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Following our previaﬁs letter sbout multiplieitios
in proton-nucleus ecllisions ¥ e present in this note
some empiriecal regularities foumd in the angular distrie
butions of secondary perticles produced in eollisions of
protons with the nuolel of photographie emonlsion,

There 1s at presemt s widespread opinion 2'3'4/that
the multiple produstion in hedron-nucleus ecllisions at
high energies provides a gensitive test for the meehanism
of multiple produetion in hadronenueleon collision. E;g.
the atrong sbtppression of the multiplieity in nuelesr 0ol
lisions observed in eosmio rey experiments 5,6/ and in the
latest experiments in emulsions exposed in the largest
aenelaratcrs‘ffgy isidn favour of the alass of models in
whieh the multiyle production in slementary oollisions oo
ours vis an intermedlate state, This idea was propoged
some vears ago on the beals of eoamio ray resultis 3'9/,
and iz now extemsively diseussecd not only for groups of
'pians nroduced eoherently 10/ tut alzo for other types of
production in hadron-nuoleus eollision 2,3,4/. These pro-
duetion models are usually set against those in whieh the
seeondary partieles are direetly producsd. sceording to
the assuned model of multiple production in hadrone=nuce
leon eollislon, many asuthors make ;raaiet;ana ag %0 how
the final stete of the hadronenueleus interaotion will
look, and how it will depend on the energy of the projec-

tile and the masase~number 4 of the targed &,3;‘ 411 this


1,7
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oalls for expeéimﬁnts with numerous harget nuclei perfors
rnaed at Aifferent energles,

It seems %o ug hovever, that the nuclear emulsion
teshnique offers s unique poseibillty of =sslecting events

negording to the aetually realized number of ecllisions

inside the nueleus. This is due to the frot that in nuce
lear emulsion we know what heppens with the hit target
nueleus through the direct observetion of the number of
neevily ionizing parvieles 3, , which arc the predusts of
spallation or evaporation of the nuecleus, The well-known
independence of the number digstridbution of these partio-
leg on the primarﬁ merey 11’12'13/, the linear felation
between the average eharged multiplicity'ﬁa and Nh 11,1z,
1“'15ﬁ§'ana thae eorrelation of some other parameters with
ﬂh.l"l7’?f all suggest o monotonie relation between My
nnd the number of eollisions ingide the nueleus. Therefore
in nuelear emulsion the sample of events with glven Nh

may be more uniform thar one obtained fyrom & uniform tare
ret /with glven 4/ but without the lmoviedge of its exe
eitation f?hj.

This is vhy we usod the number %h in the present ine
vestigzation sg& 2 main naranetor to systenmatize OUr eXpoe
rimental dnta,

Cdur experinental data eonsist of two samplea of 675
and 999 evente due to interactions of protons with onere
Fr 87 GeV and P00 eV, resrceltlvelv. The exposure eondi-

vions snd scenning progedure wore deseribed in our previous



napor l/. The angles hetween the direetion of the primae
ry nroton and each séemidary particle giving & minimm
ionizing track / vfe7'0;? J vere measured and denoted hy
QL' The number Eh of all strongly lonizing rparsioles

/S v/ e€ 0,7 / wos also eounted in esch event. Vo used the
variable Wz & 1in tan QL/E for nresenitstlon of the angular
dlstridbutions. This variable le a reasonable aphroximation
of the laboratory rapldity.

Flgel is 2 swmary of our dstp. It shows the average
numbers of mintmom lonizing particles A n, whieh were
amitied 2% & gliven 'Vt within an intervsl qu =1 in an
event with 3 given Hh. It 18 sresonted as 2 contour map of
the surfees & n_ = £/eg 2¥y/ vhich was fitted to our data,
11l sontours and the broeken oneg belong o 230 CeV ani
&7 GeV data rospectlvely, The numbers indieated at the
aontoaurs dennte the raapeetive»ﬂ.nﬁ-valugs.

