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region, the same explanation as Moroney et
al can be possible.

References

1) Y. Kamiya: J.Geomag. Geoel., to be published.
2) P. Bassi, E. Clementel and I. Filosofo: G. Nuovo
Cim., 6 (1949) 484. N. Nereson: Phys. Rev.,
73 (1948) 565. R. B. Brode: Nuovo Cim., 6

II1-5-7, Y. KAMIYA, S. SAGISAKA, H. UENO, S. KATO and Y. SEKITO

(Suppl.), (1949) 465. M. Conversi:
76 (1949) 311. D. E. Caro, J. K. Parry and H.
D. Rathgeber: Nature, 91 (1950) 413. B. G.
Owen and J. G. Wilson: Proc. Phys. Soc. A 62
(1949) 601. J. Pine, R. J. Davisson and K. Grei-
sen: Nuovo Cim., 14 (1959) 1181. J. R. Moroney
and J. K. Parry: Aust. J. Phys, 7 (1954) 423

Phys. Rev.

JOURNAL OF THE PHYSICAL SOCIETY OF JAPAN
INTERNATIONAL CONFERENCE ON COSMIC RAYS AND THE EARTH STORM

Vol. 17, SUPPLEMENT A-III, 1962
Part III

I11-5-8. Intensity of p-mesons at Depths Greater than 2000 MWE
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Tata Institute of Fundamental Research, Bombay, India

An experiment is in progress in Kolar Gold Mines (India) to measure
p-meson intensities underground at great depths and the results obtained

so far at 816, 1812, 3410 and 4280 mwe have been given.

The depth

intensity curve of p-mesons is converted to the integral energy spectrum
of p-mesons at sea level and it is found that the energy spectrum can
be expressed in the form N(> E)eco E-(2.9+0.33) in the range 600 Gev < Eu

<2600 Gev.

From this, the production spectrum of pions has been in-

ferred and compared with the other cosmic ray data.

The energy spectrum of g mesons at sea
level, besides being of interest in itself, may
throw some light on the nuclear interactions
in which the parents of g mesons are pro-
duced. The simpler method to extend the
energy spectrum of gz mesons would be to
measure the cosmic ray intensities at depths
>2000 mwe, with large aperture cosmic ray
telescopes. The depth-intensity curve of
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EXPERIMENTAL ARRANGEMENT
Fig. 1.

cosmic ray underground can then be conver-
ted to the integral energy spectrum of g
mesons by means of a suitable range-energy
relation. With a view to extend the # meson
energy spectrum to energies much greater
than 5000 Gev, we have undertaken an ex-
periment to measure the intensity of cosmic
ray p mesons at great depths (>2000 mwe)
in the Kolar Gold Mines in India. The
results obtained so far will be presented
here.

The apparatus, shown in Fig. 1, consists
of two layers of plastic scintillators 156 x 104
x5 cm? each, separated by 25 cm. There is
a 5cm thick lead absorber in between the
two layers. Each of the layers is viewed by
two 5’7 diam. photomultipliers. The pulses
are fed into a coincidence circuit with a
resolving time 3 gsec. With this system,
we can observe cosmic ray counting rates as
low as 1/day without being affected by chance
coincidences due to photomultiplier noise and
background radio activity. The counting rate
of our telescope at the surface of the mines
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(870 m a. s. 1.) was 5.14x10° counts/hr.

In the Table, we have given the depths at
which we measured the cosmic ray intensi-
ties, the counting rates and the intensity of
cosmic rays at various depths. The ex-
ponents in the angular distribution of cosmic
rays at various depths used by us in deriving
the intensities from the observed counting
rates are listed in column 4. The depths
816 mwe and 1812 mwe in our experiment
are quite close to the depths 850 mwe and
1574 mwe at which the exponents in the
angular distributions were measured by
Randall and Hazen® and by Barrett® et al.
respectively. We have used the exponents
obtained by them at the first two depths.
There is no information on the angular dis-
tribution at the other two depths, viz at
3410 mwe and 4280 mwe. Since the differ-
ence in the logarithmic derivative of depth-
intensity curve and the exponent in the
angular distribution (m—#n, in the notation
of reference 3) remains almost constant at
depths>1500 mwe we have deduced the
exponent in the angular distribution at the
other two depths from the observed depth-
intensity curve by a process of interaction.
An error of+0.3 which is reasonable in the
exponent of angular distribution, leads to an
error 6% in the effective aperture of the

