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S u m m a r y .  - -  An analysis of the experimental transverse momentum Pt 
of secondary particles produced in high-energy nuclear interactions in the 
accelerator energy region is carried out. The average value of p~ for each 
kind of particle is almost constant for primary energy from 6 GeV up 
to cosmic-ray energy. Several theoretical Pt distributions are fitted to 
the experimental Pt distribution. The experimental Pt distributions 
of r~-mesons, K-mesons, nucleons, A and Z were well fitted by the theo- 
retical Pt distributions derived from the momentum distributions of 
Planck for mesons and of Fermi for baryons. The characteristic para- 
meter kT involved in the  theoretical Pt distribution is nearly constant 
for all kinds of particles and is ~ 0.125 GeV. It  is shown that the Pt 
distribution of protons from large-angle p-p elastic scattering and that of 
secondaries from inelastic interactions are similar in shape and are governed 
by the same statistical law. The relations between the above two Pt 
distributions are discussed. On the basis of statistical theory, a derivation 
of the theoretical p~ distribution is given. 

1.  - I n t r o d u c t i o n .  

Though extensive studies have been performed on the distr ibution of the 

transverse momentum,  p~, of protons of elastic p-p scattering in the accelerator 

energy region, relatively few works have been done on the p~ distribution of 

mult iply produced particles from inelastic collisions. The experimental  data  are 

accumulated for bo th  comic-ray and accelerator energy regions and the a t t e n t i o n  

of research workers has been directed not  only to the constancy of the mean 

value of p~ bu t  also to the shape of the Pt distribution, because the la t ter  re- 

flects the nature  and the type  of the interact ion more sensitively. As the mech- 

anism of multiple particle product ion in inelastic collisions is much more 
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complicated t h a n  t h a t  of ine]astic p-p scat ter ing,  re la t ive ly  fewer analyses 
have  been perforlned.  

In  a recent  pa, per  (~), the  e~per imenta l  Pt d is t r ibut ion of tile secondary 
~:-mesons produced  in eosnfic-ray jets  of Pt == ( 0 - 1 . 0 ) G e V / c  has been  stu- 
died. I t  is found tha t  the  expe r imen ta l  p t  dis t r ibut ion fits well the distri- 

co 

but ions :  I) ](pt)dpt =: y'-' ~_.h:~(ny)dy, y == (Ms-i- p~)�89 with kT = 0.125 GeV, 
n = l  

which is der ived f rom I) lanck 's  m o m e n t u m  dis t r ibut ion,  and I ] ) ] ( p , ) d p t =  

-=p~exp[--pJpo]dpt, with po----0.154GeV/c,  bu t  does not  fit the distri- 
bution ] I I )  ](pt)dp, = ptexp[--p~/a2]dpt. 

On the other  hand,  in ref. (3) it  has been  pointed  out  t h a t  the  pt  dis t r ibut ion 
of protons  f rom large-angle elastic p-p scat ter ing (3) can be represented in 
the fo rm of IV) ptexp[--pdO.151]dpt.  

I t  is wor th-whi le  to men t ion  tha t ,  though  the  one is the  Pt d is t r ibut ion of 
the mul t ip ly  produced ~-mesons in cosmic-ray jets (~.4) and  the other  is t h a t  

of protons of large-angle elastic p-p scat ter ing,  bo th  the Pt dis t r ibut ions I I )  
and IV)  have  a common shape of pt  d is t r ibut ion  functions.  

I t  is not, unreasonable  to suppose 1hat the product ion  of protons  f rom large- 

angle p-p elastic scat ter ing and tha t  of secondaries f rom inelastic interact ions 
are governed by  the  same statistic~fl law, so t h a t  the p~ distr ibut ions of bo th  
the  protons  of large-angle elastic sca t te r ing  and tha~ of secondary T:-mesons 
in cosmie-ray jets have  same Pt dis t r ibut ion function.  

Cocco~-I (5) conjectured t ha t  all the secondary part icles emerging f rom 
p-p interact ions,  elastic as well ~s inelastic, have  a t ransverse  m o m e n t u m  dis- 
t r ibut ion  of the fo rm ptexp[--pt/po]dpt,  Po----0.16 GeV/c. 

[t  is in teres t ing to s tudy  the  p ,  d is t r ibut ion of all the  secondaries produced b y  
interact ions  in the  accelerator  energy region b y  extending  the previous analysis  
of the p ,  d is t r ibut ion in cosmlc-ray jets.  This approach  seems to be quite crude 

to s tudy  exper imenta l  results  in the  accelera tor  energy region compared  with  the  
general  methods  of analysis  adop ted  in this field, t towever ,  even in the  ac- 
celerator  energy region, inelastic events  are too complicated to be t r ea t ed  by  
rigorous theory  aa~d i t  is almos~ impossible to app ly  r igorous theory  to super- 
posed events  of var ious  types  of in teract ions  in which still unknown processes 
are t ak ing  par t .  The approach  described in this paper ,  therefore,  is of impor-  

tance as it  visualizes gross fea tures  of mul t ip le  par t ic le  p roduc t ion  as a whole 
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by  t reat ing superposed events of different types of interactions to find out the 

empirical  law of the p~ distribution. 

I n  this paper,  the dependence of the average value of Pt of secondary par- 

ticles on the pr imary  energy and the values of Pt (average value of pt) for 

different k i n d  of particles are studied (Sect. 2). The best-fit theoretical  Pt 

distr ibutions aI~ determined for baryons  and mesons by  iit~ing theoretical  

p~ distr ibution functions to e~perlmental  p~ distributions (Sect. 3). The the- 

oretical p~ distributions are derived from the m o m e n t u m  distribution of sec- 

ondaries of l?lanck for mesons and of Fermi  for baryons  with plausible as- 

sumptions (Sect. 4). The m o m e n t u m  distr ibution of the secondary ~:-mesons 

in the c.m.s, and the relation between the p~ distr ibution of the secondaries of 

inelastic events and tha t  of protons of elastic p-p scattering are discussed 

(Sect. 5 and 6). 
This analysis leads to a statistical model which enables us to describe the 

p~ dis tr ibut ion of all kinds of secondary par:~icles in a unified manner .  

2. - Analysis  of experimental  data. 

2"1. Average value of Pt. - The average values of Pt of mesons a n d b a r y o n s  
produced in inelastic interactions for various pr imary  energies collected from 

published papers (6-23) are shown in Fig. la)-e) .  
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I t  is seen in F ig .  l a )  t h a t  

~d~ of : : -mesons  i nc r ea se s  w i t h  

i n c r e a s i n g  p r i m a r y  e n e r g y  in  a 

r e g i o n  of p r i m a r y  e n e r g y  E < 

< 6 GeV for  rc-p col l i s ions  

w h e r e a s  ~ ,  is a l m o s t  c o n s t a n t  

fo r  E f r o m  6 G e Y  to  2 5 G e V .  

