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Summary 

Photoemulsion~ of two types, the first 
having ordinary composition of nuclei, the 

:·second enriched-with light nuclei such that 
the ~vy nuclei comEQ.rum.t_s Ag_, Br are 
decreased by a factor of 2.5, were exposed 
to 60. GeV/c "--mesons and 70 GeV /c proton 
beams= This enabled theseparation of the 
interactions with Ag. , Br from those ·with · .. 
light c I N I . 0 • 

Data concerning_particle generation and · 
nuclear disintegration· were obtained· froni 
these two groups of emulsions. A-comparison 
has been made with the models-dealing with 
the interactions of fast hadrons with · 
nuclei and· also the ·question about· hadron · 
complexes (the following . terms are adequate 
"the. C0IDpleX 11

: ·.fireball, excited StateS 1 

nova) in inelastic •interactions with nuclei 
has been discussed. 

~·- ': ··~-- -
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Introduction 

. Investigations. of the interactions of fast hadrons with 
nuclei are of interest to the:fields of elementary particles 
and nuclear. physics. This interest has particulary 
increased . after the last results concerning the question 
of the generation. and cross section of hadron complexes 
inside nuclei. . . . . 

In refs. /1,2•3; ·the interactions of 60 GeV /c ; --
mesons with :Q!lotoemulsion nu.clei and in refs/4 •5•

6
/ ·those 

for 70 GeV /c protons have Geeiiiiivestigated .• 
Papers /B,9/ were devoted to the foundation· of the 

question that_ collisions with nuclei were a· real test 
for the generation mechanism of particles in the inter.;.. ~" 
a~tions of elementary particles with nucleons. . 

At present, wider information can be obtained using 
photoemulsion. technique, that gives illformation first 
about particle generation during the collision of fast 
hadrons :with nuclei, second about nuclear disintegration 
which is connected with first. Information obtained from 
the second type, will also lead to more information about 
the first kind and also their subsequent . interactions· 
inside the nuclei. Indeed, all these questions depend on 
the atomic weight of nuclei, but using emulsions with 
only ordinary type composition it is impossible to divide· 
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the interactions into those occuring with Ag , Er · and 
those with c, N, o . Tliat is why in this work we have 
utilized two· kinds of emulsions, the ordinary kind and 
one enriched with ~ight nuclei in which the heavy nuclear 
component (Ag, Br) . has been decreased by a factor of 
~umeunits. 

Experiment 

BR-2 photoemulsions (denoted by I) and emulsions I 
enriched by ethylene glycol ( 01 2 OH >n (denoted by II for 
"--mesons and by III for protons) were used in our expe_.· 
riments. The nuclear composition of these photoemulsions 
is given in Table I. 

Photoemulsions I and II were exposed at the Serpukhov 
accelerator to 60 GeV I c "--mesons, photoemulsions I· 
and III - to 69 GeV /c protons~ . . 

. The size of photoemulsions I was 10 X 20 em 2, their 
thickness _. 600 fLC. The size of photoemulsions enriched 

. by ethylene glycol was 10 X 10 cm2 ~- the initial thickneSS -
400 ll c. After soaking the volume was Increased by a factor 

· of 2.68 (II) and 2.5 (III), the linear dim'ensions, the thick
ness of photoei:nulsions II and III- by a f~ctor of 1.1, 2.21 
and 2.1, respectively. After developing the thickness of. 
photoemulsions II and ill 'is:-the same as'that of the deve:
loped photoemulsion I as a result of washing out the ethy
lene glycol in the course of development. Therefore the 
shrinkage coefficient of these .. emulsions is larger than the . 
usual one by a. factor of ~2.1. Correspondingly the slope 
angles of secondary particles to the plane ofthe developed 
emulsions n, III are decreased in ·comparison with those 
in the developed emulsion ·I thus leading to increasing 
of star search efficiency. _. · . - · 

·The blob density hiemulsio~ I was 33 per 100/lc, in 
emulsions II and . ill it was 21 and i 7, respectively. 

Events were searched for along the· beam tracks. All 
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· 1.) the events including one-prong stars at an angle 2 6 mrad . 
to the primary-particle were detected. · · 

· These results are .shown in Table II. ~-
Due to ·addi!~vity of tlie nuclear composition of emul

sion I.and CH2 0f:l , the interactions' in emulsions II ;'lnd III 
·are considered as a· sum of interactions with emulsion I 
nuclei and OJ 20H nuclei. (H,C,O). - ·- . 

