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ABBTRACT

The experimental dets on the multiplicity diatributions
tor various kinds ‘.of gecondsries produced in the proton-
~pucleus interactions in emuision at 200 GeV/c and the cor-
velations between them are pressnted and discussed. All the
chayacteristics of hesvy prongs (mesn velues B>, < n8> v
d‘h>. their distributions and correlations) aere indepen~
dent (or have & very waa_k dependencé) on the collisiona
energy in the range 20 - 200 GeV/c. The dats contradict
ta the cascads-svaporation model and dulitatinl: agree

with the mechsnisa of pertiole emimsion vis the lons;-li.m
intermediste states.

The observed wesk A-dependence (~A4 ¢1%) of ahower
psriticle distributions is in agreement with the salculated
ones sccording to the simplified two-step model. It is
shown that the n, ~ distributions agree well with ENO ace~
ling law in the 67 - 200 Ge¥/o rangs; but the form of uni-
versal ¥(un/ B, ) -function has & week A-dependsnce,



1. INTROLUCTION
Tnelestic hadion-pucleus colllstons ure the object of the

increasing interest since the study ol such lmberactlons can
olarify the important problems in particle physics such a8
the cholce of the realistic modela for hadron~nucleon colli-
slons, the investigation of the space-time structure of multi-
ple production and so on. v

This commuinication is devoted to the inelsatic proton-nuc~
leus interactions 8t incident momentum p, = 200 GeV/o in nuclear
emulsion. We present some date on multiplieitieg and correlati-A
ons of the various kinde of charged sacon@aries. Another charsao-
teristics of proton-nucleus collisions will be discussed and
published in the nearest future, . »

Some data on the proton~nucleus intexsctions st P, = 200
GeV/c were reported recently in the preiiminary srorks of_our
collaboration /1/ and in the pepers of sevexal mushors /2n4/.
The present experimentsl matgriel is based on the¢ higher sta-
tistics than in the work /i/. 1t has the followirg peculiari-
ties; a) it wes obbained entirely by the along-tl.e track scan-
ning 1) '
"B;ack“ and the "gxeyf tracks (the evaporation and recoil par-

and b) we subdivided carefully the heavy prongs on the

ticles, respsctively).

1) It ehould be noted that in the ref. /2/ only éhe paxt
ofxexparimental material was obtained by the along-the track
eoanning; in the ref. /4/ all the data based on the area

) scanning snd the events with Nh = 0,1 were lost 1n'thia
experiment.
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a; EXPRERIMENTAL MATERIAL.
 ¥rom _9339 inelaskic events, which were dstected during the
scanning, on the total prisary lenght of 3303 m (mean fres
path for the inslastic scattering A = 35.4 1 0.4 on) we se-
lected aystematically 1704 events in which all the charged se—
condaries wers olassifisd according to their ionigzatiom and
renge on the shower (I« 1.4 I, s I, is the ionisation of the
primary tracks), the gray (I » 1.4 I, the kinetic energy of
protons 2, > 30 NeV) and the black ( T, € 30 MeV) pronga; In
these eveats the enission sngles of the shower particlea were
meastred. Additionslly in more then 1500 events the total num-
bers of heavy (h_h -‘ug + 1)) and shower (n,) prongs were coun-
ted. In this way & total of 3242 wveits with measured N, and
B, were recorded. The details of exposure, scenning and mea-
suremonts were dneribed early in papers d.voted to the pro-
ton-zucleocn and the coherent interactions /s /. .
It 1s obvious /6/ that for the current comparison with mo-
doli ot haﬂm—nncleﬁa collisions the ensembls of events needs
%0 be ynnﬁad from the elastic scatterings, the coherent re-
sctions and froa the comaim with the hydrogen nuclei (so~
salled p-free p oonuions). Thetefore we excluded fiom the
following consideration the fext eventa:
(t).;?omtpo&thcwlh+‘ldth lh;a.mw
angle of shower particls was O < 2 mred (the stars O + 0 + 1
and O + 1+ 1 with Oza-rad{nre excluded sarly /5/ under
the na.lnu of quasimuclecn and coherent mtcrutim)e
() 63 svents of the type 0 + 0 + n, (o, = 1,3,57)
" which were idantified /5/ as the ocherent productiom;
(e) 60 svents with B, » 2,%,6,:.. which comes from the
p-fires p interactions. It is easy to obtain their number



3~

-5 -
from the muclear composition of the emulsion, if we conalder
the B, -distribution in pp-collisions in ref. /7/ at p, =
= 200 GeV/¢, and the amount of events v.n:h B, =B ad a, 3
=a, - 4 (with the slow recoil pyoton) from our data /5/.

