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J.I.Cchen, E.M.Friedlander, M.Marcu, A-A.Marin and R.Nifcu 

Cosmic Ray Laboratory, 

Institute of Atomic Physics, Bucharest, Romania 

The aim of this letter is to draw attention to some regu­

larities of the angular distribution of fast secondaries frora col­

lisions of 2oo GeV protons in nuclear emulsions. Beam and exposure 

conditions, as well as the general features of the interactions 

have been given in ref./l/ and /2/. The results presented here re­

fer to data collected in the Bucharest fraction of the stack,only. 

The usual division of particles into a narrow and a wide 

conr. reveals some new facts which are hard to understand st&rting 

from any conventional picture of hardon propagation through nu-

clear matter and which can briefly be stated as follows : 

a) The increase of multiplicity due to traversals of in­

creasing path-lengths in nuclear .natter appears to be localized 

essentially in the wide cone. 

b) The narrow (u = lg tg 9 5 -1.35) cone, containing on 

the average one half of thetparticles produced in a pp collision, 

behaves practically as if these hadrons would not feel the pre-

sence of nuclear matter which they penetrate. 

Like, e.g. cascade or tube mechanism. 



c) In spite of the strong increase in numbers with increas-

ina complexity of the collision, the anaM^r distribution of par 

ticlfi- u: the vide cone remains unchanged. 

The st.irs were collected by ..-.:-^^ scanning under low 

• Ic y '. . "> x lo- magnification in or.vr to make detection of events 

ir:Jc. indent- on the multiplicity n, c: r-2' at ivistic prongs (S> o.7). 

*) 
r.ly ,t irs with N.̂  :• 3 ' were retained in the analysis. Since 

id ' r- apjlysi-; refers to angular distributions at given N. ,the dif­

ferent relative detection efficiencies for low N. and high N -stars 

h h 

' «,5': zor \\/i 5, > 92% for N. > 6) are irrelevant. Careful prong 

r.iar.tr v.v-o. then it.ade under high magnification, on all events by at 

least twe observers. Angular measurements were performed on all 
**) 

relativi=ric oronas of 455 stars 

Before presenting the experimental evidence for our ini­

tial statements {a-c'j , we have to recall what one would expect 

frorr i; conventional cascade picture. With increasina path length 

a-.'ail able in nuclear matter , the forward cone should be in-

creasingty populated hy succesive collisions of the surviving 

baryen. Moreover the wid«; cone "should increase similarly in num­

bers due tc cascade multiplication of wide-angle mesons, the an­

gular distribution of which should get wider with increasing mul­

tiplicity, 

A look at figs. 1 and 2 reveals, however, & completely 

different picture. 
N, :.i the number of heavily ionising (8<o.7) prong*. 

W;tM: this «4ap;e, star* with Kj,S»3 end 2:6 are not represented 
; r, 'latrrsi proportion, but their nudbers (248 end 2o7,r«*pec- -
(.;/•'.>'/ ̂ ere chosen arbitrarily »o »• to ensure roughly equal 

i'/'»t* •• f relsrivi.-tit prong* in different Mj, interval*. 

' incre^uaj number v of collision* in the nucleus 
- wf:. ; ,• Nf. i .-, a t~nv*nient m*-*»u r^ . 
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Fig.l shows plots of mean values of tne partial r.-iati-

vistic prong multiplicity (n )-, within aiven n^'ilir i - *--:-> ŷ I "; . 

against N.. From integral an̂ 'jlar distribution plots at t.iffe.ent 

N. , we convinced ourselves thi»t roe half of the chacce-. r,,. 1"! t r p 1 i -

city n in pp collisions at '/•: o CoV /?•/ (vi ? . '- l.H particles) "re 

for all N. - contained within a c> >ne of opening u = (-1. 3) - (-1 . •« •> . 

This partial multiplicity is seer to increase with N, much slower 

than the total multiplicity n /2/. (circular symbols) 

A cone only slightly narrower than that, viz. u < - i.5 

(triangles in fia.l) appears to contain a constant number of about 

i-.hree Darticles irresoective of N, . 

n 

Square symbols in the same figure show (n„) for the rest 

of the particles. It is obvious that the wide cone is solely res­

ponsible for the increase of n with N, . 

^ s h 

In fig.2 the angular distribution of all particles is 

pictured via the mean value of u (circles) for different interval 

of N, . The monotonous decrease of 'u; as N, increases is, by it-
h h 

self, not surprisinq. However it is easy to show that this decrease 

is not due to an overall widening of the angular distribution. 

Indeed, the nean value of u for the excess tracks, i.e. of those 

produced at a given N, beyond the pp r ̂ ltipiicity (squares in 
h » 

fig.2) is ooviously independent of N. . The points were obtained 

by formally splitting up the angular distribution into a group 

with mean population n /3/ with a mean u equal to u and the 

rest (n -n ) of the particles with an nspecified and in prin­

ciple N.~ dependent mean u-value viz. u'. Then, for each N. , 

from the measured value u for all particles we have 



(n - n ; u ' - n u - n u (i) 
s o s o o 

Since !2/ n i s a l i n e a r func t ion of N. , s n 

u ' = u ( l + bNu) - u /bN, (2) 
h o h 

whsre b is the siope of m^, N ) dependence. 

The constancy of u'-values proves' that the monotonous 

decrease of 'u! with N. is due only to a shift in relative weight 
• • n 

towards higher population of the wide cone, without altering the 

shape of its angular distribution. 

r:he results presented in fig.l could be understood in one ' 

of the following two ways : 

a) Either nuclear matter has an abnormally high transpa­

rency for the fast products of the first proton-nucleon collision 

in the nucleus, or 

b) This transparency in only apparent, the forward cone 

being absorbed and reemitted i-i a muitistep process. 

Assumption a) meets at once wi serious objections.Indeed 

in this case the fast forward products do not contribute tc the 

increase in multiplicity and this is localized in the wide cone 

only. This agrees with fig.l, but contradicts fig.2, since, by 

virtue of energy conservation the angles in the wide cone should 

increase considerably. 

On the other hand absorption an I raemission of the for­

ward cone shifts responsability for the n increase with h. to 

/ 
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this very process so that slow particles vith rouuniy the same 

angular characteristics are produced throughout the whole nucleus 

without altering the structure of the forward cone itself. 

One possible model incorporating these features (vi'̂ - the 

energy-flux cascade) has been recently presented by Gottfried /4/. 
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*) 
Since the bulk of the primary energy is carried bv the forward 
cone . 
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Fig.l. N, - dependence on mean multiplicity in restricted 

angular intervals of : 

Circles U < -1.35; triargies U < -1.5; squares -

U > -1.5. 
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P i g . 2 . Angular character i s t i cs aw a function of tr : 
n 

Circles - mean value of 0 S lc,.tg 9 for the whole 

angular distribution; squares - estimates for the 

mean u of excess tracks (see text.) 


