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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 
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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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sential points in tha t event were a pair of k inks 
in the same event and the coplanari ty relat ion 
satisfied by a charged tert iary and a neutra l 
p ion, as is shown in Fig. 1. 

Utilised detector was a so called emulsion 
chamber which consists of m a n y layers of nu
clear emulsion plates and th in lead plates 

forming a target pa r t and an analysing par t . 
In the target par t , cross-sectional view of the 
secondary t racks of detected interact ion is in
spected each 1 m m along the shower axis to 
find any k ink or vee. M i n i m u m detectable 
angle is less t h a n 10~ 4 rad ian . In the analysing 
par t , we can cleary identify high energy ele
ctrons and j rays by cascade showers they 
initiate, and also can m a k e analysis of their 
energy. M o m e n t u m of charged particle is 
also analysed in this pa r t applying mult iple 
scattering me thod with M D M of TeV/c region. 

After the discovery, hun t ing of the X par t i 
cles has been cont inued exposing emuls ion 
chambers at aeroplane and ba l loon alt i tudes 
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Fig . 2 . Life t i m e d i s t r i bu t ion . 

and also making reanalysis of older cosmic ray 
events ever observed. Table l a is the event 
list in which an associated decay of the X par t i 
cles are observed. In those cases, the back
ground level simulating the t rue decay of 
short-lived particles is guaranteed to be of 
order of 1 0 " 4 as analysed by Gaisser et al2 

Table II shows the sammary of the X particles 
with flight pa th length, ra t io of deflection to 
emission angle, est imated mass and life t ime. 
In Table III , they are classified according to 
the decay type. In two of them, possible new 
kind of cascade decays and mult iple p roduc
t ion of the X particles were suggested. Clear 
case of two body decay is only 3 in 19, and this 
indicates the dominance of mul t ibody decay of 
the X particles. R a w charge neut ra l rat io of 
observed X particles is 14: 5 including detec
t ion bias. 

A b o u t the mass of the X particle, only 
samples of type I in Table III are available. 

Assuming tha t the charged daughter of the X 
particle is a K meson, m e a n value of 1 .85± 
0.4 GeV is calculated from 3 samples. 

Figure 2 shows a distr ibution of life t ime of 
the X particles est imated assuming mass value 
as 2 GeV. Statistics being no t enough, it 
seems unlikely to fit it with a single exponent . 
Roughly saying, the mean life t ime may be of 
order of 7 ~ 8 x 1 0 ~ 1 3 sec, b u t two kind of life 
t imes, 4 ~ 5 x l 0 ~ 1 3 s e c and 1 . ~ 2 x 1 0 " 1 2 sec, 
are also considerable. 

F o r abou t the p roduc t ion rate of the X 
particles in the cosmic ray region, it is difficult 
to estimate it accurately, because of the detec
t ion biases. The ra te of one event per 20 ~ 
40 observed jet showers of 10 TeV region is a 
roughly est imated value as is shown in Table 
l b . 

As ment ioned jus t before, possible new type 
of cascade decays of shortlived particles are 
observed ra ther frequently in the super high 
energy cosmic ray region. Possible sources of 
those cascade decays are, 

1) Successive decay of a charmed baryon 
with higher charm, 3C or Qc. 

2) Decay of new heavy h a d r o n with b o t t o m 
qua rk to a charmed h a d r o n followed by a 
decay of the lat ter . 3 Though a definite ex
p lanat ion is still difficult at present, those 
observations seem to suggest an opening of 
new channels at super high energy region. 
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