The nmap pregented in Pig.l enuld be easily oonstirace
ted owing to the faet that the numbers of particles nroe
dueed ot a given angle in cvenis having different N

h

orveyed a linesy relation: a/E

Arn g,a? i T ul T e /L,M /17
Thils relatior burmed out ts be valid over the whole range
of f? a9 acen from the confidence levels /Table 1/ of
atralsht Lines Titted to our dsts in 10 nsrrow intore
vela f’A‘Yl » 1) ]’9/.
T1sa2 ghown the vnlues of the eoofficisntz n and' b

in funetion o7 *? together with their otatistiesl errors.


a/E
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Full lines and brooken linssg correspond %o 200 CeV and
&7 Gov data, respeotively,
The areas undey the curves "a'" gnd "b" in Flggz san
be denoted as:
Sa/E,’Q/& = A/E/
| Sv/e,m/a =8/
and esongequently $he welleknown and tested integral re-
lation betwoen B and Ny 11,12,1%,15/g4n be written as?
TRy T AR/ YB/EEy . /3
Dividing by he average sherged multiplicity im proton-
proton sollisions mpp/y /. Wwe obtain for the ratic »
of multiplieities ia nuslear and elememtsry eollisions:

/2/

*/E,8, / -%'/% = A/8/ + (Mm,, . /v
Using sur date at 67 GoV and 200 GeV and those at lowsr
enexgies 11,12/ a8 well as sommic ray data at adbout 1000
cev >/, we proseat in Fig.3 the scefficients A and ($

ir funetion of the primary proton aomextum, One oan sey
that within the energy interval 67 and 200 GeV these coef-
ficients chenge very lLittle 1f at all, At still higher
enorgies thore aye indications from the somnio ray date
5028/ that » {s a fymotion of Hh only and practieally the
game as for 200 GoV, However, at lower energies /E {67 GeV/
the eveffisient [5 i3 no longer energy 1nde§mﬂmt. Tt |
Talls rapldly with onergy. The soefficient o roveals the
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same tendeney, This behaviour is, at least partislly, due

to the faet that at lowey energles the percentage of slow

partieles / v/0d 0.7 / }Zim&uaed inereases, and therefore
the number n_ of fast partioles /v/e > 0.7 / 18 no longer

& goofl approximation %o the number of ehargzed partleles

rroduced, _

From the above anslysls it follows that the linear
dependence between ﬁs and H, observed by meny authors is

» eonsequencs of more detalled linear reldtions between

A.nslt? / end K, which ere valid in the narrow intervals of

41 over the wholo range of‘ﬂz /sve Table 1/, Consequently

the anpgular distridbutions of produeed partieles ean be s

parated into two eomponents:

1. a eormonent /given by ourve "av/ which dees not depend
on i, and which represents /in first spproximetion/
the angular 4lstribudion of peartleles produved in pro-
ton-nueleon colliston,

I1. & somponend Sziven by eurve "b mulitinlied by ﬁh/
which gives the angular dlstribution of particles pro-
guced owing to the target nueleusn,

Those gomponents behave very differently /sse Flg.o/ ¢

1e The nmein nart of the curve *gbugggggs large angles only.

it small angles 1t 1s small and negative,

Je Uhe eurve “a” eovers epnroxinetely the same interval

af WZ as do the partieles produecd in »roton-nucleon
eéollision,

, 200
#ith ochanging proton snergy from 67 GeV fto 2050 GeV:

-

e


"b" covers

200


w & =

3; the eurve "b" preobably does not ehange 1ts absolute
maximum velue and the position of ¥his mm It whky
®idens, remaining smell and negative for mmall sngles.

4. the absolute walue of the maximum of the surve ngw curve "a"
inoreases with the ineressing emergy and 2%s position
moves S0 emull englos in acsordenee with kinemetios,

(super B %N SUb H overA -#- of the total mumbey of pertioles belrm-

ging Yo the different esomponents does not ghange, It
18 ocnel /7,8 3 0,9/ x 107K, ena /7.6 £ 0.5/ x 10 =N
for 67 GeV and 200 GeV primery pmmn respoctively.