In order to determine the number of interactions with 
-: . c,o nuclei of OJ :PH at first, interactions with. free p_:t:Q:: 

· z )~ ( ~ 4% of t!,le • .to!al imrok~t..m.&m1tl§!Q,Q.j__and - 7~a..anct 
.; · -...!9J'a.Jn_emulsions..II~'!J! .. dJllaf).itfollows from the hydro- · 

gen content in these emulsions) are subtracted from the 
·stars; ·with that end in view the stars corresponding to 
pp -events have been selected by ·application of the usu~l · 

'!· ... 3\ criteria~ Furth~r we subtract the eventsof'coherent ge!le:.. 
. ,-p L~J.iQil.....OllJlJ!~, emulsions I,.II, ap.QJJJ.. The number of 

stars. in emulsion I after subtra<;ting . p p , and coherent 
events, found along a length ·L 1 , is denoted by N 1 ; the 
numbers of stars in emulsions II and III, found along 
length ·Lu and •L III ·after a similar procedure of sub-• . - . . ' 

traction,. ar~ denoted by N 11 and N III . For ·example; 
" .. , :· . N III.(C, 0 ) , the number. of (stars. on. nuclei C; 0, in 

'·: ~.··ethylene glycol for emulsion III,. is equal to· I : , .. :-- · -~ \. 
r .. -.. " ~ r • 

• .. 
··:· .... ·. -,.( ·) · N j . ·L III 

···:N ·. C,O =N --. -· --
. • . . III _,III -.V/VO .. ·LI (1) . 

U~ing the d~ta of Table. II and formula (1) we obtain that 
N11 __ (C,0)=147; l'liii (C,0)=139. The values·of<N

8
> as 

a !tinction of. N h . for N 1 and N1( for "- -mesons 
are . ·given in fig.l. The_ N~/N h distributions for 
N 11 (C,O) areshown in fig. 2 and for ~III ((:,0) - in fig.3. 
· · Using the'" Nh distributions· of c,o ·nuclei from OJ

2
0H 

and assuming that the Nh distributions of nitrogen nuc-lei 
. are similar to the first ones ofNn (C,O) and N

11
j (C,O) we 

obtain the distributions of Nll(C,N,O) and N
1,

111 
(C,N,O) for 

the pions a~1d protons from those of N i.n · and N
1
,
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To calculate the number of st~rs on nuciei c: N, o in 
emulsion I from_ the values of N I , we used .the nuclear 
composition of emulsion I and the cross sections of the 
interaction with nuclei. This gave - 23%: of interactions 
on nuclei C,N, ,o. _ 

The N8 /N h distributions of N I. II ( C, N, 0 Y and 
NI,III (C,N,O) obtained by this method agree \Vith the 
distributions. of. N II ' ( c, o) and N m ( c, o). Later on the 
results are summarized. · Figures 4a and 4b show these 
total . . distr1butions: N II ( c, o) + N

1
, II · ( c, N, 0) and 

Nm (C,O) + ~ I,III . (C,_!Il ,0). In order to obtain the 
. N8 I Nh distributions. of Ag ~ Br · ·nuclei, evidently one must 
take the . differ~nce of the distributions for pions .and for .. 
protons N...,.. N (C ,N, o) ; The obtained distributions are shown 
in figs. 5a and 5b, respectively, They a·re free of all 
speculations done in attempts to obtain the distributions : 
of Ag, Br nuclei (selection according to the number of 
prongs N ~ 6 or N ~ 8, path criterion,· etc.) 

As ·is seen from figs. 5a and 5b, the fraction of stars 
with N~ ~~·is -§1% and 48% for rr- -mesons and protons, · 
correspondl.rigly :: Thei·efore a comparison. with the results 
obtaine(by usmtl nietllods, where this fraction is equal 
to 0, has not been made. · 

Results 

The experimental data on the interaction of 17- -mesons 
and. pro~6ns· with nuclei are presented in this. paper for 
elucida:ting the mechanism .of interactions of fast hadrons 
with nuclei; data concerning nuclei disintegration are used 
as much as necessary for this purpose .. 

One should take into account that the difference in 
energy of. primary "-;..mesons and protons is not large 
enough.· This difference is especially insignificant because, 
according to .refs./12

•131 • the values of <ns > in colli
sions with free nucleons are practically equal. In accordan- · 
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{ 
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. I'. 

l 

t 
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ce with this, some results in our tables and diagrams 
are presented simultaneously. _ . 

Figure 6a givesfor ·17_- -mesonsandp:rotonsthevalues 
of <N s > • as a function of the number of particles (N h) for 
nuclei C, N, 0 . and Ag, Br·; 

T<ible m presents the dependence ofthe average values 
characterizing particle generation for . some groups of 
nuciei andtheir decay. . . . . ·' . . . . 