W h e n  we c o m p a r e  t h e  v a h l e  

of p ,  of ~ - m e s o n s  of c o s m i c - r a y  

j e t s  (~,~) to  t h a t  in  t h e  a(:cel- 

e r ~ t o r  e n e r g y  r eg ion ,  i t  c~n b e  

sa id  t h a t  t h e  v a l u e  of pt  is 

p r ac t i e , f l l y  consi, a n t  for  al l  

e n e r g y  r eg ions  a b o v e  6 GeV.  

F o r  o t h e r  pa.r t ieles ,  t h e  

e )~per imenta l  d~ tn  i l l u s t r a t e d  in 

F ig .  lb)  to  le )  a s s u r e  t h e  s a m e  

conclus ion  t h a t  t i l e  ~ ,  is con  

s t a n t  for  E > 6 GeV,  a l t h o u g h  

the  const ,~nt  differs  for  differ-  

e n t  p a r t i c l e  masses .  The  a v e r -  

age  v a l u e  a n d  t h e  s t a t i s t i c a l  

e r r o r  of ~ ,  a rc  g iven  i~k Ta.ble ] 

for  v a r i o u s  k i n d s  of p a r t i c l e s .  

Fig. 1. - Average va.lues of Pt for 
a) ~-mesons. b) K-mesons. c) nu- 

('leons. d ) A ,  e ) E .  
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TABLE [. - Average value ~ ,  statistical error A~t and dispersion 0.67~, o] experimental 

,-v-meson 

347.9 
2.1 

16.3 

'~t. (MeV/c) 
A~t (MeV/c) 
0.67aT, (MeV/c) 

values o/ P t. 

K-meson 

377.6 
10.6 
9.2 (*) 

Nucleon A 

404.9 420.3 
4.8 8.8 

19.5 17.3 

- -  i 

Z E 

528.9 580 . 
23.5 6 
12.3 (*) 4.O 

(') some cxpcrimenta! pt values which lie outside of ,last are exclude4. 

o I 2 o ~ks was already pointed out in rei. (- . -), the vMue of ~ increases with the 

mass of the par t ic les . -This  dependence can be understood on the basis of sta- 
tistical theory of multiple particle 

~k 

0.4 c ~ K . ~ o 

0 0.5 1.0 1.5 
m c t s s  (OeV) 

Fig. 2. - Average value of p~ vs. mass of 
particles. The solid line shows the p~ 
calculated by PD for mesons and FD for 

baryons of ]~7'= 0.125 GeV. 

product ion which will be described in 

Sect. 4. On the basis of this statis- 

tical theory,  the experimental  data  

give evidence that  the value of the 

tempera ture  T of the finM-state 

in teract ion involved in the theory  

is the same for all kind of particles, 

i.e. the experimental  value of kT 

is 0.125 GeV for all kinds of parti-  
cles. In  Fig. 2, the theoretical values 

of ~dt for k 1 ' =  0.125 GeV for mesons 
and baryons are p lo t ted .  

I t  is seen tha t  the theoretical  

values of Pt for various kinds of 
particles agree with those of experiments within experimental  errors. 

2"2. Dependence of ~ on various  characterist ic features o/ the events. - Although 

the average VMue of p~ remains constant  for interactions in a wide range of 

p r imary  energies, the average vMue seems to fluctuate with the characteristie 

features of the events. Thus, it is necessary to s tudy whether  the values of 

~ obtained in various experiments are consistent with a constant  value within 

a statistical error or the value fluctuates due to the variat ion of the parameter  

of the intcract ion which characterizes the types of events. 

The weighted average ~it, the statisticM error A~0t and the dispersion a~,  

which are defined in the following, are calculated for the sample of experi- 

menta l  values of (Pt~)o~ given in various papers. 

When (~,~):j=A~, is the average value and the statistical error in Pt~ of 

the i-th experiment,  one can define the weighted average ~6t, the statistical 
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error A~t and the dispersion a- 
pe 

i == 1, 2, ..., n as follows: 
for the sample obta ined by exper iments  

~, = c Z ((~,,)f(~>,,)~) , 
i 

::= c E ) : ) ,  
i 

1/C = ~ ( l / (A>,)  2) and A>, == ]/C�89 
i 

The values of ~+, A>+ and a L calculated by  the above equations using the 
exper imenta l  da ta  (~.2~) are given in Table I. 
a~, is much larger than  A ~ .  
This result  suggests t ha t  the 
f luctuation can be ascribed not  
only to the systematic  errors 
existing in various exper iments  
bu t  also to a real fiucl,uation 
of the ~5~ value due to the 
difference in type  of in teract ion 
and in p r imary  energy. 

As examples,  several au- 
thors have given the result  
t ha t  the value of ~+ is different 
for different multiplicities n~ of 
events.  In  Fig. 3, ~5~ vs. n+ 
collected f rom refs. (+.~,+.~7,t~,2~) 

is plot ted.  The result  indicates 
that ,  for =-mesons, ~6t de- 
cresases as the mult ipl ici ty 
increases. 

For  the other  particles, 
there  is an indication of increase 
of ~ with multiplici ty.  How- 
ever, for the lat ter ,  we need 
more statistics before we can 
give any definite conclusion. 

I~eferenee (~) shows tha t  
in the in terac t ion  of 16 GeV 
~-nlcsons, the >t of ~-meson 
secondaries with emission an- 

i 

05~ 

Ex cep t  for ]~-mesons and E ~', 
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t d 

0.4 - 
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0.3.- 
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o 2 
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A _ _ .  i _ _  l 

4 
n s 

I 

i 1 
i 

! 
6 8 

Fig. 3. - Average value of Pt of r~-mesons v s .  

n,, the multiplicity of events. 

gles smaller than  5 ~ in the labora tory  system is definitely smaller than those 

with greater  angles and rcf. (1+,~o.22) showed tha t  Pt depends on Pc the 
longitudinal  momentum.  
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Reference (23) gives a detai led s tudy  of ~ values for different types  of events  

and  shows t h a t  ~i~ differs for different types  of in teract ions .  Thus,  though  the  
~,  value f luctuates  according to the character is t ic  features  of interact ions,  

the  f luctuat ion is not  ve ry  large and  the ~ value s tays  cons tant  in a wide range  
of p r i m a r y  energies grea ter  t h a n  abou t  6 GeV. 

3. - The shape of the pz distribution. 

The exper imen ta l  Pt d is t r ibut ion  given in ref. (22) was compared  with  the  

following theoret ica l  d is t r ibut ion funct ions.  

I) PD and FD.  

