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We want to make two theoretical com
ments. 

The first is that the total cross section of 
hard showers produced by a muon-nucleon 
or an electron-nucleon collision is limited up 
to two unknown functions by using only 
Lorentz invariance and Gauge invariance, 
like Eq. (1) . 
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where a is the fine structure constant, s is 
the transferred energy from a muon, q2 is 
the square of the four dimensional trans
ferred momentum and m is the mass of in
cident muon or electron. The other nota
tions of momenta are same as those presented 
in our Jlilller submitted the ordinary-session. 
L and L' are the above mentioned unknown 
functions of which arguments are q2, pq= 
- Ms, and P2 =-M 2

• The regions of the in
tegrations over e and q2 are determined by 

kinematics and the upper limit of q2 is given 
by 
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where .~: is the pion mass. 

(2) 

We can write down the cross section of 
the corresponding process by a real photon 
in the similar way, i.e., 
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From Eq. (3), we can see that roughly speak
ing, the contribution from transverse photons 
is given by L. 

The second point of our comments is as 
follows: theoretical analyses so far performed 
are based on special assumptions as to L 
and L' . Assuming the q2-dependences of L 
and L', after the integration over q2 we ob
tain da/de which is able to be compared with 
these analyses. The table shows the forms 
of L and L' on which these theories are 
based. 

At present, our knowledge about the strong 

Table I. 
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N (c) is the main part of the spectrum of photons accompanying incident muon or electron. In 
K-K, the upper!imit of q2 integration (p2max) is larger than the kinematical limit for large "· 
Putting q2max= Q2kin , we obtain the spectrum given in the last column. The last case corresponds 
to the case (a) (c .f. our paper in the ordinary session). 

367 



368 III-5-23, K. DAIYASU, K. KOBAYAKAWA, T. MUROTA and T. NAKANO 

interaction is not enough to determine which 
theory is good. Even there may be the pos
sibility that all of these theories are wrong. 
In other words, we must determine the L 
and L' from experiments on hard showers 
produced by a muon or an electron. Then 
we will obtain some new information about 
t he character of strong interaction. 
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Discussion 

Yamaguchi, Y: I would like to know the experimental distribution of q2
• 

Kobayakawa, Y: I would like to answer Prof. Yamaguchi question. I will show 
the integral spectrum of q2 in our slide. 

Messel, H.: I would like to assume members present that there exists a real question 
problem in regard to the question of the interaction of p-mesons at high energies, 
and one which will have to be resolved both on the theoretical and experimental 
front. 
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In this report I shall deal with the present 
s tatus of our knowledge concerning the in
tensities of .a-mesons at various depths deep 
undergound, as also the situation concerning 
the interactions of p-mesons. 

Miyake, Narasimhan and Ramanamurthy1> 

have reported new measurements from an 
.experiment, which is in progress in the Kolar 
Gold Fields in South India, on p.meson in
tensities deep underground. These constitute 
the best, directly obtained, data available 
thus far at the deepest depths considered, 
> 3000 mwe. A telescope, of area ,_!.5m2

, 

consisting of scintillators in coincidence, was 
used by them to measure intensities at de
pths of 816, 1812, 3410 and 4280 mwe. De
tails of the experiment are contained in the 
paper of Miyake et al1>. Valuable data on 
intensities at great depths is also available 
from a recent experiment carried out by 

Barton2>. 

The available information on p-meson in
tensities at various depths underground is 
shown in Fig. 1. This figure is based on: 
the data as summarized by Barrett et al8>, 
some earli ~r measurements by Sreekantan et 
az•> in the Kolar Gold Fields, the recent ob
servations of Barton2>, the intensities derived 
by Bollinger, as reported by Pine et azs>, 
and the most recent work of Miyake et al1>. 

It can be seen that there is good agreement 
throughout between the various de term ina
tions. There does appear to be a scatter of 
points at the greatest depths investigated. 
This is mainly due to the fact that the data 
of Bollinger, (obtained from angular distribu
tion measurements at 1500 and 1840 mwe), 
are first shown as values uncorrected for 
decay effects; the values corrected for decay 
effects are in good agreement with the re-