.. For comparison Table Ill also presents the mean num-
ber o{ charged particles <nch > . and angles (} s,I/2 aye~ _ _......---
raged for interactions with protons and neutr_ons.~·-----

. Figure 6b shows t~~m!ence-of·U1entio <Ns>/<n > 
onNh for !!!~interactions of,pwns•and protons.withnucrer 

.. -~or Ag, Br . and presents the results of ref. 171. 
---~ for the interactions of 200 GeV protons with all the nuclei 

-··. . .. . . -· . . '-----" 
.;.of einu]Bions: As is seen ·from _fig. 6b, one can ob~erve · 
.. - ,, .. ~ , .. · . . ' . . ' . ' . . . 

a small difference in the data behaviour for 70 and 
200 GeV. 

Table ill shows a weak dependence of. <N 8 · > on ·the·. · 
atomic weight. One can also see this weli in fig. 7 .in~which 
the line A 0 •26 ··is taken from ref. ~W: 7 ._and· ··the. lirie 
A 0 •

1 has been calculated using the valuesof <fi.ch ·> for 
collisions with nucleons from Table Ill. · · · ·· 
. Figure 8 from ref. 171 ·presents the vaiues of <Ns :> · as · 

a function of primary proton momentum. In the same 
figUre our . point for the ·interaction with all the nuclei of 
photoe·mulsions is plotted. The. figure also shows the cal
culations 1151 for·the intranuclear cascade in the model of 
multiparticle interactions.· (In. this model it is assumed that 
the collision of the fast hadron -"with one of the nucleons . . . 
inside a nucleus takes place. The produced particles 
flying forward in a narrow cone·have nearly equal veloci~ 
ties arid interact with the same of subsequent nucleons. 
In ref.l161,' while. interpreting the i.Iiferactionsof60GeV/c 
17- -mesons with nuclei, it is supposed to decrease, the 
density· of nucl~ons in the nucleus for subsequ~nt coni.:. . 

· sions of the cascade with the first interactions. H()wever,. 

9. 
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Table.m 

>60 Gev/c 

<A'> .<Ns)- -~Ng) ·• 
(Nb) (Nh): 6

8 
I/2 

' . .- , 
c;N,O -I· I4 ,- .. 7~42 0.72 I.84 -· 2.56 

. c. 0 
. 8.8 . 

+0,24 !_O,OS £O,I +O,.I3 . +0 8° 
.. - - . ·- ' 

~-

.--· 

Ag, Br 92 s;sg- . -2.26_ 4~8( 7.0(? ·o . I6.4 
-·-~-...,--~---·-~ 1-- ••••. . • . 0 

-!,0,30 !_0,?0 t0 13C t0,37 0 ·!0.6 . 

•: . 

~ucleqn ·I ns +,ng= nch . 
~-

'•"': 60 .. 

6.2 t o.2 
. •· 

P '69 GeV/c ·· · 

;, .. .. 
"• ~,~ <A.> <N-) (Ng). (Nb) . (Nh> e8 ,I/2 . e

2
,-I 

l 
s 

. . " 
. -

C,N,O . ... I4 . 7.53 ·. 0.90 _2.5'i . 3.47 
.. 0 

. 9.6. 
. 
60° 

-

t0,27 t0,05 't9.~~ t0 1 I5 +Io .. + 3 
.. . . -

Ag-;Br . 92 . I0.53 . 2.98 6.6 ! 9.58 I4.0°;·_ 66, 
·- '~< 

t0.48 tO.IC t0.5 +0 6. - ' +0.5 +Io . < .-, ., 
. 

.. -
leon I n +n = n h -

6 5° s g· c 
,· .. 

I'!' ro. •. ·n n 
_, . .. 

Nuc 

.-

The average effective atomic weight <A> has been cal
culated -taking into account the composition of emulsions 
I, II, III and the cross sections of inelastic interactions 
with nuclei according to ref. 1141 

10 
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0 
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T 

in this\case the time factor ofthis process is not consi
dered. Both the models 115 'w ·lead to decreasing the va
lues of <N 8 > ,' <N > and, according t9 V.S.Barashe~kov, it 
is n:ecessary to gconsider them simultaneously taking into 
account the development of the. process in time) .. 

Iri ref. 191· on the basis of the simplified model of the 
usual intranuclear cascade the value· of <N

8
>/<nch > ··as 

afunction ·.of primary proton energy and nucleus atomic 
weight has been calculated. These results and the data of 
this paper for'protonsand pions are _sho-wn in-fig. 9. The 
present data agr~e with-the''comp"ijjl;ited curve for protons 

' . '\ . -<~-.--- . . at70.Gev.- '_ '/ · -~------
'-..:. . -~. "--...... .. 