The PO and FD are the  p ,  d is t r ibut ions  defined by  the  following eq. (1) 

which are der ived f rom the m o m e n t u m  dis t r ibut ion of P lanck  for mesons and 
of F e r m i  for ba ryons  of the  secondaries in the  e.m.s, of colliding part icles wi th  

some assumpt ions  as described in Sect. 4: 

(1) 
y 2  co 

]__(p,) dp, = 77- ~, ( + ] )"+~Kl(ny) dy 
~• ,,o~ 

where + and - -  refer  to PD and FD,  respect ively,  

r  K~.(na) ~• a 2 ~ ( •  1)n+1 ~ _ _ , y ~ ( M  2 . . . .  t- P~) / kT  , 
n--1  ~'b 

K,,(x) is the  modified Bessel funct ion of the second kind, a ---- M/kT ,  M is 
the mass  of part icle,  k and  T are Bo l t zmann  constant  and t e m p e r a t u r e  and 

the veloci ty  of l ight  c is pu t  equal  to one. 

I I )  KD.  

The p ,  d is t r ibut ion  which is re fer red  to as K D  is given by  

y2KI(y) 
(2) ]~:(p,) dp, --  a2K.,(a) d y .  

I I I )  LD. 

The p ,  d is t r ibut ion which is re fer red  to as LD is defined b y  (x.~) 

(3) 
P t  

/~.(Pt) dpt --- ~ exp C- pdpo I dpt .  
po 
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10 0 

A\ - .  

Fig.  4. - E x p e r i m e n t a l  in fegra l  p~ d i s t r ibu t ion  of A. 
. . . . .  : BI).  

1.0 

. . . . .  : FD,  - . . . .  : LD and  

lO ~ I~,,~L~ 

10-2I 
0 0~.2 ' - 014 ~ 016 ' 0'.8 " 110 ' 

P :  [ ( G e V ) 2 1  

Fig. 5. - E x p e r i m e n t a l  in tegra l  Pt d i s t r ibu t ion  of E. 

1.2 

- F D , -  . . . . .  L D , -  . . . . . .  BD. 
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IV) BD. 

The distr ibution which is referred to ~s BD is given b y  (1,24.25) 

(~) 2pt 
~(pt)dpt = ~i- exp [-- p~/~ldp,. 

In  the above kT, t)o and ~ are constants.  The derivat ion of the above 
eq. (1)-(4) is based on the consideration of the statist ical  theory  of multiple 
par t ic le  :production together  with assumptions und approximations which 
~re given in Sect. 4. 

In  Fig. 4, 5, 6 and 7, the exper imenta l  integral  p~ distributions of ~:~+ ~:0 
mesons, ~o-mesons, A0, Z• given in ref. (2..) are p lo t ted  and compared with 
those eulculuted from the various theoret ical  Pt distributions (1)-(4). The result  
is as follows: i) For  A o and Z% as shown in l~ig. 4 and 5; BD, F D  (and KD) 
fit well to the  exper imenta l  distr ibutions bu t  LD does not.  ii) Fo r  K-mesons,  

10 o 

10 -1 

A\ 

10 -2 

IN 

"\  \ . \  N ~ p .  ~ 

_ _ _ . L  _ _  . - - t _ _  _ ' I - -  ' _ _ . l _  

0 . 2  014 0.6 0.8 

Fig. 6. - Experimental integral Pt distribution of K-mesons. 
. . . . . .  BD. 

= 

' 1.2 

- - -  KD ; . . . . . .  LD, 

(24) H. H. ALY, ~I. F. KAPLON and ~.  L. SHEN: -7~UOVO Cimento, 32, 905 (1964). 
(~5) E. M. FRIEDL~.NDER: ~OVO Cimento, 41A, 417 (1966). 
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as shown in Fig. 6, KD (and PD) fit well but  LD and BD do not. iii) For  
~-mesons, as shown in Fig. 7, LD, KD and PD fit bu t  BD does not. 

J 

10 -2 I-- 

h~ 

i X 
\ 

! 
0 0.2 4 0 6 

Fig. 7. - Experimental integral p, distribution of r.-mesons. - - -  
. . . . .  BD. 

~0-' ]" 

0.8 

PD, - - - - - -  LD 

For  a quant i ta t ive  study,  the experimental  values of dispersion a of the 
:Pt distribution defined by 

have been est imated and lJhe vaIue of S - ~  a/p, is compared with those cal- 

culated using analyt ical  expressions of ~ and p~ given in Table IV for the 

theoret ical  p,  distributions (1)-(4) (see Sect. 4). 

Since S is constant  for LD (0.707) and BD (0.526) and is sensitive to the 

shape of distr ibution in the range of p, = (0--.1.0) GeV/c, we use ~he relation 

of experimental  values of S vs. p t /M as the criterion for the fitness of the theo- 

retical pt distributions. In  Fig. 8, the experimental  values of S vs. ~)t/M are 
plot ted together  with the theoretical curves. 
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Fig. 8. - P10t of the experimental values of S vs. pt/M. 

Allowing for experimental  errors both  in ~t and S, the result shows tha t  BD, 
FD and KD fit the experimental  points of baryons ;  KD and PD fit those of 

K-mesons and LD~ PD and KD fit those of ~-mesons. 

Al though the experimental  data  are not snffmient to reject any one of KD~ 

I 

10 

v 
. 1 0  ~ 

I I I .J _~_1 , I _ I ; I I P ) 

10 -~ 10 c , 10 ~ 
M/.T 

Fig. 9 . -  Relation of pt/M, S and (~/M2)�89 
vs. a = M/kT: curve a) pJM, curve b) S and 

curve c) (p~JM~)t. 

BD and FD for baryons,  ~ny one of 

PD and KD for K-mesons and any 

one o f K D ,  LD and PD for ~-mesons, 

when we discuss a]l the experimental  

points of S vs. ~ t /M in Fig. 8 for all 

kinds of particles as a whole, BD 

and LD cannot  be accepted, as these 

distributions fail to give correct val- 

ues of S vs. -Pt/M for some particles. 

The KD fits both  mesons and baryons  

and is a good approximat ion for 

both PD a n d F D  when exp [E/kT] >> 1 

and is applicable to both  mesons and 

baryons.  The values of For~M, S and 
(p])�89 for KD are plot ted as a func- 

tion of a = M/T k  and is shown in Fig. 9. 
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The experimental  values of S for n-mesons are plot ted in Fig. 10. The ex- 

pecta t ion values of S for LD, KD and PD for ~ / M  = 2.48 are 0.707, 0.667 

und 0.644 respectively and are also shown in Fig. 10. 

12 / BD KD PD LD 
; ; r ; 

~o 8 

c 4  

0 
0.50 

S 
Fig. 10. - Distribution of ~ of =-mesons. 

Although we cannot  determine uniquely the best-fit distr ibution among 
LD, PD and KD for n-mesons, the value of S of LD is slightly larger than  most  

of the experiraentM values and those of KD and PD are quite consistent with 

the experimentaI  vMues. 

