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ABSTRACT

The experimentsl data on multiplicities of charged
secondaries produced in piom-nicleus interactions in an
emilsion at 200 Gev/c and cerrelations between them are
presented and discussed. Parameters of multiplicity dis~ .
tributions are compared with the relevant ones st lower
energlies and with data frém pA-interactions at 200 Gev/c.
the multiplicity of heavily ionzing particles in FA-in-
torﬁct‘.‘l.onl weakly depend on the incident evergy, The KNO
acaling 18 observed beiﬁg the ssme for incident protons
and pions.
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INTRODUCZIONR

There 1a the increasing interest in the study of inelastic
hadron-rucleus interactiona’ 1{ Thie interest is evoked by the
hope that e study of hadron-nucleus collisions can throw light
upon the mechanism of multiple production,that gives the domi~
nant contribution to 1n§lnstic cross-sections at,high energies.

 We report here the experimental results on multiplicity
of charged secondary particles in inelastic collisions of 200

Gev/c S/ -mesons with emulsion nuclei.

EXPERIMERTAL MATERIAL

The stacks of 600 mka layers of GOSFIIBIMFOTOPROBKT BR-2
nuclear emulsions were exposed to 200 Gev/c ¥ —meson besn st
the Fomilab accelerator. By along the track seannhg 5255 ev~
ents have been recorded oxi the effective length of pri-m
track equal to 2314.6 A. Inthese oventa all the charged partic-
les were classified according to their ionizetion and range
into shower ( I< 1.4I,, I, 18 the ionization of primary treacks),
gray ( I> 1.41,, the kinetic emergy of protons Tp> 30 Mev) and
black ( T,< 30 Mev) prongs, and the emission sngles of shower
particles were measured.

After the exciuaion of the slastic -ca’cteﬂnga (39 events),
the coherent reactiones (221 events),an analysie of which will
be published ¢lsewbere wnd interactions on the hydrogen muclei
(p-free-p interactione, 18% events) our nespie of ineleetic

plon~nucleus collisions analyzed in Lhis paper couaists of 4810
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events with the measured m,, I, and ng snd the emission angles

of shower secondaries .

MULTTPLICITY OF HEAVILY IONIZING PARTICLES;

In the Fig.1 we have plotted mvitiplicity distributions
of heavily ionizing b~,g- and b~particles ( n,= n,+ ns) in
jnelastic interactions of 200 Gev/c pions in emulsion, and the
Table?. presents the mean values of nmltipl:lcitieé of different
- kKinds of chérged gsecondaries in conpariaion the available
aata’? = 5/,

One can see from Table 1. that the mean multiplicityes
of heavy tracks practically do not depend on the energy supor-
" ¥ing the sesumption that the energy transferred by projectile
to the target nucleus is independent (or very weakly depends)
on the incident energy. From the comparision of Jj A and pA
deta at the same energy we see also that the mean multiplici-
ties of ﬁem prongs are Bystematically smaller in pA interac-
tions. In the classical picture of consecutive infranuclear
collisions of projectile (leo,e.g./ 12’) the mean multiplicitien
of nuclear fragments are the monotonuosly growing functions of
the number of intrsuuclear collisions Y . The mean values
et V ,in turn, are conditioned by the size of nucleus end by
inelastic hadron-nucleon cross section. Therefore in such a
plcture 1t is esasy to understand the difference between mul-
tiplicities of heavy prongs in Ji'A and pA interactions if we
take inte socount the fact that Oine1 (THI< (o) ine1(PE)e
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' Moreover, comparing the dabta of Fig.1. with the relevant
distributions at lower energiesls 6’ cLe car conclude that
multiplicity distributions of haavw tracks weakly depends on
the incoming energy as well. For instamce, the quaatity <> 4D
( D= <0°>- <n>2 ) in A interactions in mlaion at 7.5;
17; 60 and 200 Gev equals to 1,07 20,085 1,05 £ 0,0251.0 £0.03;

0.95 £ 0,02, and the integral cbrbolatien paremeter
= ¢n(z-2)> - ¢n>?2

tor hrpurticles equals to. 32.4 X 2¢2% 39.0 : 1.4; 45,1 & 244,
and 46,64 X 154, respectively., It should be noted,however,that
dns to composite nature of :mulsion the distinction of fa(h)
from the zero could not be considered as am indication of two-
partidle corrvelations between the nuclear fragments. o
Such limiting behaviour of multiplicity of the target
fragmentation producte contradicis obvicusly the clasiical
intranuclear cascading’?/ and consistent with the models’Sr11s12/
which take into account the detalls of the spase~time struc-

ture of multiole production.

MULTIPLICITY OF SHOWER PARTICLES.

