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Let us consider the hypothesis in which
explosive production of mesons takes place
through emission of a small number of the
new quantum H!?. The quantum H is sup-
posed to convert into several mesons after
the collision. Here, we show some typical
example of clean jet shower recorded at Mt.
Norikura.? Fig.1 shows the angular distri-
bution and energy spectrum of the jet shower,
called ‘“‘d-family’’. We notice very high
energy =’-meson, about 8-10'* eV, appear in
the very narrow angle, while other z°-meson
has smaller energy, about *-10'2e¢V. This could
be considered as the fluctuation of the current
two-fire-ball model. But, we would like to
consider this situation as the basic charac-
teristics of extreme high energy nuclear
interaction, because we have several other
evidence from Mt. Norikura experiment, for
instance, general change of production
spectrum of p-rays from =°-mesons,? as
going to the higher energy.*

What is the situation of charged secondary
particles? Fig. 2 and Fig. 3 show the angular
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distribution of typical jet showers collected
by various laboratories.”? We see very wide
variety of the angular distribution. Then,
we look for some kind of unit, which con-
struct this wide variety of the angular dis-
tribution. Look at the event 0+6p of Bristol
group.

One notices that all of shower particles
group in a narrow region of the log tan@
plot, which suggests a strong correlation of
the particles. Then, this grouping of shower
particles found in 0+46p event will be identi-
fied as an example of the emission of one
quantum H. Thus, one can find such group-
ing as that of 0+46p in almost all other events
as in Fig. 2 and 3.

The general properties of this new quantum
H is summarized briefly as follows.

Fig. 4 shows the distribution of number
of shower particles in one quantum H collec-
ted from the data of various laboratories.
The prong distribution of N-N annihilation
event is also presented.

The angular distribution of shower parti-
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* Excited Baryon hypothesis is also proposed by the Japanese E.C.C. group of Mt. Norikura experiment.
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cles in the rest system of the quantum H is
investigated by the method of F-plot as in
Fig. 5. The centre of the quantum is defi-
ned by 1/nz X logtan@;. The angular dis-

| tribution is ﬁot now isotropic, but rather,
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approximately, of the dipole type radiation,
showing some polarization character of the
emitted quantum H.

As well known, the transverse momentum
of secondary pions of the jet shower is very

> lan 6 ,
167t 107 o> s0” Lz
ﬁ ¥ T T T lIIl' T T T T lllll T T T T IIIII T T T T

? Briste 1+2/e
e RREE
VSEaYi 1 i R 1 [l b | L1l I |
o+isn
g By
b B et | e ey AT T |
i 0+6p
et CE————
el B
o+lép
N —
] IR A 2 1 | Jtlalt 1
C’u'm’a x 40
g oy i o+13p
R 18 ] 11l * £l L W |
x 116 g
e —— e —
gl 1 1l Sf i |
¥ 13 § *
—— m——— IS
_ Itiop e o ”I_IIJI I I
* o7
—— e —— 3 T e
it i | 1l 1 [ | | Jaip o]
*
o t0p 1l N (. & | 11 | |
Fig. 2.
l')—‘ IO" 162 w0 :
| T T T IIIYII T T T‘T_lf"rl T T T llllll T T T Tk kX
Chirago *3 i
——— e s, e i,
s slbd i ] |1} | | [ I (2] ] |
* 97
- S e e
1 +28p it L L BN | L1 HE S I un i)
P
r——e— D Tl N
/0+23p WL 5 Ll i1
* 58 %
ZREVR AN S L, 2 S
[t14p | e | | B [ [ | ) el |
*97 3
e
f2ezlp. ALl | b2 1] | | LLaid
*xio2 %
T IR A o] e e X AT S
Ty | TT [ L1 e - S
x 70
e — 3 ¥ R —_——
4TI 1l [T NN Lie | |
Wauamﬂ_
——— —_—— —
otiép | O 11— Jeei il | L H|
Bristel ome ordlin. aemallen %
T ——

orepear ) ¥

Fig. 3.



High Energy Theory

Ni=0 1 ecvent
1€ ’kntwn

< NN anmihdation
event

<'YLH) =40

........

T S R T e W, | Y
O/ -2 7 &8 67X

Fig. 4.

similar to the momentum spectrum of
secondary pions from N-N annihilation event.

Thus, the following properties of the
quantum A is found.

The properties of the quantum H is similar
to the N-N annihilation event in various
points. In fact, the mass of the quantum
can be estimated as about 2Mc?, from the
mean prong number of the quantum H and
the mean transverse momentum of secondary
K-meson, about 10% or so, it is better to
say that the nature of new quantum H is
something like that of the composite system
©of baryon and anti-baryon.