Thus, our sample conailats of 1574 eventa with tha mgasu~

; g ond the emission angles of ahower 8o~
condaries and of 3007 events with t}u nossured 'h and n_ .
The analysis was done wainly for the firat 1574 buclear atexrs;
in all cases where we mn sonsider the enaemble of 3007
events or the sample of everts without ax_eludi.ﬁ‘ p~iree p
and/or coherent interactions (for the gomaiigpn with she
data of another works), this will be noted upo'ei&‘llw;

red o, Bg and n

3. HEAVY TRACKS. THE STATISTICAL SUEDIVISION OF VRWZS
OF THE COLLISIONS WITH LIGHT AND HEAVY EMULSION WOCLEI,

Fig.1 presents the integral probability distridution
W H) vs, N§ (3007 amti ﬁehaut p-free p and coberent
interactions). In the sgreement with the low energy (pé‘ 25
GeV/c) data /8/, this distributich 1s well d¢onsistent with
the exponential function '

WeN) v op (BE /B2 ), N, = 16.1 D
at N, >8. It should be noted that the difference between the
No values at 200 GoV/_c and low energies is small (st Po & 25
GeV/c KN, = 14.8 /8/). T™he function (1) at the whole of
¥, ~region describes only 58% of the total proton-micleus inter-
actions, shereas the amount of such interactions with the hea~
vy emulsion nuclei (Ag,Br) must be about 73.4% 2, This indd-

2). This value was calculated from muclear cmwoa;tm of the

BR-2 smlsion 30d from values of inslasile proton-rmelsms
2r9ss-scckions couputed for the Fersi distrivution (9).
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categ that the function (1) cennot desciibe the whole Rn-
diastribution in the interactions of protons with Ag, Br.

On the other hand, the distribution of the rest of data,
1;3; of the group of N, & 8 events purified from those which
describe by Eq.(1), alse describes well by another exponent
(1) with X, = 4.6 except the events with N, = 0,1
(31341). The abundence of the last agrees approximately to
the number of the quasimuclean interactions in which only
ane psripheral nucleon from nucleus participate. The simila-~
rity of Kh-distributians from interactions with light (C,N,
0) ouoclei and from part of collipions with heavy puclei may
be understood assuming that the formula (41) describescolli-
sions with the core of heavy nuclei (i.e. with the uniform
density region” ). Then the rest events can be associated
with the region of the decreasing nuclesr density which is
independent appréximtely from nuclear sizes. If tbis pictu-
r¢ i8 correct, then it is easy to subdivide these events in-
té groups associated meinly with the light and the heavy
nuclel respeotively, using only the composition arguments.

In this way we obtain statistiically the number of colli-
gions with C,N,0 nuclei'at each N, < 8 sssuming the simila-
rity of the shapes of Nh—distributions for the light nuc-
lei and for the paxrt of interactions with Ag,Br which re-
maing after the substracticn of the distribution (1).

The persentasq,of interactions with the light nuclei is.
showni in the ¥ig.1b and we shell use it under additional as-

3). The part of interactions described by formula (1) cor-
responds in terms of the impact parameters to the size of this
region obtained from ths electron scattering experiments /8/.

O b W o e et

(-]

s o o
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sumption that any cheracteristics of the collisions with
the fixed Nh are indepandent of the ta;-get nucleus size.

