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t ion in the water and also sound, by the thermo-
elastic effects associated with sudden energy 
release. Both the light and sound can be 
detected at considerable distance under sui
table circumstances. Thus, very massive 
detectors become possible. The design of a 
D U M A N D array is about 10 9 ton (gigaton 
detector) to obtain significant da ta on the 
fundamental weak interactions of cosmic ray 
neutrinos at energies of 1 TeV and above. 
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B 10 Centauro 

Y. FUJIMOTO 

Brasil-Japan Emulsion Chamber Collaboration 

This is a short report of collaboration work 
on high energy nuclear interaction of 1 0 1 4 -
10 1 5 eV with emulsion chambers exposed at 
Chacaltaya Observatory, Bolivia, 5200 m above 
sea level. Figure 1 gives structure of the 
chamber. The present results cover the da ta 
from four chambers of such type exposed suc
cessively for a period of one to two years each. 
Our apparatus consists of electron shower 
detectors, which are multi-layered sandwiches 
of Pb-plates, nuclear emulsion plates and X-ray 
films. 

Figure 2 demonstrates how the chamber 
detects cosmic-ray electrons, gamma rays and 
hadrons . Figure 3 shows an example of cali-
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Fig . 1. 
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bra t ion of our energy measurement th rough 
coupl ing of two gamma-rays in to a pi-meson. 

Figure 4 illustrates the first event of Cen-
t au ro . Showers in the lower chamber are 
had rons with collision mean free p a t h of the 
usual value. Es t imat ion shows tha t a bundle 
of 71 had rons are arr iving a t the chamber with 
n o association of electrons or gamma-rays 
above the detection threshold ( £ ,

r ^ 2 T e V ) . 
The geometry measurement in the upper and 

1 cm 

F i g . 4 . 

lower chamber tells tha t the bund le is divergent 
from a po in t at 50 ± 1 5 m above the chamber . 
Assuming it to be posi t ion of the parent interac
t ion in a tmosphere , the h a d r o n multiplicity at 
p roduc t ion will be ~ 7 4 . 

We have at present four such examples, and 
the Table gives their outl ine. The c o m m o n 
characterist ic is t ha t the event is large in the 
lower chamber showing presence of large 
number of hadrons . Est imat ions are given for 
multiplicity of hadrons a n d gamma-rays (or 
electrons) at the t o p of chamber and also at the 
po in t of pa ren t nuclear interact ion in a t m o 
sphere. The height of interact ion is deter-

T a b l e . F o u r C e n t a u r o even t s 
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mined from the lateral spread referring to the 
event I, under assumption of constant pT. 

Distr ibut ion of pT, fractional energy and 
rapidity of hadrons produced at interaction 
are given in Figs. 5, 6 and 7, which show tha t 
all the four events are of the same type, called 
Centauro . Interpretat ion is given as produc
t ion of a fire-ball of rest energy ~ 2 0 0 GeV 
decaying into ~ 1 0 0 hadrons . Absence of 
neutral pi-meson indicates tha t pi-mesons are 
no t significant numbers and the decay pro
ducts are likely to be baryon pairs. 

Centauro is one of typical nuclear interac
t ions in energy range of i ? 0 ~ 1 0 1 5 e V . The 
study on interactions with EQ~ 1 0 u eV is made 
th rough observation of C-jets, interactions in 
the target layer of 1/3 nuclear mean free pa th 
thick, as shown in Fig. 8. Figure 9 gives dis
t r ibut ion of energy and emission angle of ob
served secondary gamma-rays in the C-jet 
events with IEr^20 TeV. Here we will 
present one diagram showing characteristics of 
those interactions. Figure 10 is the diagram 
of (pTr} and gamma-ray multiplicity per uni t 
rapidity, nr, and each observed C-jet with 
IEr ^ 20 TeV is represented by a dot . Nuclear 
interactions with energy of 101 1—101 2 eV, which 
the accelerator experiments are observing, 
have / i r = = 2 ~ 3 , and ^ = 1 0 0 - 1 5 0 MeV/c. 
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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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B 10 High Transverse Momenta in Collisions at 
Cosmic Ray Energies 

C . B . A . M C C U S K E R 

Ealkiner Nuclear Department, University of Sydney 

§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/ 