Thus, in conclusion, the experimentM Pt distributions are well represented 

by  FD for baryons with k T : :  (0.110--0.125)GeV and by PD for mesons 

with kT,-~0.125GeV, whereas BD with a 2 : ( 0 . 2 - - 0 . 4 ) ( G e u  ~ for bary-  

ons and LD with Po : :  0.16 GeV/c for ~-mesons also fit the experimental  

data.  
For  all kind of particles, KD with k T  : 0.125 GeV expresses  well the 

experimental  p~ distributions. The experimental  values of k T  for various kinds 

of particles are listed in Table I I .  

F rom Table I I  and Fig. 2, we  can see tha t  the vMue of k T  is nearly constant  

ior all kind of particles and is ~ 0 . 1 2 5  GeV. 

TABLE II. - -  Temperature o] emitting system estimated ]'rom the experiment o] BIGI 
et al. (:1) ]or various kind o] particles. 

~ (GeV/c) 
I~T (GeV) 

=o =• K A ~ Z + E- 

0.30 
0.120 

0.32 
0.128 

0.37 
0.118 

0 . 4 7  

0. i l l  
0.53 
0.123 

0.58 
0.125 
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The ~, value calculated from PD for mesons and FD for baryons using 
k T  = 0.125 GeV is shown in l~ig. 2. The agreement with the experimental values 
is fairly good. 

4.  - D e r i v a t i o n  of  var ious  p~ d is tr ibut ion  f u n c t i o n s  f r o m  s ta t i s t i ca l  th e o r y .  

In  Sect. 3, it is concluded that  the gross features of the p,  distribution and 
its dispersion a are well accounted for by PD for mesons and FD for baryons by 
adjusting a parameter  a ---- M / k T  in which k T  is practically constant for all 
kinds of particles and is --~ 0.125 GeV. Also~ KD alone fits well for all kinds 
of particles: baryons and mesons. 

This conclusion suggests the fact tha t  the ~t of secondary particles are 
determined by a statistical law in the final-state interaction in multiple par- 

ticle production processes. 
Let us now consider the p~ distribution of different kinds of secondary parti-  

cles produced in various types of events of given primary energy. ~or the sample 
composed of various types of events, the parameters which characterize a spe- 
cified process or interaction, such as the decay process of resonance states of 
mesons and baryons, become insignificant because the p~ values of secondaries 
of a specified event are integrated over sample, s which are a superposition of 
various types of events. Therefore, the Pt distribution which reflects the 
characteristics of multiple particle production process as a whole is governed 
by statistical factors which are common to all the events, i .e .  the phase-space 
volume available for the secondary particles in the final-state interaction of 

the production process. 
Idegarding the final-state interaction, it is not possible to specify a model 

o1" a process exactly by the p, distribution alone, as it requires a good knowledge 
of the differential cross-section for the production of various kinds of particles. 
However, Fermi's and Landau's multiple particle production theories success- 

fully derived the characteristic features of multiple particle production by 
making use of plausible assumptions as to the n~tlu'e of this final-state inter- 

action. 
Assuming the secondary particles to be produced through states of thermal 

equilibrium of final-state interaction, whatever the processes through which 
the particles are produced may be and not necessarily those assumed by FER_MI 
and LANI)AII, the momcntum distribution of the produced particles in the 
production system will be given approximately by Planck's distrlbution for 
mesons and by Fermi's distribution for baryons when the number of produced 
particles is large. As we are dealing with inelastic collisions as a whole~ it is almost 
impossible to calculate the parti t ion function through which all the details of 
production of the secondaries can be drawn, because we cannot know all t h e  
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processes involved in the part icle product ion process, as the characterist ic  
quanti t ies  such as tempera ture ,  energy of the secondaries~ inelasticity of the 
interact ion,  cannot  be es t imated  by  the model, bu t  are to be de termined 
by  exper iments  and need not  be equal  to those given by  the theory  (*). 

One m a y  derive the P t distr ibution funct ion in the product ion  system using 
Planck 's  or Ferret 's  n lomentum distr ibut ion 

1 pO. 
(5) e=(p, cos 0, ~) d p d  cos 0d~ = 37_~ exp [E/kT] -- (Sz 1) d p d  cos 0d~0, 

where ~V• is the normalizat ion constant  and is equal to 

Ks(na) 
~V~ : 47~a -~ (--  1) . . . . . .  4 ~ ( a ) ,  

n =1 n 

E, p, M, 0 and ~ are the energy, momentum,  mass, space angle and az imutha l  
angle of the emi t ted  particle,  :/' is the t empera ture  of the emit t ing system~ k 
is the Bol tzmann  constant ,  and ~- refers to Planck 's  distr ibution a n d -  to  
Fermi 's  distribt!tion. 

As pt is invar iant  under  Lorentz  t ransformat ion of the emit t ing system 
moving in tile direct ion of the pr imary,  the p, distr ibution funct ion is unaf- 
fected by  the veloci ty of the emit t ing system whatever  the longitudinal velo- 
ci ty of the emit t ing system may  be. In a jet, the  emit t ing system might  be 
moving with a velocity having a component  perpendicular  to the direction 
of motion of the pr imary,  t towever ,  the lack of positive exper imenta l  evi- 
dence of azimuthal  anisotropy indicates tha t  the veloci ty  of the emit t ing  
system perpendicular  to the direction of the pr imary  is not  large enough com- 
pared to the longitudinal veloci ty  of the system to give rise to azimuthal  
anisotropy.  We may  neglect the t ransversal  veloci ty of the emit t ing system. 
Thus~ we assume here tha t  the emit t ing system is moving in the dh'ection of 
the pr imary .  

As the pt  distr ibution in the emit t ing  system and in the 1.s. ( laboratory 
system) are the same, we can calculate the p t distr ibution in the emit t ing system 
using eq. (5). 

Changing the variables from (p, cos0) to (pt, p~=:pcos  0 ) an d  in tegra t ing  
eq. (5) with respect  to r and p~, we iind eq. (1). 

In  the ease of E / k T  >> 1, which holds bo th  for baryons and K-mesons, w~ 

(') Note added i~ proo]. - On a basis of a statistical thermodynamics of strong 
interaction, R. tIAGEDOI~S, st,~rting from the partition function, derived the p~ distri- 
bution of KD (Suppl. ;Vuovo Cimento, 3, 147 (1965)). 
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m a y  neglect :L1 in eq. (5) and thus  get 

p2 
(6) o(p, cos 0) dp d cos 0 ---- ~ exp [-- E/k1'] dp d cos 0,  

A) K D  is obta ined  by  in tegra t ion  of (6) wi th  respect  to p ,  we get eq. (2). 

B) BD is obta ined  as follows. By the fur ther  approx ima t ion  p2/M~<< 1. 
and using E ~ M § we integTate eq. (6) wi th  respect  to p ,  and obta in  
the  expression of BD given by  eq. (4), where a ~ :  2MkT. 

C) LD is ob ta ined  as follows. By ano ther  approx imat ion  p ~  (M, Pz), 
pu t t i ng  E ~ p t §  M-~-p ,  we in tegra te  eq. (6) over  p~ and get  eq. (3). 