It is obvious that the above described procedure is very
rough and is in need of the additional verification. However,
it should be noted in this comnection that the other experi-
mental procedure (the registration of the short range tracks
(L<80u) in the stars with Nhs 6) used in our preliminary
report /4/ for the selecbi&_m' of C,H,0 evenis supports the
above described metiod (of course, this procedure ia &lso
crude /6/). In fact, the characteristice of events in two
semplas selected by theae diffarent methods coincide within
the experimental errors. The anothar way to test our method
is the comparison of its results with those obueined from
the experiments in the emulsion anriched by the light nuo-
lei. Unfortunately, the statistics of such experiments so
far is very poor (foi' exaumple, /9/) , however, their resulss
do0 not contradict o thia nethcd; ' _

¥ig.2 shows the differential lho. B~ and ns—diatnmti-
ons from the 200 GeV/c proton intéractions with differend
emulsion nuclei; the mean values <K > , <ng> <vn"> and
the ratio <“b>/<°57 for 4ifferent groups are presented in
Table 1. Fig.) shows the enexrgy depeddences of the <lh> N
<m> and <a > for proton-mwoleus interactions. The data‘
he¥e been taken ) from the papers /9n16/ and from this work.
In tox Table 2 we have presented the data on thé retio

4). We selscted uhly papers in which the experimentsil ma-
terial was obtained by the along-the~tradck scanning and o
ber of stars does exceed a acveral huhdreds évents &t each
Py > 10 GeV/e.
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(n.b>/<n6> and finally Fig.4 shows iutegral n,- and ng-(lia~
tribvutione st different energies.

Let us analysa these data.

1. Clearly, Iv‘h-, By and ns-distributions shows hardly
sny energy dependencs in the energy interval 20 - 200 GeV/c
(see Pigs.3,4). The mewn values <N >, <n,> and <ng> sup-
port the assumption on their constancy im thie energy range
and contralict to the caiculations ir. the Iramework of the
cascade-~evaporation model (CTHM) with many-particle interac-
tions /6/ (Pig.3). This con’radiction is very large especi-
a;].y for the evaporation particles. When the emergy increa-
sog, the shape of these distributions (see¢ Figs.?,4 and the
data from /8/) remain uachaaged except some increesing in
the number of events wita Iih = Q0 (Fig.4). It should be notad,
bowever, that the difference in the numbsr of these evimta
at low energies &ud at 200 GeV/c (asee Fig.4 and data of
Ref./2/) may he really ruch smaller because of considerable
loss of evente (the bulk of which has Ny = @) in /10/. In
fact, these datse differ from the another investigations
(which unfortunately hawt not subdivision of the number of
heavy tracks on n, and Ly ) ;t neighbouring energies in

the values of mean free path for inelastic collisions eund

{By> . If we compare the datas on the meam free path for the
quas.tnnéleon interactions in emulsion (Kh = G or 1 if the
"gray® proton ie emitted to the forward hemisphere in lab.

systen) coming from the experiments done at the same condi~
tions at 67 717/ apd 200 GeV/e /5/ it ia easy to see that
their values practically coincide and equal to 247 2 7 and
250 £+ 7 cm  reapectively. Therefore we can conclude that the

considerable rise in the munber of events with Nh = QO noted
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in Ref./2/ is associnted mainly with the locreasing cross-
saction for the coherent productica /5/.

In the very high energy regioca (p°> 200 GaV/c) only the
cosmic ray data are available /6/. Although these data are
very rough they support the enargy independenca (or very
weak dependence) of the heavy prongs distributions up to
10" Gev.

2. The portion of black and grey tracka among the heavy
prongs remains approximately unchanged up to 200 GeV/o (Tab-
le 2). (It is interesting thut there is & small dip in this
data at ~ 25 GeV/c which qualitatively £ita by the CEN).

The following circumstsnces seem to be very important for
our understanding of the precessss occurring at the collisi-
ons of high aner@ protons with nuclai. At first, the weak
energy dependence of <ns> ( the bulk of which are the ra-
coil protons) indicates the weak enargy dspendence of the
average number of intranuclear coilisions. Secondly, the we-
ak energy dependences of the <n,> and <nb>/<ns> in common
with the conslderable energy deperdence of the <na> (Secti~
on 4) indicate thab the exitation of targetv nucleus is con-
nected malnly oith the recoll protons while the crsated par-
ticlas give only a amail ocontribution to this process. Final~
1y, 1t is very interesting thay thess features of nuclear ine
teractions sesm $o be independent from tae size of the tatget
nucleus (the last columa in Table 1). AllL these features may
be explained by the miltipls production mechanism via the com~
paratively loog lived intsrmediate atutes (clusters ).

