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F ig . 9. 

One sees a cluster of events with nr and pTr 

consistent with the accelerator value, showing 
tha t the same type of events still exists in this 
10 1 4 eV range. There are seen ano ther group 
of events which have significantly larger nr and 
pTr. Those are n o t observed in the accelerator 
experiments , and they appear n o w in this; high 
energy region. W e are calling the former as 
H - q u a n t u m type events and the latter as SH-
q u a n t u m type. 
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§1. Introduction 

The first evidence of particles with high 
transverse m o m e n t a was obta ined from obser
vat ions on cosmic ray air shower cores . 1 5 2 The 
cosmic ray evidence u p to 1975, is given in some 
detail in an issue of Physics Repo r t in tha t year . 3 

§2. Observed Characteristics in Collisions 
Around 10 6 GeV 

(a) Magn i tude of pt 

In air shower cores values of pt have been 
measured from "conven t iona l " values a r o u n d 
0.5 GeV/c u p to values as high as 120 GeV/ 
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à. A t this conference the K o n a n - K o b e G r o u p 
repor t s on a sub-core whose pt is at least 
40 GeV/c a n d p robab ly > 1 0 0 GeV/c 5 . 

(b) Cross section for p roduc t i on of high pt 

The showers observed are the results of com
plicated had ron ic a n d electro-magnet ic cascades 
t h r o u g h the a tmosphere (vertical t h i c k n e s s = 
1010 g /cm 2 ) . There is some difficulty in esti
ma t ing the to ta l n u m b e r of had ron ic collisions 
occuring. But it can be es t imated. First ly 
t he frequency of occurence of h igh pt events 
have been de te rmined by the T o k y o Ai r shower 
g r o u p s 6 w h o find t h a t 3 % of all showers of size 
> 1 0 5 have sub cones wi th pt>2GëV/c. 

This figure is confirmed by the Sydney g r o u p 3 . 
Us ing the Sydney results, I have est imated 
t h a t the fraction of collisions giving pt >2 GeV/ 
c9 for energies be tween 10 5 and 10 7 GeV, lies 
between 0.17 a n d 0.012 ( there two extremes 
c o m e f rom two extreme assumpt ions con
cerning the na tu re of the p r imary part icle 
incident in the a tmosphere . ) The coresponding 
fract ion at the I S R (1500 GeV) is - 6 x l 0 ~ 4 . 
This considerable increase is at least qual i ta
tively predic ted by Q C D . 4 

(c) T h e pt differential spect rum 
The dis t r ibut ion of pt in these high energy 

collisions is shown in F i s . 1. 

1 0 2 0 

P j . I N G E V / C 

B E S T E X P O N A N T I A L O F S Y D N E Y G R O U P = - 2 . 6 ± 0 . 2 

/' // // T O K Y O " =-2.7 ± 0 . 2 

F i g . 1. T h i s s h o w s t h e n u m b e r of s h o w e r s p e r 

i n t e rva l o f pt h a v i n g a g iven pt. T h e even t s w e r e 

d e t e c t e d w i t h t h e S y d n e y a r r a y . D e t a i l s in ref. 3 . 

(d) T h e increase in cross section for high 
pt in the range 10 5 t o 10 8 G e V 

Both the Sydney 3 a n d Leeds 8 g roups find 

an increase in the fraction of air showers 
showing high pt as the shower size (and hence, 
the p r imary energy) increases. 

§3. Double Cored Showers 

A t shower sizes (sea level) of —,105 part icles 
we find t h a t a b o u t 50 % of all showers have an 
electron d is t r ibut ion funct ion t h a t shows a 
simple steep m a x i m u m a n d a radia l fall of in 
electron densi ty f rom t h a t m a x i m u m (single 
cored showers) . T h e remain ing — 5 0 % are 
mul t icored showers with two or m o r e m a x i m a 
in the d is t r ibut ion . T w o cored showers are 
sub-set of these. Such showers are observed 
b o t h at sea level and m o u n t a i n al t i tude. 
Examples are given in ref. 3. M o r e recently 
the Japanese-Bras i l i an Emuls ion g roup have 
observed examples of this type of shower in 
their Emuls ion chambers a t high m o u n t a i n 
al t i tude ( ~ 5 0 0 g /cm 2 a tmosphere dep th ) . T h e 
core separa t ion at these very h igh electron 
densities is generally only a few cm. H o w 
ever, some showers with separa t ions u p to 30 
cm are seen (and correspondingly high pt). 

Figure 2 shows a frequency dis t r ibut ion of these 
showers in the var iable {E} </> where {E} is 
the m e a n energy in /--rays in the two cores a n d 
<r> their m e a n dis tance from the centroid in 
cm. It seems possible t h a t using this simple 
analysis one may be able to separate n o r m a l 
pt showers ra ther sharply f rom high pt showers 
a n d s tudy the lat ter in detail . There may, for 
instance, be a cor re la t ion between the lat ter 

F i g . 2. A h i s t o g r a m of t h e n u m b e r of d o u b l e c o r e d 

ev en t s w i t h g iven < £ > <r> for t h e J a p a n - B r a s i l i a n 

E m u l s i o n C o l l a b o r a t i o n e x p e r i m e n t s . 
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and 'Cen tau ro ' events. 

§4. Rapid Development of Large Showers 

A somewhat different (but possibly con
nected) p h e n o m e n o n is the rapid loss of energy 
of very large cosmic ray air showers [Ep> 
10 1 7 eV]. Figure 3 shows the development 
curves for showers of three different (muon) 
sizes as observed by the very large (60 k m 2 ) 
Sydney air shower array. The curves give the 
change in the n u m b e r of m u o n s as the shower 
pass t h rough it a tmosphere , d is the zenith 

9 r 

1.4 1.8 

S E C Q 
OlS T H E S H O W E R Z E N I T H A N G L E S O SEC0 G I V E S 
T H E A T M O S P H E R E D E P T H . 
( F R O M 1 0 0 0 G / C M 2 T O 1 8 0 0 G / C M 2 ) 

Fig . 3 . D e v e l o p m e n t curves for ve ry la rge a i r 
s h o w e r s . E a c h cu rves s h o w s t h e c h a n g e in t h e 
n u m b e r of m u o n s in s h o w e r s of a g iven p r i m a r y 
ene rgy as t h e s h o w e r pas ses t h r o u g h t h e a t m o 
sphe re . De ta i l s ref. 3 . 
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Several years in advance the comencement 
of the ' charmed ' age in high energy accelerator 
physics, a pioneering w o r k on short-lived 
particle observat ion had been carried out in the 
cosmic ray field. In 1971, our group dis-

angle of the shower axis. Hence s e c # = l 
means a shower a t vertical incidence which a t 
sea level was passed th rough 1010 g/cm 2 

before reaching the detector. One can see 
tha t all the showers are declining in size from 
sec d = \ (Le., 1010 g/cm 2 ) to sec 0 = 1.8 (i.e., 
1818 g/cm 2 ) , i.e., t ha t even vertical showers are 
passed their max imum before they reach sea 
level. M o n t e Car lo simulat ions based on 
" I S R " reaction characteristics predict the op
posite. I t seems tha t even at very high energies 
new phenomena are occurring. 
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covered one event 1 showing a pair creation of 
shortlived particles with life t ime a round 1 0 ~ 1 3 

sec and mass a round 2 GeV, in the course of 
investigation of cosmic ray interactions. This 
particle was named by us as X particle. Es-
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