One can see tha t ,  f rom the above  der ivat ion,  LD will not  fit ba ryons  und 
K-mesons  because the approx ima t ion  pt /M>>l does not  hold. Also, BD 

cannot  be applied t o  =-mesons and  K-mesons,  as the approx ima t ion  p/M (.< 1 
d o e s  not  hold. 

i0 ~ 

10-' 

h~ v 

I I I . - . A  1 16 ~ �9 ! 1____ I 
0 0 , 2  0. /4 0 0 , 8  | . 0  '1.2 

Fig. l l .  - Iutegral Pt distribution of re-mesons calculated by PD. Curves 1)-8) represent 
those with Pt ---- 260, 280, 300, 320, 340, 360, 380, 400 ~r respectively. 
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Table  I I I  shows the v a l i d i t y  of the  a, s s u m p t i o n s  for va r ious  k i n d  of pa r t i -  

cles i n  the  course of the  d e r i v a t i o n  of va r imls  t heo re t i ca l  d i s i r i b u t i o n  func t ion .  

TA~L}" i i i .  -- Validity o] various theoretical p ,  distribution ]unctions for various kinds 
o] parlicles in a region where p f - -  (0--1.0) GeV/c. (0:  applic~ble, X: not applicable). 

Distribution function u-meson K-meson Baryon 

i 
1)D : 0 I 0 �9 X 
FD : X X 0 
KD 0 0 0 
BD X X 0 
LD 0 X X 

However ,  t he  above  va l id i ty  res ts  on s t a t i s t i ca l  t heo ry  a n d  f rom the  p o i n t  

of v iew of f i t t ing  the  P t d i s t r i b u t i o n  f u n c t i o n s  to the  exper imenga]  one, we have  

no  a pr ior i  reasons  to be l ieve  t h a t  a n y  one of the  above  d i s t r i b u t i o n  f unc t i ons  

is more  f u n d a m e n t a l  t h a n  the  other,s. 

0 
10 

10 -~ 

A\ 

6) 

10 -2 

o o ,  

] 

-<. 

I . . . . . .  1___ - - i  

1.0 1.2 

Fig 12. - Integral Pt distribution of K-meson calculated by KD. Curves 1)-6) represent 
those with fit = 300. 325, 350, 375, 400, 425 MeV/c, respectively. 

3 2  - l l  N u o v o  C i m ~ n ~ o  A .  
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Regarding the analytical expression of the p~ disti4bution, reL (~5) insists that  
only the BD is compatible with the assumption of arAal symmetry (A.A.S.) 
of jets and thus rejects all other possible expressions of the p, distribution 
functions because, on the basis of the deficiency of evidence of azimuthal 
asymmetry and of the result of the deduction of BD in ref. (~), the assmnption 
of A.A.S. leads only to the BD for the Tt distribution of secondary particles. 

However, we adopt all the above expressions (1)-(4), because the Tt dis- 
tribution functions given b y  eqs. (1)-(4) are not incompatible with A.A.S. 
of jets and it seems that  the inference given in ref. (~) cannot be justified for 
actual jets. The details of the derivation of BD based on A.A.S. are shown 
in the Appendix. 

The analytical expressions for the integral pt distribution I ( ~ p t ) ,  ~ / M  

and p~/M ~ for the theoretical pt distributions given by eqs. (1)-(4) are listed 
i n  Table IV. 

The curve of the integral pt distribution for ~-mesons by PD~ that  for 
K-mesons by KD ( ~  PD) and those for nucleons by KD ( ~  FD) for various 
values of Pt are given in Fig. 11-13. 

T A B L E  I V .  -- Analytical exzpressions o/ integral distribution /unctions, average values. 
Pt and ~ ]o~ various theoretical distributions. 

FD (+)  

FD (--) 
G_~ (y ) 1~ (y ) 
- - -  dy 
F~(a) F+(a) 

HAa)  

.F~(a) 

y2Kl(y ) y2K2(y ) (n/2)�89 a! K~.(a) 
- - - -  - -  dy 
a2Ks(a) 

I~(a) 
F~(a) 

2aKa(a) 
KD a~K~(y ) a2K2(a ) a~K~(a ) 

BD 2~P --2 exp [--p~/~] dp~ exp [--p~/~] (:~�89 4M~/~ 2 

p~ exp [-- Pt/Po] dpt \ ] 1  ~- ~ exp [--PdPo] -~ M--- ~ 

In the above y ~ (M s ~-p~)�89 a m  M/kT,  r = 2 M k T  (*), Po = kT  (*), 

G.(y) = y ~  ( i  1)n+lKl(nY), F+(y) = y ~  (~- l)n+,K~(ny)/n, 

H~.(a) = (g/2)~a ~ (• 1)'+lKt(na)/n~, I:e(a) 2 a ~  ( •  1)"+lK3(na)/n 2. 

(*) D e p e n d e n c e  of  ~ a n d  Po o n  k T  a r e  d e r i v e d  i n  S e c t .  4 .  
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c 
10 ~ E _ .  

,o t 

^\ 

5) 

10 -2 L 

~ ~  ~ ' ' ~ - ' : ' i ' 0 0.2 0.4 0.6 0 S 1 0 1.2 

p: F(oev) ~' 

Fig. 13. - Integral Pt distribution of nucleons calculated by KD. Curves 1)-5) represent 
those with Pt ~ 300, 350, 400, 450, 500 MeV/c, respectively. 

5. - M o m e n t u m  dis tr ibut ion of = - m e s o n s  in c .m.s .  

Severa l  authors  (8.9,13.17,21.22) have  given the angular  dis t r ibut ion and the 

pt  vs. p~ plot  (in c.m.s.) of the  secondary part icles f rom nuclear  interact ions.  

One can see tha t ,  in general,  ~ t ~  Pz holds for the secondaries f rom ~.-p and 

p-p  interact ions  bu t  one ca, n see also t h a t  the  angular  dis t r ibut ion of ,-:-mesons 
f rom =-p collisions of mul t ip l ic i ty  n , > 6  and those of 7~-mesons f rom p-p col- 

lisions are a lmost  isotropic in c.m.s, except  for a small  f rac t ion  of fo rward  or 

backward  co]liinated ones, and thus the sys tem emi t t ing  7:-mesons is a lmost  

a t  res t  in c.m.s. Thus,  if the :assumpt ion  made  in the  last  Section concerning 

the  m o m e n t u m  dis t r ibut ion of ::-mesons in the  emi t t ing  sys tem holds good, 
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the m o m e n t u m  dis t r ibut ion of T.-mesons in c.m.s, would be t ha t  of Planck.  

Thus,  the  m o m e n t u m  d is t r ibu t ion  of P lanck  direct ly fits the exper imenta l  
m o m e n t u m  dis t r ibut ion in c.In.s, of ~-mesons f rom p-p interactions.  This was 
confirmed, for the exper imen ta l  da ta  of 24 GeV p-p in te rac t ion  given in 
ref. (~e), b y  ref. (~7) which shows good agreement  be tween  the  exper imenta l  
m o m e n t u m  dis t r ibut ion  of ~:-mesons and the theoret ical  d is t r ibut ion of Planck.  