%, Imt us consider in more deteil the dspendence of heavy
prongs multiplicities on the slxe of sargay muclaua. If we up-
proximate this depsniencs by the simple power Duactiom Na
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at A»1 it is easy to define o from the retic of mean
multiplicities from collisions «#ith Ag,Br end C,N,0 :

<n> AgBr KKnoego 2)
= (X N 6,0 /2 K&, M2 N6 2_ K ‘
seme 1S S Tie M By ey /a Fie )

where u = llh. oy, n8 H Ni is the density of nuclei of i-th
type in the emulsion; 6‘1 is the inelastic cross-section.
Using the deta from Table 1, we obtained for the black, gray
and heavy prongs o = 0.655 % 0.025, 0.672 ¥ 0.030 and
0.661 £ 0.025 respectively, i.s.
CE> <oy, <n> a2 (3
Bince this dependence is considerably stranger than
nB(A) ~ 49415 - 0.19 {see Section 4) this again demonst-
rates that the connsction between shower particle produc-
tion end emission of heavy tracks is very weak. It should
be mentioned that the dependence (3) is more stronger al-
80 than the dependence A~ V> guggested by the primitive
models in which the incident hadrod interacts succeasively
with nucleons inside the nucleus without sny cascading of
creabed particles. This circudstance may be considered as
an indication thet the secondary interactions of the cre-
ated particles csn give gomé contribution to the nuclear
collision products.

4, MUIAIPLICITY DISTRIBUTIONS OF SHOWER PARTICLES.

The differential ns-distributiona from the proton-nuc-—
lens Gollisions at our eilergy are shown in Fig.5 and some
moments of these distributions are presen:eci in Table 3.

The most relieble data on <n,> are the dats from the sem-

{
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ple of events with measured emission angles of shower pur-~
ticles (the group 2). Taking into account the e¢lectrons
from Dalitz pairs ((net;)c-' 0.012<n,>) we have from the da:
ta of Table 3 3

(24

= 1.83 ¥

n,,mm =Mo0lo2, Rr=18 o003,

By pcgo = 10-9 t0.3, RBR=142%f0,04, )
+ + '

ns p-AgBT = 15.2 =« 0,3 , R = 1,98 9.0‘4 B

In order to calculate the popular ratio R a ‘ng)Knch') op
we used the value <ny >, =7.68 % 0.07 atp, = 205
GeV/c /7/. For the full and ungorrected sample of eveats
(méluding the p~free p and coherent interactions) we have
<ap= 13.6 2 0.2 , R = 1.77 £ 0.03 in egreement with the da-
ta of other works : <n>= 12.9 * 0.2 , R= 1.68 £ 0.03 /&
end <np= 13.1 £ 0.3, R=1.70 £ 0.04 /3/. The <n,> va-
lues for O0,N,0 and Ag,Br nuclei are consistent alsc with
corresponding data from Ref./2/.

Assuning that <n > = '<n°1’;ppf‘ it is easy o define the
parsmaters o for the quoted three values of B (4) by using
the well-known relation

A s Zi:ﬁisiA;/ Zme,. (5

They equal to 0.147 % 0.004 , 0.133 £ 0.010 and 0.150 &
% 0.004 respectively. These values do not contradict to
the assumed power function and we have as a result a very
weak dependence < nsu)> ]
B2 A% ¢ p, = 200 Gev/e. &)
The energy dependences of the (ne) end R are shown in '
Fig.6 up to 200 GeV/c. In contrast to hoavy prongs the msen

