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In proton-nucleus colli~ions~at 200 GeV studied in nuclear 

emulsion, relativistic particles are found to be extitted in +he 

laboratory backwnrd hemisphere frequently. These backward particles 

consist of pions and protons of relatively high energy. Emission 

of backward particles increases rapidly with the mass  numb^-:: of 

the target nucleus. Backward emission of such high energy particles 

is difficult to explain by the simple superpcrsition of procon-nucleon 

elementary interactions. 
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Interest ing r e s u l t s  have been reporzed from the  Lawrence 

Berkeley ~ a b b r a t o r ~ ' ) .  Ions (d ar1.a a) accerelated t o  k i n e t i c  

energy of 2.1 GeV/nucleon were injected t o  carbon target .  Ob- 

serving a t  2.5 degrees i n  the laboratory system, they found high 

energy pi-$ which could not  came out  from nucleon-nucleon 

co l l i s ions  of t h i s  energy. Such high energy pions a r e  considered 

t o  be produced because of incident pa r t i c l e s  being ions and not 

because of t a rge t  nuclear species. Then such phenomena should be 

observed even when the target is a nucleon, and in this case it 

is be t t e r  t o  observe particles i n  backward hemisphere i n  nucleus 

r e s t  frame in co l l i s ions  of accerelated protons with nuclear 

ta rge t  a t  r e s t .  

From t h i s  point of view, r e l a t i v i s t i c  pa r t i c l e s  emitted 

backward i n  the  laboratory system are investigated, i n  the course 

of analysis of multiple production events i n  nuclear emulsion 

(36 I l fo rd  K-5 pe l l i c l e s ,  75x105xD.B  m3 i n  s ize)  exposed t o  205 

GeVfc protons at the  F e d  National Accerelator Laboratory. 

Unbiased events obtained by along-the-track scanning are classi- 

f i ed  by the mmber of heavily ionizing tracks (%I i n t o  three 

groups , namely, 

(A) N -0 (quasi-proton-nucleon co l l i s ions) ,  h- 
(B) U;(Nhg8 ( co l l i s ions  with C, N, 0, Ag, and Br) , 
(C) Nh&9 (co l l i s ions  w i t h  Ag and Br) . 

In this study heavily ionizing t racks are those with grain densi ty  

larger  than 1.4 times O f  plateau ionization tracks, T h i s  g ra in  
. - . - I .  

density corresponds t o  the velocity of 0 . 7 ~ .  

For group (A), emitted angles of  a l l  p a r t i c l e s  are measured. 



pox groups (B) and ( C l ,  emitted angles of thin nnd gray (1.4-1 P+ 

I ) are measured. Hereafter, thin tracks emitted backward 
PI 

in the laboratory system are called as B-tracks, and events with 

one or more B-tracks as B-events. Numbers of events, measured so 

far, of B-events and 8-tracks are given in Table I, The Eraction 

of B-events increases rapidly with Nh, and this increase is more 

'remarkable than that of average multiplicity of thin particles <ns>. 

T h i s  is seen in the last line of Table I. From Table I it is also 

clear that for all groups the probability of occurence of B-events 

with two or more B-tracks is nearly the square of that of B-events, 

T h i s  shows that the emission of more than one B-tracks is a phe- 

nomeaon w i t h o u t  correlation. 

From the frequency only, the emission of B-events seems to 

be of different nature from the elementary multiple production 

process. Thie becomes more evident from angular distribution of 

th in  particles shown in Fig. 1. This figure is drawn on normal 

probabiUty paper and the straight line means that the distributian 

9 i s  Gaussian. The abscissa is pseudo-rapidity rl C n=-ln (t- 1 1 . 
P a r  graup (A) the n-distribution is close to Gaagai.cu1, but for 

QrOuR8 (8) and (C1 tails at r@ clearly deviate from the linear 

shape beyond statistical errors. This tendency is clearer fox 

larger Nh. ~ h u s  in proton-nucleus collisions, particles are emitted 

' i n  the laboratory backward hemisphere more abundantly than expected 

from the w e  superposition of elementary processes, and this 

' &S more Xemarkable uhan the mass numbex of tha rarrlet ~ c 1 . u  



thin and.-g$ay tracks with projected length longer than one mm and 

results are shown in Fig. 2 with ionization values, Typical values 

of errors are 25% and 4% for scattering angle and ionization, re- 

spectively. Fig. 2 shows that the appreciable part of B-tracks 

consists of pions with momenta larger than 140 M~V/C- (There re- 

mains a possibility that there are a few electrons and kaons.) 

From Fig. 2 it is also evident that in backward laboratory hemi- 

sphere considerable amount of protons with energy higher than 

that of protons from evaporation processes are emitted. Pions with 

energy exceeding kinematic limit of elementary nucleon-nucleon 

processes have not been found in our limited statistics, but pions 

lying near this limit are more than to be interpreted as the 

superposition of elementary processes. This situation is clearer 

in the case of protons. The kinetic energy of protons extends to 

150 MeV or more, and such high energy protons can not be emitted 

backward h~ m e  laboratory system from the ordinary processes in 

our preeent knowledge. As according to usual processes backward 

protons can not have the energy far higher than the Fernli energy 

inside the nucleus, this fact excludes the possibility that the 

backward emission of relativistic particles in the laboratory 

system can be explained by the internal motion of nucleons in 

the target nucleus. 

Thus we can conclude as follows. Relativistic particles 

emitted backward in the laboratory system at prpton-nucleus 

collisions can not be interpreted to come out entirely from the 

superposition of elementary multiple production and scattering 

processes. Some unknown processes seem responsible for this phe- 



nomenon. This backward emission may come fro-% very highly excited 

states of residual nuclei or shock waves in the nuclear matter 

may play a role. But at this stage we should refrain from more 

conjectures and accumulation of more experimental data from 

different points of view is necessary to clarify phenomena pe- 

culiar to high energy hadron-nucleus collisions- 
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Figure captions. 

Fiqure 1. Integral distribution of pseudo-rapidity (rl) on 

normal probability paper. 

Figure 2. Ionization vs. PB. 
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