This suppor ts  the previous assumpt ion  and the p ,  dis t r ibut ion der ived 

f rom eq. (5) fits the exper imen ta l  Pt dis tr ibut ion.  However ,  for part icles 

o ther  than  T.-inesons in p-p collisions and  all t h e  part icles  of h igh-mult ip l ic i ty  

events  f rom ~-p interact ions  except  for mesons of charge opposite to the  
p r i m a r y  meson,  the emi t t ing  sys tem of part icles is moving  in c.m.s, in the 

direct ion of the p r i m a r y  and the veloci ty  dis t r ibut ion of Lhe emi t t ing  sys tem 
depends on the type  of collision. Thus,  unless we assume the dis t r ibut ion of 

the  longi tudinal  veloci ty  of the emi t t i ng  sys tem of particles,  i~ is not  possible 
to compare  ~he exper imenta l  m o m e n t u m  distr ibut ion with the theoret ical  one. 

6. - Relation between the multiple particle pro~uction of inelastic interactions and 

elastic scattering. 

6"1. Elastic p-p scattering. - For  the exper imenta l  p ,  dis tr ibut ions of 
small-angle elastic scat ter ing given in ref. (3), those of protons f rom inelastic 
collisions which are given in ref (55) and those of ba ryons  in this paper ,  the 
d is t r ibut ion  funct ions are expressed by  the same distr ibution funct ion:  BD. 
We will now compare  the  above  th ree  cases. 

We have  a l ready shown t h a t  the  exper imen ta l  pt dis t r ibut ion for ba ryon  
secondaries f rom inelastic nuclear  in teract ions  are well expressed b y  FD,  and  

and  t h a t  FD is app rox ima ted  by  KD for y >> 1: 

(6') 
1 

]x(p,)dp~ : :  ~-- y2 Kl(y)dy.-~ y~ cxp [-- y] dy ,  Y =-: ( M~ + p~)�89 T .  

Equa t ion  (6) reduces to the  following expression of BD when Pt < M e  and 

M / k T  ~ l : 

(7) 

(26) 1'. DODD, M. JOBES, J. KINSON, B. TALLINI, B. R. FRENCH, H. J .  SHERMAN, 
I .  O. SKILLICORI~ ~, W .  T.  DAVIES, .'vl. DERRICK ~nd D. R:~DOJI~I~: Proc. Aix-en-Provence 
Con]., vol. 1 (1961), p. 435. 

('zT) K. IMAEDA and T. 1 ). SIIAH: Nuovo Cimento, 41, 405 (1966). 
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On the other  hand,  for elastic p-p scattering', ~NAICAYAN" and SItAR3IA (as) 
adopted  the following expression for p,-- :  ( 0 - - 5 ) G e V / c :  

(8) (exp [ - -  ap~] -- p~ exp [ - -  bp ,] ) 2p ,dp , , 

where a - -  9 (GeV/c) --~ b === 8.4 (GeV/c)-L For  small  p , ,  only the first t e r m  is 

appreciable  and thus,  eq. ( 8 ) i s  2p~exp[ - -ap~]dp ,  and, for large p~, only 
the second t e rm  is appreciable  : 2p~exp  [ - -  bpt]dpt.  

OICEAIr (~) gave the expression of BD for protons  f rom diffraction scat- 
ter ing:  

(9) exp [-- ,.it] dt ~--exp--  [ 4h~ J dp~, 

where Rn is the r .m.s,  radius of the ~-meson and is 1.2-10 -~3 cm, t is the mo- 

m e n t u m  t ransfer  and is re la ted  to Pt b y  p ~ = - - t - - t ~ 1 7 6  for large p of 
the incident  protons  in c.m.s, and in eq. (9) this approx ima t ion  is used. 

CUAVDA and NAI~AYAX (29) introduced an expression of the p ,  dis tr ibution 
for protons  f rom elastic p-p scat ter ing:  

(lo) e, p [- 4 dp' /(d 

where c = 7.38 (GeV/c) -~, d--=-0.1225 (GeV) 2 to explain bo th  the  large-angle 

scat ter ing of type  similar  to L]) and the diffraetion scat ter ing of type  BD. 
Express ion (6) is similar  to eq. (10) when c = 1 / k T  and d = M 2. By com- 

parison of eqs. (3) t h rough  (7) for the p~ dis t r ibut ion of part icles f rom ine- 

lastic collision and eqs. (8) th rough  (1.0) for t ha t  of elastic p-p scat ter ing one 
might  expect  t ha t  there  should be close co r re l a t ion  be tween those two distri- 
butions,  namely ,  the p,  dis t r ibut ion of the part icles f rom mult iple  product ion  
and t h a t  of elastic p-p sca t ter ing  are governed by  the same law. 

Now, compare  the character is t ic  constants  T, M, Po, ~, c, d, a and b in- 
vo lved  in the expressions (3) to (10). 

As one can see t h a t  ] / k T  := 8 (GeV) -z agrees wi th  the  corresponding con- 
s tants  b == 8.6 (GeV/c) -~ and c = 7.38 (GeV/c)-L These constants  character-  
ize large-angle elastic p-p scat ter ing and mnl t ip le  par t ic le  product ion and the 

agreement  of these constants  means  t h a t  all the dis t r ibut ions tend  to ]~1) for 
large p~ as will be discussed�9 in the  nex t  ~ectmn.  

On the other  h a r d  the  cons tant  ] / ~ 2 _  (2 .5-  5.0) (GeV/e) -~ is much smal- 

ler than  the corresponding constants  A ---- R~./4/~ 2 =: a --  9 (GeV/c) ~- and c/2d � 89  - 

== i0.5 (GeV/c)-L This means  tha t ,  though the dis tr ibut ions can be expres- 

(~s) D. 8 N,tmt~A_,,- and K. V. L. SAmarA: Phys. Zett., 5, 365 (1963). 
(29) j~. K. 0HAVDA a.lld D. S. NARAYAN: ,~rUOVO (Jimento, 43A, 382 (1964). 
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sed by  BD for bo th  cases, the  expe r imen ta l  slope a = c/2di of the  Pt dis- 
t r ibu t ion  of diffraction scat ter ing is abou t  three  t imes (= a/(1/:r steeper  

t h a n  t ha t  of the inelastic one. I f  one a t t e m p t s  to explain diffraction scat- 

te r ing  by  the  same mechan i sm as mul t ip le  part icle  product ion,  the in te rpre ta t ion  
of kT or the  mass  M in eq. (2) should be a l tered so t h a t  A ---- 1/a S = 1/2MkT. 