(> values are close to the oalculated otes according to
the CEM /&/.
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As can be geen from Fig.6, the ratio R depends fairly
strong on energy and increases from ~ 1.3 up to ~ 1,8 in ‘
the energy renge 20 - 200 GeV. In close connection with this
rise the increasing of the parsmeter o« (5) from ~0 wp. to
0.13 = 0.15 1s also observed in the same energy range /4/.
It is easy to show that this growth is partially due to
fact that the value of <n > for pp-conisiéns conteins all
secondaries while the <n_ > does not include the bulk of se-
condary protons. In fact, if we consider for example the ra-
tio R’ =<n>/ <ndon s where. B2 Z@erpn = 144 Tep-
resent the particles produced at pp-=collisions (pioms, for
sinpiicit:;r), then we can see that this ratio remains approxi-
m}tuly qostant in the 20 - 200 GeV/c region and squal to
2.0 - 2.2 , The corresponding parsmeter ' equals to ~ 0.19,
i.e. coincides with the vaiué expacted from hydrodinamical
nodsl /18/ in which the incident hadron interacts with the
tube of nuclear matter. Clearly, the ratio R’ is only an
upper limit of the coefficient of nuclear multiplication of
produced particles. For the correot determination of this
coefficlent one must measure directly the number of partic-
le8 produced by nuciei and teke into account the protoa-neu—~
tron collisions, .

Thus we can conclude that i (1) the quantity R (and R”)
is rather crude measure of the fatio of created particles on
nucleﬁ_r and nucleon targets, especially at low energles, '
(i1) A-dependence of the number of produced particles is ve-
ry weak (o = 0;15 - 0.19 at p,»100 GeV/c) and contradictf .
to the cless of so-called ons~step models, '(iii) the two-step
aodels of multiple production /19 - 21/ are favored by the da-
te on the ratio R and i1%# energy independence at high energi-

ag.
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The obvious next gtep for the test of particle prqdqction
modolg'ig a gamparison of experimental n‘—diggribuj:icn with
theory, ¥or thie purposs we have calculated the n -distri-
butions Zor proton-nucleus collisicns at 200 GeV/c by the
Monte-Carlo method as suggested in Ref, /16} in framework of
some eimplified bwo-stop model /20/. The simulation had the
following stages 3 A '
a) The target micleua was chnm rsadonly in accordense
with the BR-2 pnulaiam cemposition,
p) The pumber of inglastic eonuim 9‘ withia mlou
with atomic number A was chosen asoording to probability .
Bow e 6} /E 6} | M
where the sross-sections 207 the exmcs 9‘ cellisions are
given by
o) = ax § b @ (v )"I o]’ w&-ﬁ(b)}
apd the miclear demsity thiclmpu as Pixed ispact parameter
18 R
“b) » A‘a L“ p(b,u) . g
¥or the nuolear dmiw ws tock two popylar mtuu s ﬁn
Gaussien distritution - "
P » (R0 [—(t‘ + synt] @

and Formi (ar Baxon ~ loodﬂ) mmtuua o
;(b 5« p.{1 + o ﬁrm - e)/;}} “, (é)
Po» (46?733 (1 + wietyet] A
whore B = 0,96 A%%8, ¢ 1,09 AV, ;-bm s 'u‘
* 32 b, -

o) Yor each intranuelear oouulm ﬂu type of tarm Wﬁ’
leon (proton oF neutren) was choseh u mmmb ﬁh m
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nuoclear structure.
~d) It was assumed that at each colliaion two clusters are
produced (the multiplieity of each cluater eguals to
(nch)pN /2 ). The fast cluster interacts with the next pucle-
on a8 the whole whareass tbe slow one does not interact with-
in nucleus. The multiﬁlicibies of each intranuclesr collisi-~
on were chosen randomly in accowdance with 'nch—distribution
from pp-interactions /7/, if varget was a proton, or n, -dis-
tribution from pn~interactions whicn was obtuined from our
data /5/ taking into eccount the correction (<n37nu/<ns>nw)
from pp~data, 1f tergat wae e meutrop., Finelly, the pavticles
from decsy of VA alow and one faat clustars wers summed up.
Rlig.7 shown the n8~distributions from proton~nucleus in-
teractions at 200 GaV/¢ togethen with the curves approxima-
ting the calculatved Lhystograms (’i-O5 simulating events for
each mcdel version), From this Figure and from the date on
roments of nawdiatributions presented in Yable 3 one can sae
that the model under ccnsideration gives the satisfactory de-~
scription of experimental distributions at our enargy. It show~
uld be noted that for heavy nucla; the model version with Fer-
mi distribution (9) is in the best sgreement with the data
whereas for light nuclei the distribution (8) is more prefe~-
rable. In Pig.7a we have plotted slsc the curve for en ano~
ther version of described model ia which the ratio of multi-
plicities from decay of fast end slow clusters equals two
(Gottfried’s model /21/). The disagreement of this curve
with experiment is obvious. In Refs. /2,3/ the sgreement of
the wesn multiplicity with the predicted one by this model
-was pointed out ; in our opinion this agreement is cgused by

the uniform nuclear density essumed in /21/. In fect, +the

B¢

B
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asan puabers of intranuclear colliaions calculated accopding
to the distributions (8) and (9) (2.6 and 2.7 :espocﬂnb)
are lower than 3.2 obtained by Gottfried /21/.