Let us· consider the. angular distributions of secondary 
particles. Figure 10 shows the dependence of the number 
of particles N8 .. on their emission angle in the lab~ sy~tem 
for- the collisions of protons with light nuclei and Ag, Br. · 

· 'Figure 11 gives the 'same dependence of the number of 
particles_Ng for· the intei'actions orprotons witJi''light 
nuclei and Ag, Br .. The. figures show· a \\reakdependenceon 
the ·atomic'weighf.' . . 

Figure· 12 presents the· dependence £og ig o '(at these 
energies this value is nearly equid' to rapidity) for the 
inte·ractibns of pions with protons, -light nuclei and Ag , 
Br • Figure 13shows ·similar qependences for.the colli-
sio.ns with protons. '. ~.'. . .. . . . . . . . r~ 

. Let us summarize the obtained results ·and compare 
them with theo:r'eticafmodels. · · · · · · - , . · 

l. One canob~e-rve aweak dependence of<Ns> onthe'. 
atomic weight -An , where O.l< n < 0.26. This is in 
agreement with' 19' 151 •.. : . . . - . ; 

' ' ·The vaiue pf <N s ; is less for the interaction~ , of 
60' GeV "- -mesons than. for 70 _ GeV _protons altliough in 
the_ interactions with nucleons <n > is somewhat larger 

. . • . . . ·-- .• -S .. ' -. - • for·"- ;..mesons;-· ,. · . · .. _. · .- · --- · · 
2.'The ratio<N 8 >l<n:h >- ~3.-.fun_<;.tion...oQi~ (fig.,6b) 

at 70 GeV is Mclose to-tliat i0r2oo dev protons 17 ~ • - - · 

II 
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i 
- 3. The values of<Ng > and <N~ > 'for protons areless f .. , Note that ill ref. /IS/ ~t .has been concluded 'that f~~ 

than the calculated ones in ref./1 5 
• • 1 - agreeniept- of the diffraction generation __ modeL~w1th 

. - . ~·. ' -~ .. 
4. The: ~gular distr~butio~ of_ s -particles for'pro- \ experiment it is necessary. to~ssume that ~he cross 

tons ar.e srm1lar to those for 11 - --mesons. i -section for excited nucleons-1s~less _than that for nucleon--
~he bulk of these data cannot be explained by the usual {1-. nucleons. _ ~~ ~--;-~ . _ -- _: . .-- _ . 

cascade model (similar to that as' shown in a series of 1:_ - In:.::conclusion it should be noted that investigations of 
papers). The model of multipartiele interactions /IS!_ agre~ -~i ~hi collision~ of fast hadrons \Vith nuClei g!y~- us new 
es with the ·values of <N s > but gives larger v~~es.-::of-~~ ', ~-- possibilities to _consi~er_ a complicated and interesting 
~g >; < Nh >. - - · :c.--- :-•~~~ - 1 question ·.:. how do particles interact and generate in time 

The last values strongly. dependon the multiplicityof -, and space?_ 
the collisions of primary'h.idrons and secon'darypartiCles' ' · 
with nucleons-;-IT according to ref. 1171 the cross 
sectio~ of - the interaction of the hadron complex 
in -'the . nucleus- is simila~ 'to ·.the cross sections 
of ihe interaction -of hactrons with nucleons them the models 
(for example, diffraction generation/9/ • with the productioil 
of the hadron complex)' should -lead -t9 ~he results close 
to those· of the multiparticle model~ In- fact, in both case's • 
a· complex. of particles will interact with the nucleon 
inside the nucleus and the cross section' in the multipar
ticle moder'coincides·_ with that" of hadr-on collisions. How-
ever~ -a comparison wi'th' ref. 191: can be made only, by-on~ 
parameter '-<N ~ > . because·-·-we· have no calcul<i.tions for 

g <.particles a~d emission ai1gles of s-:- and 8:-P;:trticles. 
· The most important of our results· is tliat the 'values 

of <N~>,<l'f > and <Nit> for liglit' nuclei and Ag, Br· 'are 
. g - - '- . ' ·larger for protons than for .11 -mesons. On the one hand, 

(in particular _f<;>r _ Nh ) this can ·be related to that the - · 
summary charge of the proton ·plus the nucleus is two 
units larger than for 11--mesons. On the other hand; it is ·
possible and very important tliat this ctiffe_!'ence _is du~ 
to a larger value of the cross- section of the iriferaetion 

. ~- -' . , - . . - ' . . . :- . ' \ 

in the nucleus-· of the_ proton complex in comparison with 
the meson one similar to that the proton-micleon cross 
section. is -1.7 times larger tlian the 11-N _ cross section. 

- _..... ' . 
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