However ,  ne i ther  of t h e m  can be modified because kl' is a cons tan t  for 

all kinds of part icles  and  the mass  in also assigned to each k ind  of par t ic le  and  

thus  cannot  be altered. This shows tha t  the pt  dis tr ibut ions of the two proces- 
ses are governed by  a different law. 

i n  the  case of inelastic events ,  the exponent ia l  slope 1/~ 2 of the p~ distri- 
bu t ion  of ba ryons  has mass  dependence as can be seen in eqs. (4) and  (6) a.nd 
the  smaller  the mass of the  part icles  the  s~eeper the exiaonential slope, whereas 

in the  case of diffraction scat ter ing the slope R~/4?F- is a lmost  consta.nt and does 
not  depend so much  on the  mass  of the  part icle.  

~6"2. Cocconi's conjecture. - The Pt d is t r ibut ion  of the  re-mesons f rom nuclear  
in te rac t ions  bo th  of accelera tor  energy  and of cosmic-ray energy (1.4) and t h a t  

of pro tons  f rom elastic p-p scat ter ing a t  large angles (3) of Pt = (0.5--few) GeV/c 

are given by  a common  expression:  p t exp [-- p t/Po] dp t, Po ---- (0.15 -- 0.16) GeV/c. 
S~ve ra l  aa thors  noticed the  s imi lar i ty  be tween  the p~ dis t r ibut ion of pro- 

tons f rom large-angle elastic p-p scat ter ing and tha t  of ~-mesons f rom inelastic 

scat ter ing.  
Cocco_~I (~) conjectured t h a t  all kinds of secondary part icles f rom nuclear  

in terac t ions  have  a common  Pt d is t r ibut ion  expressed by  LI)  given above.  
Now we compare  our resul t  on the p~ dis t r ibut ions to those of protons  of 

large-angle elastic p-p scat ter ing.  

F D  and PD reduce to K D  for E/kT>>I which, when  p,/M<<l, does not  
agree wi th  LD. 

Thus,  in a region of Pt f rom 0 to 1 GeV/c, the  pt  d is t r ibut ions  of K-mesons  
and  ba ryons  do not  agree wi th  Cocconi's conjecture  and  LI)  should be re- 

p laced b y  KD.  
However ,  for pt  >> Mc and p~, if the s ta t is t ical  theory  still holds good in 

this region and  kT is independent  of the masses  of the  part icles,  the  p~ distri- 

bu t ion  becomes independent  of mass  and  the  expression becomes LD as Coc- 

coni conjectured.  The condit ion p,>> Mc puts  the  l imit  Pt>b 0.14 GeV/c for 

~-mcsons and p ,  >> 1 GeV/c for ba ryons  ,rod this is the  reason why the  Pt distri- 

bu t ion  of ~-mesons of cosmic-ray jets  and  t h a t  of protons  f rom large-a.ngle 

elastic p-p sca t ter ing  of P t >  1 GeV/c have  a common  expression of LD.  Thus,  
the  resul t  on whe ther  the  shape of the Pt d is t r ibut ion  in a region of p ,  > 1 GeV/c 

for  all kinds of part icles  is LD or not  and whether  the s h a p e  depends on mass  
or not  offers a crucial  tes t  for the  appl icabi l i ty  of s ta t is t ical  theory  of mul t ip le  

part icle  p roduc t ion  and  Cocconi's conjecture.  
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However ,  since the data  of p~ > 1 Geu  for inelastic events are at  pre- 
sent deficient, we cannot  give any firm conchlsion on the val idi ty  of LD for 

p~ > 1 Geu 

7 . -  Conc lus ions .  

2) 

3) 
process 

4) 

1) ~t increases wi th  increasing p r imary  energy in the  region of F%<6 GeV 
but  stays cons tant  in the  region of E from 6 GeV up to cosmic,ray energy. 

pt increases with the mass of secondary particles. 

lit depends slightly on the mfiltiplicity, emission a.ngle and product ion 
of the secondaries. 

~t of ~-mesons decreases with increasing multiplicity.  

5) The exper imenta l  pt  distributions of mesons (~, K) and baryons  (.J~', 
A ,  E ,  ~.) of Pt~-(0-:-1.0)GeV/c are well represented by  the pt  distr ibution 
derived from the m o m e n t u m  distr ibut ion of Planck and tha t  of Fermi  with 
kT = 0.125 GeV respectively.  

6) KD represents  well the exper imenta l  Pt distr ibution of all kinds of 
particles of kT = 0.125 GeV. I t  is an approximat ion  to bo th  PD and FD. 

7) LD and BD represent  well the exper imentalp~ distr ibution of ~-nlesons 
~nd baryons,  respect ively,  with Po ~-- 0.16 GeV/c and ~2 = = (0.2-: 0.4) (GeV/c) ~. 

8) The shape of the Pt dis tr ibut ion of nucleons f rom large-angle elastic 
p-p scat ter ing is similar to tha t  of baryons  from inelastic events:  The p,  
distr ibutions for all these particles are explained on the basis of the statistical 
theory  of mult iple part icle production.  

9) The shape of the p~ dis tr ibut ion for Imcleons from small-angle p-p 
elastic scat ter ing is different f rom those of inelastic scattering. 

s i t  is conjec tared  tha t ,  if the  product ion  mechanisms are the same 

for particles ill the  region of Pt greater  t han  i GeV/c as in t h a t  of pt smaller 
than 1 GeV/c, the  Pt dis t r ibut ion in the region where p t >  1 GeV/c becomes 

LD with Po = 0.16 GeV/c and is independent  of the mass of the secondaries 
as Cocco~I  has conjectured.  Conversely, if the Cocconi's conjecture holds 

good in the  region where P t >  1 GeV/c, we can conclude tha t  the mult iple 
part icle product ion  process is governed by  a stat is t ical  law. IIowcver,  at  
present ,  ve ry  few exper imenta l  da ta  are available. We cannot  give any firm 
conclu,~ion on this conjecture.  
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A P P E N D I X  

The assumption of axial  symmet ry  alone is not  sufficient to deduce the BD~ 
because the axial  symmet ry  restr icts  the m o m en tu m  distr ibution funct ion 
F(p~ cos 0, q0) of the secondary particle such tha t  /V(p, cos 0~ ~) is independent  
of ~, the ~zimuthal  angle. 

To derive BD, the assumption of stat is t ical  independence~ i.e. assumption 2) 
in the following, is necessary, but  assumption 2) does not  necessarily hold 
for secondary  particles (3o). 

The BD funct ion is derived on the basis of the following three  assumptions:  

1) Assumption of independence of the Pt distr ibution on the angle 0: 

F(p,  cos O, qg) = t~'(pt, ~)F"(cos 0) . 

2) Assumption of s tat is t ical  independence of p~ = p~ cos ?, p~ = p~ sin~: 

F'(p,, (p) = f l ( p ~ ) / ~ ( p , )  �9 

This assumption of stat is t ical  independence is necessary to derive BD, 
because wi thout  this assumption,  the A.A.S. alone leads to the Pt distr ibution 
funct ion F ( p t ,  ~) independent  of 9 and the funct ion /7,(pt) is an a rb i t ra ry  
funct ion of pt and  not  necessarily BD. Bu t  this assumption is not  generally 
assumed in cosmic-r~y jets. 