. In conclusion of thie Section let a8 cmidor the aosling
properties of n -distributicn in provon-nucleus go;lgg;qngf
Is is lmown /22/ that the experimenial data for pp-interac-
tions over the large energy range 50 - 300 GeV agree Reughly
with the XNO scaling /23/, i.e. describe by the nniversal
functica S

<n>Wn) = y (a/<nd). {10)

Por praton~mucleus interactions this propexrty wes studied on-
1y in the cosmioc rays /24/ for the ligh% auclei (polyethyle-
ns) and Lt waa Zound that the experimental data are do,aer:_t-'-'

bed by the seme function as pp-interactions.

It ia easy Vo shuw that for the mixture of different muc-
leus such as emulsion the function ¢ (o/<n>) must . . de dit
ferent from caw for pp-oolusim sven in thé case when the
n—tuatr:lbutim for the any individual nuclsus u’c:laﬁ.u

. This stateuent is illustrated by the curve 2 in 113. 81
which was calculated under assumption that for sach A the
function y bas the seme form as wbtained by Slattery /2%/
for pp-interactions and that <a>, = <n@>§é1°°"5 . ®his
Figure shows alse the experimental data at p, = 200 snd 67
GeV/o (the latter were obtained by sumaing up of na-ustri-
butions from Refs. /3,16/, in all about 1200 events), tho
curve taken from /23/ end our fit to experimental data. Ons
can see that thsw data at 67 and 200 GeV/e fit well by the -
Sommon ourve (} 2/mnuw:- of degrees of freedon = 0.2) 3

y(s) . (3.08 + 2687 + 2,687 + 0. 18:7)“;(-4 03) e
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(8 = B_/<n.>) which differa boch frow Slattery’'s ani calcy-
lated for photoemulsinn curvee. In Fig. Bh,c we present se~
parately tbe date for light (C,¥,0) and heavy (Ag,Br) nuclel.
Por light nuclai the data agree well with the Slattery func~
tion ()( Z/numher of degreea of Zreedom x Q.8) whereas for ha-
avy nuclel the data dissgres with this form (the agreenmnt
probability is less thsn 0.01) end describe by another fun-
otlon, which nevertheless is not far Lrom Slattaxv'e one.
Thus, the axperimental data on the na-distribut:tons in
proton~nvoleus collisions do not contradict to ENO scaling
law in the emne ensrgy range in which it fulfilled fox pp-
imtarsctions, but we conclude that the Maction y(n8/<n'>\
hss a week A-depenionce, For emulsion nuaclel this function
hes the form defined by the forsila (11} in the range 67 -
- 200 GeV/c. It ie esany to show thet some regulexrities ob-
sexrved recsmtly for thw moments of novdiﬁnributiana from
proton~pucleus inteiractions (Lor exampie, the lineex depen-—
dence of {(ng,\ - <n5>2} V2 on /.nB) /3,4/ oxr the mo-cal-
led "nuclear mulgiplicity scaliug™ /25/ ) ere the direct com-
sequences of the universality of ‘ ¥ (n#/(ng)—-t\mction.