Fig.2a. presents the available data on the mean multipli-
city of relativistic particles <=»,> inm 97 Em interactions

/243%,6/ in couwparision with the energy dependenco of < B>
fron ﬁf"p«collisions/glz It is seen that t.e energy dependence

of < n> is similar to that in T “p-interactions and could




g dpsaribed satisfactor¥ly by & Jogarithmic law {i;he atraight
1ines in ¥ig.2a.). In Flgzib.the dats, charscterizing the sneirs

P23

iependencs of the gopular ratic B =< no g, PARSY,

A ﬁetha@

14 the measuce of nuclear multipiicavion of produced particles

are plottad. ¥e see that the ratic B for T hsinberactions it
sresges ln the rapge 17 ~ 200 Gew/c. Although the eneyrgy Jepen-
Asnces of R are similer inJ i~ and pA-intersctions (the curve .

4 in the FigeZb. approximates bthe energy dspendence of R im

I -9 1074 . ‘ » a 3 3
paecolligions’ 7° ', kbs shsclute values of R . cve amaller

notles "bly than E?Ag This distinction is the consagnence of
the fach that < ng@”ib < <n (pA)> apd< nnhis’i"?g);’:wgfix?h(pp??‘

l T FJ1 a’f!:?:‘
&% the same enexgy of projectile hadron.in modeis of type’ AR
where the lncoming hadron lnberacis sonascuhlrsly wmith khe

Intrespuelsar nucleons, the sbserved 3diffarence in mearn aulti-
vlicitkes of ahower perticles in pA- and F a~colligions, in
farn; sould dbe sonuectad with the well knmown distinction bet-
ween inelamtic proton-puclecn ard plon-nucliwon srose gectionsz,

It is interesting o define the Awdepandanee of the mean
anltiplicity of ahower particles. This dependance obvicumliy
iz conditioned by the parmmetrigabion sccsphed for ( ag*‘» =
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R = 1,52 £ 0.02 for I “A-interactions at 200 Gev/c obtained
in the present work, we have

oL = 0,092 £ 0.005 ,

i.0, vBry wesk dependence on the size of target mucleus, We
point out that this walue is smaller considerably then o{ =0.15,
defined earlier for pA-interactions at the same energy/>’y

' #ig.3. shows the multiplicity distribution of shower
particles and in Fig.ly this distributien is plotted in the
scaling varisbles 3 = n,/ < n,> + Curves in Fig.§. represeat
theoretical distributions, coming froa the Gottfried's’ 1V
(the curve 2) and Fishbane-Trefil’ 2/ (the curve 1) medels,
which have been calculated by a way desoribed in details in/5
A8 it is well imown, thess models predict, that in hadres-mucle

us interactions
Cmg(B)> w (a+b<V>)<n, >,  (3)

where & = b = 0.5 in the %wo-phase model of hadromic matter/ 1o/
and the energy flux casscads moae1/ 11/ predicts a = 2/3,

B = 1/3, We ses from tho\l‘is.'z'.. that the curve 1 gives the
more preferable description of experimental data. It should be
stressed, however, tht in general the parameters a and b ia
eq.( 3 ) may depend on the mass number of nucleons and incideat
energy. Such results hes been predicted, for instance, im the
framework of the parton nodel/ 8/ .




The curve shovh in Piget. represent the KNO soalihs_'
runction '

lf)(z) a (3.0z +26 2> 4 B.6 z5 + 0.18 27) exp(-u.o z). ( 4 )

that han been doﬁned in the rei’erence/ 5/ by fitting experi-
aental data on pA-intersctions, Itis seen, that the multipli- .
ity of shower particles in J] A-interactions at 200 Gev/c 1s
consistent with the KNO scaling hypothesis snd the KNO function
in the first approximation does not depend on the projectile
(proton or pions).

There are the vell known regularities for multiplicity
moments in pp~ and J; p-interactions at high energies. Although
the reliable data on multiplicity in §; "A~interactions are not
se rich as in 9 "p-inte:acti.dm, we can note, thai: the ratio
<n/D, that equals to 1.73 £ 0,03 for our data, concides with
the value 1.78 £ 0,07 obtained in /%for T A-intersctions at
60 Gev/c. Howwever the normalized moments of n -distribution -

Cpy 03(0k = <nk> /<n,>k~) (133 £ 0,03 and 2.22 % 0,09,
reapoctively) in 200 Gev/c & A-interactions concide with the
values asymptotic for hadron~nucléon oollisions/ 13/

CORRELATIONS HETWEEN IUI:TIPLICITIES OF CHARGED SECONDARIES.

