained -if-we: assume that'the -
'mteractlon ‘Cross: sectlon of the-complex insidé the nucleus:
from the PP : colhslon is larger. than thatform the »~P .
collision (S1m11ar to that the proton- -nucleon cross section
is ‘-by a factor of 1:4 larger than ‘the plon -nucleon one).
~As an illustration’ of this" assumpt1on we present the
ratio between the mean values: of g- part1cles for proton C
‘and 7~ -mesons accordmg to the nucle1 group » '

<N > <N, ARSI
I .”_125+015 ____E_L. .-132+o12
<N,>  G,N, <N >; Ag,Br .

- Thus “the: bulk .of- the obtamed data agrees w1th the"‘"
two-tact model.: This supposes: complex generatlon in' the -
hadron-nucleon COIIISIOD and dlfference in the interaction .
of these complexes W1th the. nucleus versus the1r rap1d1- _

ties in the lab. system

Consequently, the. study of the coll151on of fast hadrons-;

with. nuclei opens up new mterestmg poss1b111t1es

.

.Ta‘hle,I’ g :
E
9T~ 60 GeV/c -
SN LA R4S IR N0
c, M0 | | 7m2| om2| es| 256 | 8.8°
+ 0,24 +0,08| +0,40 + 0,13 |+0,8° "
Ag, BT 92| 8.89 2,26 | * 4.80° 7.06 | 16,49 :
|+ 0,30 :030~ﬂ30’5mW‘ + 0.6°
Nucleon I nsﬂ:S h ‘ ; o
' 6.2 + 0.2 SR s,
P 69 GeV/c' _, L
B - . . . < . S |
- : LA> <Ns? .‘Ng? <> »(_Nh> ,65!1/2 g.g'/a
¢, N, 0 | a4 | 7.53| o0.90]| 2.57| 3.47| 9.6°| 60°
‘ 0,27 | + 0,05] £ 0,13 20,75 | +'T° |+ 3°
ag, Br | 92 [10.53| 2.98] e.67]9.58 | w.0°
<. jo.musl+0.,10]|+0.5 |.0,60]+0.5 |+1°
Nucleon gl I ns-i-ng = By - .
6.0 + 0,2

66,4
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Fig. 5. Pseudorapidity distributions for the. interaction
of protons with protons, with C ; N, O and Ag , Br
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* Pseudorapidity with the sign minus co}ncides with the
Lobachevsky inverse function applied to/T4 for relativis-
tic particles. o : :
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