5. CORRELADIONS RETWIAN THR DIZFELWR? TYPRS OF SBCOR-
DARIZS.

Wa present ocuxr resuita e¢n corxelaticn depandences of the
type <nylny)> (g, ny (L 431y = Fy.omy,, 0., a) in
Fig.9, 48 follows fyrom this Figure all these dependences are
monotonsus end ¥it well by thw linesr functions with poeiti-
ve alopes 3

: <n.i> “_anj + b {(a>0) (12)

on the whole range of n, variation (except tha dependences
B v

i =
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Lroa ns which veach a platean at ns‘;:, 10). 411 Lhe puremeters
& and b from relation (12) are lisbed in Puble & (tor the
ngudapandencas the £ibt was carsied oub up to ng = B),

The comparison with low ensrgy detva (seu lel./10/ aud com-
pllation of data in /6/) shows s ’

(1) Correlations between multiplicitles ot Liack and gray
tracks are colunclde with low energy data. For inacaonce, at
Py, = 7 and 22 GaV/c <o = 1.56:13 + 1.59 (unmcorrected dabta
from /10/) and 1% ceincides with the 200 GaV/c¢ data Table 4),
This still ewphaslzes the remarkable stabllity of the bsavy
track characteristics, whean the snergy chanzes.

(14) Correlations between n and ths nuabers of wuy type

of heavy tracks B, , A, or Hh depend sssentially on

the energy. Iun some pagers /1« 4/ thiuw fact wes noted for
the <n (N, )> -dependence. It 1s obvious, thet & such behavi-
our reflecta vhe fact that the nedistribufzion depends on P,
while the Nh-, - and ns-distri‘outions rematn practically
unchanged. Thexefore, the slopes of strazght lines (12) £itted
the dependences <n5(nd)> increuse and for Hne Luvercs de-
pendences decrease when the enargy rises.

In virtue of the monotonous character of <‘nB(Nh)> ~depen-
dence some authors (ses for example /3/) ussd thse Nh 28 & Ae-
asure of the nuebsr ¢f inbtranuoclear collisions and then clasai.
fled the nuclear interactions by means of nh The data from
Fig.9 and Table &4 show that the analoglcal mounctouy is ob-
served also for n, and ng < B. Since the <nu(n8)>-dapon-'-
dence is the most strong, the nsuvalue is the moat prefera-
ble for such classification. However, it should be noted that
the mean value of m8 excesds significantly the uumber of rew

coll pretons expected from the model considerations (of the
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t¥pe deserived in Bection 4). IL is obvious, that for the mo-
re cervain end quazititativa concluaione it ig nesessary to
have the more datell information on the gray (and bleck)
tracks. ’

In conclusion we are gled to express our gratitude to ths
steff of NAL and Prof. V.A.Nikitin for the bhelp and coopera-
tion during the expogure. We acknowledge gratefully the work

carried ocut by scanners sand measurers of our laboratoriés.
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Table 1. _
Vean multiplicitles of heavy prongs in the various groups of evencs’.')

o — ke i e " T i -

e ¢ Runpor (B> <n> <> > A

-] TOWP ot o < <n
collisions events  _® o s N> fng
A1) inelastic 1 3232 740 % 0.13 - - -

: 2 1697 7.26 £ 0.19 4.79 X 0.12 2.48 2 0.08 1.93%0.08
Tithout 4 3122 7.69 ¥ 0.14 - - -
coherent 2 €37 7.55 20.20 4.97 £0.13 2.57 2 0.08 4.95%0.08

Without coherest 4 3007 7.97 L 0.1& - - -
and p-free p 2 4578 7.82 2 0.20 5.6 2 0.13 2.66 L 0.03 1.94%0.08

Interactions 4 860 2.61 ¥ 0.08 - - -

with G,K,0 2 413 2.70 * 0,41 1.80 X 0.c8 0.90 0.5 2.00%.14

Interactions 4 2207 9.92.t0.17 - - -

with ig, 27 2 155 9.66 £ 0.24 6.36 £ 0.16 3.29 £ 0.10 1.93%0.08

¥). Tuc Tivat group consied of cvents with messured N end ng ; in the events frem.

the second groug By o B

s ! n.  spd emission engles were messured.



Batio Cmp/<ng at difforent p, (a1l inslastic
" collisions without coharent) '

) Calsulation
GO:/Q Bot. (%) {(Ba> trom 16/
94 /MY 180t0.07 2.4tz
25 /MA¥ 17Mto10 20%02%
25 716/ 1543 0,10 1.9 % 0.1
50 716/ 1.66 £ 0.6 2.2%0.2
67 /%%  173%012 2a3to.a®™
i 1.93%tc08 25%t0.2%W

00 e{’g 93 -]

u). Interpolation of ddita /6/.


http:ff"./6/�

2able 3.
Moments of ns-—distributicn in the various groupg of evonts. In brackets -
calevletion according to the mcdel (ses text) with Perni distrdbution (9).