We presoent our resulta en correlation dependences of the
type < ‘1(1'3)> (n.i,. Dy = Rgy Doy Doy nh) in I/ A-interactions ‘
in g5+ A2 follows from this Figure all these dependences
could be fitted satisfactorily by the linesr functiona with




positive slepca
< B> magn + by (aé,o> | (5)
}in the whole range of By vm:ﬁon (except the dependences

on ‘S which reach & piateau at “8 8§ = 10 ). The ltrd.zht
lineas pletted in Pig.>5 ropuunt the tita ‘o moﬂmtul d,ata
and parameters 8y 49 bié are ligted in !.bh 2. m dependence
<mg ln )> 1- the most strons eneg, just as u pA~intersctions,
ae nsiu tho most wceptablo neuuro of the mhor at intranucle |
ar collil:l.eu of the pmdoetilo (ar leading clutorh _

' Froa the conparhton of the ohu-mtor df mltiplicity cer-
relations in .4~ and pa/5/ ~interastioas ab 200 Gev/o 1t is
easy to observe that: 1) comlgti.ou between slow: qgco,nd.uriu_ _
4o net dépond on the nature of prejectile (tho amount 62 € and
b-particles in the hom component is the same beth in pA and
in m-cellinions), 2) the mean multiplicity of shower partic-
les at fixed nor n_ is largor for pA-interactienm, 3) thers is
the in_dication that the "gaturation” of (.n,(ns)) ~dspendenceé
i8 reached earlier in I l-intomctim. o

Lll these features caa be qualitativaly roprodnced by
nodoll of hadron- nucleus -mtormﬁm. 'horp the productien
results in comsecutive qollimions of leading pmi.cldv }(or lou—-
ding cluster ) with intranuclear nucleems, ‘ e

- coicwnme REMARKS.

The ozpor.tmntal data show thatt |
1.Multiplicity of heavil: ionizﬂs parti.cln 13 53" L—intcrncﬂm

’
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(as v§11 as in'pA-collisions) weaklydepsnds on the incident
energy. o

2., Parameters char'actorizing multiplicity of showar particles
sre similar to that in I/ N-interasctions, The KNO scaling is
observed, and KNO function,depending ‘on A, 18 the ssme for
incident protons and pions.

3, It is pfobably that multiplicity of all charged seconda-
ries in 74 (and generally in hadron—- nucleus) interactions

is conditioned by the unique ”nucléar” parasmeter V - the
aumber of collisions of the incident particle with imtranuclear

nucleons (<V> = A'G’h‘/ GM e
In conglusion we are glad to thank the management ef FNAL

for exposition of emulsion chambers.The help of Profs. L.Voy—
vodic and I.V-‘.Clmv.ilo is greatly acknowledged.
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SABLE 1. The average mltijlicitipa of chargyd gartlcios
in & Ea intersctions. |

i  §

. - : P * -
gTa | oir | w4 | T
17 Gev/c 50 Gev/c § 60 Gev/c §200 Gev/c {200 Gev/o
12,3/° 16/ 72,3/ lthis werk { 75/
-t 1
73 ‘*' 0e3 + 3 -
. 8098010 §7.54 = 0420
- £7402=0,05 . v

: 40‘7 I 0.2 "470582 0,07 :4'97 z 0’13 |

2.57%0.08

2 §2,4220,05

1?025":001 14.6 : 0.2
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TABLE 2. Rewults of the fits of experimentel data ea
multipiiciky correlations by the limear |
depcndcncoi < ng> = a nj +b

t

1

. ™ " My e g

+ —4 ; % +
<oy > 10881, 40,38 {2,250,+1482 0.50n,+0.83

3~ H § —t
<y, > 0,660, +0.01 o 162584142 0.320,+0.67
{ng>10.34n,40.01 ‘o.unbw'.as‘ 0.18_+0414

R
: (ns‘> 40.%‘08.51 O.74nb+8.80 1.17‘8"'9057
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Fig 1. Multlplicity distributiens ef "gray”,"bleck” and hecavily ionixing
particles in  A-collisions in-emulsion at 200 Gev/c. .
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Yig 2. &) Bnergy dependance of the sversge wultiplisity of reilalavistic partisles
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{aehiite figures). The straight lines 1 end 2 sire logarithmic lawe of wnesgy depeniondcan
of {a-in. X4 mnd &"p«intcmtiz:a.

b) Energy dependence of Be P& /(n 5 iz KA (blaok figures) and 4
giome (white figures). Curves sppro s apergy depemdercex sf % ia 4 & {av
and in pA-intersctions (cmae#)a(Saaj”‘ j Y
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Mg 3. Multiplieity distribution of sbower particles.

Curve 1 Tepresents W{f cal distribution cesming from
Mshbane-Trefil modsl 1 s ‘@nd curve 2- model of Go’ctfried[ﬂ].
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Pig 4. Multiplicity distribution of shower particles
plotted in the scaling varisbles 3Zs=a /<ny +Fhe ourve
represent 5] tne xHO scaling funotien (&) fitting
experimental data on pA-interactiona. i
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