3) Assumption of axial symmetry .  The distribution funct ion does not  
change under  ro ta t ion  of angle T around the z-axis: 

p~ = p, cos 9 -- Pv sin 9 and p~ =: p~ sin 9 -~ p~ cos ~ .  

Using dp',dp'v=dp~dpv and pu t t ing  9------90 ~ we obtain, f rom ]I(P'-)"]2(Pr 
dp'-dp~-----/I(P,) .]~(p~)dp, dp~ ]I(P,)----f2(P~) and f, and  ]~ ~re even functions of 
the  argument ,  i.e. 

(A.1) ]~(p~) ]2(p~) = F(p~)~'(p~) �9 

F r o m  eq. (A.]), we can derive F(p~)----C exp[--p~/a],  by the same pro- 
cedure as in ref. (~4). 

(3~ J. R. WAYLASD and T. BOWEN: preprint, July 21 (1966). This paper has been 
received after completion of this work. The authors pointed out that BD is a too strong 
condition imposed on jet and reached the same conclusion for BD. 
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R I A S S U N T O  (*) 

Si eseguc u n ' a n a l i s i  del  m e m e n t o  t r a s ve r s a l e  s p e r i m e n t a l e  jot delle par i ice l le  secon- 
dar ie  p r o d o t t e  in  i n t e r az i on i  nuc i ea r i  di a l t~  ene rg ia  nel la  zonn  di ene rg ia  degli  acce- 
l e ra tor i .  II v~lore  medio  di pt pe r  e iascuua  specie di par t ice l le  5 quasi  e o s t a n t e  pe r  energde 
p r i m a r i e  d a  6 GeV s ine  ,~ll 'energia dei raggi  cosmici.  Si a d a t t a n o  mo l t e  d i s t r ibuz ion i  
t eo r i che  di Pt zll~ d i s t r i buz ioae  spe r imen t~ le  di p~. Le  d i s t r ibuz ion i  s p e r i m e n t a l i  di jot 
dei meson i  r,, meson i  K, nucleoni ,  A e E sono beno  a p p r o s s i m a t e  dal le  d i s t r ibuz ion i  
t eor iche  di pt dedo t t o  dal le  d i s t r ibuz ion i  di P l a n c k  pe r  i m e s o n i e  di F e r m i  pe r  i ba r ion i .  
I1 p ~ r a m e t r o  ea r a t t e r i s t i co  k T  usa to  ne l la  d i s t r i b a z i o n e  teor ic~ di jot ~ quas i  co s t an t e  
pe r  t u t t e  le specie di pa.rtieelle ed  5 ~ 0 . 1 2 5  GeV. Si cl imostra ehe la d i s t r ibuz ione  
di JO~ dei p ro ton i  d,% s c a t t e r i n g  e las t ico p-p di g r a n d e  angolo  e quel la  dei seeor~dari d~ 
in t e raz ion i  ar te las t iche  sono  di f o r m a  simile e sono g o v e r n a t e  da l la  s tessa  legge s ta t i s t i cs .  
Si d iseute  la  re laz ione I r a  le due  s u d d e t t e  distriblLzioni di jot. Sulla base  della teor i~ 
s t a t i s t i ca  si r i p o r t a  una  deduz ione  della d i s t r ibuz ione  t eor ica  di Pt- 

(*) Traduz ione  a eura delht t tedazione.  

Pacnpe~e.Tienlle IlOHepeqHblX HMHy.rlI~OB BTOpHqHIdX q a c T ~  

npn ~l~eplmlx B3aHMO~e~CTBHEIX l lpn BblCOKEIX 3HeprH~lX 

14 XHTepnpeTatnm nocpe~cTnOM CTaTI4CTIIqecIcoH MO~eJll4. 

Pe3ioMe (*). -- I-IpOH3BO21HTC~I 3KcnepnMenTa~bHblfi anaJ~J3 nonepe~rmix IIMIIyJIb- 

COB pt  BTOpH xtHblX qacTttl_I, po)g~eHHblX B $/j~epHblX B3alJMOj/eI~CTBttEX TIpH B/alCOKItX 
3HeprHflX, nonyqaeMblX Ha yCKOpHTe~flX. C p e ~ H ~  Be~nqnHa jot )I~n OT)Ie~Horo COpTa 
qaCTHtl ~BJI~eTCfl I]OqTH IIOCTOflHHO~I/(IJ-lSl Ha~aJ1bHOi~ 3HepFHH OT 6 FaB BI"IJIOT]b ~O 3HeprH/r 

KOCMnqecKHx ~yqefi. H e r o T o p b m  TeopeTHqecKiie Pt pacnpe~enenn~  COOTBeTCTByK)T 

3KcIIeplIMeHTaJIbHOMy jot pacnpe~e~ennm,  l~)KCIlepHMeHTa~bH]ble pacnpej ienerm~ n- 

Me3OHOB, K-Me3OttOB, Hy/CIOHOB, A lI 5~ x o p o u l o  OIII4CI, IBalOTC~I HOCpe~CTBOM T e o p e ~ -  

qecrax  jot pacnpe~enenn~ ,  noay~eanbrx  H3 HMny2]bCltOrO pacnpe~eaenn~  H a a s r a  a ~ s  
MeaOnOB n ~ e p M n  ~aa  6 a p n o n o a .  XaparTepucTn~ecrn~  napaMeTp kY, BxoJD/IIIHI~ B 
TeopeTnqecroe  jo t  pacape~enenue ,  llptI6JIn3ItTeJIbltO p a a e ~  KOttCTaHTe j/J]fl Bcex COpTOB 

qacTn~t ~ paaen  ~ 0.125 FaB. I-lora3~maeTc~, ~TO JO~ pacnpeaene rme  npoToHoa /Infl p -p  
y n p y r o r o  pacceznna  Ha 6o~b~JHe yFIlbI H jo t p a c n p e ~ e n e n n e  BTOpllqHblX qaCTHH n p n  
n e y n p y r n x  B3aHMo~e~CTBIIflX 51BIlSIIOTC~I O~I4HaKOBbIMH 170 qbOpMe u OH/4C/~IBatOTC~I OJHtHM 
H TeM )Ke CTaTttCTI4~IeCI(HM 3aKOHOM. 0 6 c y ~ a e T c ~  CB~13b Me)gj/~y 3TttM~ ~ByM~I jot pac-  
npe~enen~aMn.  H a  OClfOBe CTaT~CTHqeCgO~ xeopn~ IlpttBOJ/ltTCfl BblBO2~ TeOpeTttqecKoro jot 
pacnpe~eaennn .  

(') HepeseOeno peOaKque~. 