Next, we discuss briefly the mechanism of
multiple meson production. As mentioned
above, the basic characteristics of high energy
nuclear collsion is not in the behavior of the
individual pion or K-meson*, but in the pro-
«duction mechanism of our new quantum H.

First of all, Lorentz factor of quantum H
in the high energy collision is important,
because the internal energy of the new
«quantum H is definite, so the transferred
energy at the high energy collision must
appear in the form of Lorentz factor of the

* Momentum difference between initial and final
state of colliding nucleon in C.M.S., 4p, is order
of, or large than 1 Bev/c irrespective of the model
used, under the usual assumption onthe transverse
-momentum of secondary pions.
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new quantum H. So the information of the
details of the high energy interaction will
come from the knowledge of this Lorentz
factor. The symmetrical emission of the
new quantum H in C.M.S. is observed in
almost all cases of elementary processes,
N,=0, 1, within the experimental error of
the angular distribution of jet showers. In
the nucleus events, we see, in some cases,
complicated emission of the new quantum
H, and the large multiplicity.

The over-all distribuion of Lorentz factor
of the quantum H is represented as, approxi-
mately, 1/7#, 7= is the Lorentz factor of new
quantum H in C.M.S. as shown in Fig. 6.
The correlation of 7z to 7¢ is represented in
Fig. 7. So, if we go up to higher energy, we
can expect the appearance of very high
energy quantum H that can explain high
energy secondary pion as observed in the
experiment on Mt. Norikura.

The threshold energy for the production
of this new qunatum H is estimated as about
re~5. This correspond just to the point of
change of normalized multiplicity observed
by Kaneko and Okazaki.® Thus, the charac-
ter of the nuclear interaction seems to change
from this energy.

Finally, we ask, what is the role of this
new quantum H for the nucleon physics?
We remember that the nature of nucleus
has been understood by introducing z-meson.
If the nature of this new quantum H becomes
clearer, we shall be, or rather, we hope to
be able to solve the difficulty of pion physics,
or in general, strongly interacting particle
physics. This is because we may consider
this new quantum H to be the matter con-
structing these strongly interacting particles.
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Discussion

Zatsepin, G.T.: Did you take into account, in rebuilding the angular distribution, the-
velocity distribution of z-mesons arising from one centre? If you did not take this
into account, your distribution might be too steep. Also your method of combining
particles into one ¢ quantum ’’ is a little arbitrary since it is quite possible that you
may lose particles at big distances from the centre of the group. Again, this will
cause the angular distribution to appear somewhat too steep.
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Hasegawa, S.: The effect of velocity distribution of secondary pions to the shape of
angular distribution is large, as you say, as far as the velocity of the pions is not
so large. But it is not so, in our case. Exact answer will come when the quanta H
are collected more. The grouping of the particles into one quantum H seems to be
a little arbitrary, but we have also to say that we have several, but not so many,
typical examples which cannot be considered as mixing or missing of distant parti-
cles, and these typical examples of quantum H show the dipole type radiation, that
is, narrow distribution within a factor 3~7 in log tan 0 plot, if the angular measure-
ment of the data is correct. As for the typical example, we can point out such
event as 0+6p, 0+4p+2z° of Bristol group and 50, *99, %40, and so on, of Chicago
group shown in Fig. 2 and 3. The example shows that the angular distribution is
too sharp to be considered isotropic.

Zhdanov, G.B.: I suppose that the statistics used is not sufficient to decide whether
the shape of apparent angular distribution is connected with the true angular dis-
tribution or with the spread of particle velocities.

Hasegawa: It is true that the statistics is not enough to allow the final conclusion
on the shape of angular distribution. It is urgently hoped to collect clean events
more. (See discussion with Zatsepin.)

Miesowicz, M.: How do you collect the quantum H?

Hasegawa: At present we have not a definite way to collect the quantum H. But
we have some typical examples which cannot be understood by the fluctuation from
the current isotropic fire ball. (See discussion with Zatsepin.)

Taketani, M.: There are two types of phenomena, one is the type of, for example,
“ thermodynamics’’ in which the statistical fluctuation is smoothed out, and the
other is the type of ‘ Brownian motion” in which we can find the significant
meaning in the fluctuation itself. We must look for also in the cosmic ray physics
these two types of phenomena. Until now people usually paid attention to the first
type of phenomena, but Dr. Hasegawa’s work seems to belong to the second one.
We, Japanese theoretical physicists, are now considering z-mesons, for example, not
to be simple one, but very complicated things as is implied in Sakata’s model. In
this sense we must call attention to Dr. Hasegawa’s work although I don’t know
whether it is true or not.