Pype Rumber r 2 ayV2
of of <n> < {n_-1)> KnS>-a Y L.
collisions gvonty e s77e 7 L7a” s } <
- ) S * gy ¥ + A
111 ineleptic 4 3?.4... 1:7.9 - 0.2 255 : [4) 807 : 005 1.4 . 8.2
2 1697 13.6 T 0.2 4032 7 8.4 = 0.6 56.5 = B.9
Vithout 1 3422 44.3%20.2 23%ts 8.6ro0s s58.8%s.3
coharens 2 1634 woror m3e s.2toe  53.9%9.8
¥ithout colicreat 1 3007 w.5%c,2 #0%s 86 %o 50.0%8.3
and p-free p 2 1572 w.2roz wots 8.3foe  SAal §.a
(14.0) (257) (8.7) (61.4
Interactions 219 10203 usts s0209 227t 104
with C,N,C {10.0) {121) {5.6) (24.5)
Interactions 1155 © 5.3 0.3 27210 8.7 L 0.8  59.4 % 13.6
with Ag,Br _ o {15.48) (305) (9.1) (67.6)




Sakie &-

Paranstern & (m.ui lnl b (below) of the linear
depandenco (l;) a “3 + b (x;un..i = B, By, B ns).

_
<H> -

<By>

b

.58

€ -]

ﬂutdm zutdm dwtam

- 0.5 £ 0.00 1.72020.06 0.8 £ 0.15

0.69 0,03 - 1,38 £ 0.0¢ 0.32  0.01

o %o.12 - 1.63 £ 6.06 0.5 % 0.0€¢

0.33 £ 0.0 Q.37 % 0.02 - 0.47 § 0.01

0.0 £ 0.0 0.5 3 0.0 - 0.25 £ 0.02
0.61 £ 0.03 0.85%20.03 1.73 X 0.08 -
9448048 9758015 10.0%0.2 -




Fig.1.

Pig.2.

Fig.3.

Pig.4.

Fig.5.

Fig.6.

Pig.7.

)Fig.a.

PIGURE CAPTIONS

(a) Integral Nh-distributiona for all events (above)
and for events remaining after the substraction of
Eq.(1) (below). '

(b) Percentage of CNO-events vs. N, .

Differential N - (a), n- (b) and oy~ (o) distributi-
ons. The hyatograms are: all events (upper), collisi-
ons from Ag,Br (lower) avd collisions from G,N,0 .
(pointed). The p-free p evente are shaded, the cohe-
rent reactions are twice shaded.

Energy dependences of <Nh)' <> eand <n8>. The curveas
are according to camcade-svaporation model /6/.
Integral m,~ (sbove) and n - (below) distributions at
7 (full ecircles), 25 {triangles) and 200 (open cire-
les) GeV/c, Dubta at 7 and 23 GeV/c from Ref./10/.
Differential n,—distributions. The deaignatim'tho
same as in Fig.2, -
Energy dependences of <n,> and R. The curves are: 1)
<nch(po)> for pp-collimsions, 2) calculation accor-
ding to cascade-sveporation modél /6/, 3) our appro-
ximation.

na-distributiona' fxom all nuclear avents (a) and from
collisions with C,H,0 (b) end Ag,Br (o) in comparisonm
with the model caloulations (see eoit) with the nucle--
ar densities of forms (9) (cmrves 1) and (8) (curves
2). The dotted curve is aeeordiné to Qottfried model
with the Fermi distribution (9).

Dependence (n.)shs (s‘ vs. n.((n‘> for all nuclear
interactions in emulaicn (a) and for collisions with
C,N,0 (b) and Ag,Br (c). The c¢circles and crosses are
the 200 GeV/c and 67 GeV/e /5.15/ data respectively.



The curves are: 1) Slattery’s function /22/, 2) our
calculation for the emulsion {aee text), 3) empiri-
cal £it¢ Vo eoxperimental data.

¥1g.9. Correlations between n, and nd (nl,na. =1ng, ng,
oy, By ) for the proton-nucleus interactions at

200 GeV/c in emulsion.
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