6. the ratio of the sotal number ef partieles belonging
to the same component equals thé rtic of the averege
eharged multiplieity im protomeproton ocollisions.

’?;_ At large angles the two mmta separately eoincide
Jor scale/,

The aboves]listed phenomena observed in profton-nuclo.
ug eollisions favour the @lass of models of elementary eole
lisions in whieh partieles are genorated through the ine |
texmediate staves of peculiar properties, Hore we refor
$o the modela proposed Dy Dar amrd Vary 2{, Fishbane and
rrer1) 7/, and the phenomenologleal model desoribed by
¥riedlander 29/ + Comaon Tor those models 1is the creation
of a Teat eluster in hadron-nusleon ecllision which on i¢m
way trough the aucleus interaets with nucleons and pi*o&u-
ces slow olusters, itself remeining practioally unchan-
ged, The predistions of the Tnergy Flux Cascade Model PIrow.
rosed by Géttfriad &/ .aro gimilar to those above deseri-


curve "a"

(super B BN sub H over A)
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bed, The behaviour of eur components of the angular dis-
tribution is in agreement wish sush models. It is astoe
nishing thet the cormponents oreated through the systemse
tizatlion of the dats based on Kye possess such properties.
of eourse, this strongly suggestas that there must be a o=
lation between Ny, and the number of eollisions V. If we
knew this relation we would be able to present the total
nueber and the enguler distridbution of particles produoed
pex ane ao111§1on inside the auecleus, At present vwe know
only that it 4s given by the eurve "b within the acoue
rasy of the normalivation fector.

It 195 interesting to cuoume a lineer ;alation beta
ween X, end ¥ and to meke prediotions coneerning the an~
gulap distribution of produced porticles which follows
fram equatiorn /1/. Analysis of similer type based on Gotte

frieds model 4 hes bheen performed ia paper 21’.

¥e are much indebted for the 200 GeV exposure to the
staff of the Natonal Aotelerator Laboratory at Batavia
and for the 67 GeV exposure to the staff of the Institute
of Righ Energy at Serpukhov, Ve are pleazed to thank Dr,
Z» Ohyligex!t for many wvaluable and stimulating disousslons,
The work done by our scanning team in Cracow is greteful-
1y acknowledged. |
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Ceptions foy Flgures

Pig.l Angular distribution of produced cherged partic-
| les in an overage Q!ﬁt@ﬁﬂﬁﬁélﬁﬁﬁ gollieion in

fupotion cf-Rh ghown &8s & contour map. The mumbers .
indicated &t the contours demvte the mmber of
partioles produced within o unit intervel of
in ten GL/2 at an angle &, Continuous end broe
ken lines esorreapond to 200 GeV and 67 GeV data,
rempeativmly;.fha error bars refieet typlieal sta.
tistibsl errors. Doited lines are the average
in tan aL/2~valuea.

g2 - Coefficionts o and b in eq./l/ in function of o
O - 200 GeV dpta, O - 67 8V data. Continuoua
/7090 GeV/ and broken /69 GeV/ lines are arbiizraw
ry Interpolations used %o construct the mapa in
?ig;l; Fote that scaleé for a and ¥ are different.

Fig.5 Ooetftclents o and [ in eq./4/ in fuaction of
proton momentum. Note that sceles for ok ana ﬁs

are different.
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TABLE 1l
: A
_x oconfidence levela for the linear

fits Ana/"t/ - a/qz/ * h/ﬂ‘(/‘ﬂh .

Intervel of 4 Confidence level
from to 200 GeV 67 GeV
-8 ' 0.-90 0.-90
«? b 0;40 0425
-6 -5 0670 0.701’3,‘5
-5 -l 0010 0403
-4 -3 0475 0s01
3 . CaBO 0405
- -1 o;aa 030
-1 0 0050 Oe kD
o 1 0020 0405

1 2 098 0.99
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