b © V.C.WILSON
C CLAY AND VAN GEMERT
21 M MiYAZAKI

R_RANDALL AND HAZEN
8 BOLLINGER

4| COR CORNELL GROUP (BARRET et.ol)\ §-M
BA BARTON \

2 | BOY BOLLINGER ( ANGULAR DISTRIBUTION) \ | 80W
|5 SREEKANTAN et al X /j
X PRESENT EXPERIMENT ka +
L | §/}
[ l sov\l
1000 2000

00 200 400 4000
2

DEPTH IN m.w.e {100g.cm. OF ROCK)
FROM" TOP OF THE ATMOSPHERE

4

VERTICAL INTENSITY PARTICLES/cnf Sec. STERAD

N

)

l 10,000

Fig. 2.

319

telescope and consequently in the flux values.

In the last column of the table, the minimum

energy a x meson should have at sea level

to reach the corresponding depth is given

using the range-energy relation given by

Barrett® ef al. The energy loss formula is
dE E,

ELLL . -6
ah =1.88+.0766 1n o +3.5x10~°E

Mev/g. cm™2

where E is the energy (in Mev) of the g
meson, FE, is the maximum transferable
energy.

In Fig. 2, we have shown the cosmic ray
intensities observed by us at various depths;
in addition, we have reproduced the intensi-
ties observed by various other workers as
summarised in the reference 3. We have
also shown the intensities observed in the
same mines by Sreekantan®® ef al. from our
laboratory and by Barton” (normalising the
counting rate of his telescope at 1650 mwe
with the present curve) and the intensities
derived from Bollinger’s® angular distribution
experiment at 1500 mwe and at 1840 mwe as
reported by Pine® et al. The errors shown
in our points refer to the statical errors. It
can be seen from the figure that the flux
value obtained by Barton at 3350 mwe almost
agrees with the present curve within the
errors of his measurement. On the other
hand, the flux obtained by Miyazaki at 3000
mwe seems to be higher by a factor 1.7
compared to the present curve. The flux
values dirived from Bollinger’s angular dis-
tribution data appear to be considerably (by
a factor>2) larger than the ones observed
by us at depths 4000 mwe, if no correction
is made for decay effects in the atmosphere
at large zenith angles.

We have converted the depth scale in Fig.
2 into energy scale of z mesons and presented
the integral energy spectrum of # mesons at
sea level in Fig. 3. (the surface of the ground
is 870 m.a.s.l.; but it is not serious at these
extremely high energies.) The errors shown
along the Y-axis are statistical errors; the
errors shown along the X-axis, arising due
to the uncertainty in the energy proportional
term in the energy loss formula, may be
treated as systematic errors. In the same
figure, we have shown the intensities obtai-
ned by Pine? et al. and by Ashton® et al.
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(magnet spectrometer results), the intensities
of 2 mesons derived by Duthie!'® ef al. from
their observations on 7-ray spectra at balloon
altitudes and points derived from Bolling-
er’s®? observations on angular distribution
of cosmic rays at 1500 mwe and 1800 mwe.

From Fig. 3, it can be seen that the
intensities observed in magnet spectrometer
experiments agree with our results within
the errors on their measurements. This
agreement shows, as was pointed out by
Ashton'?, that the formula of energy loss
of p mesons takes into account all the possi-
ble energy losses upto energies 1000 Gev.
QOur data is entirely consistent with an
integral energy spectrum of z mesons having
a constant exponent of —2.75 in the energy
range 200 Gev< E,<2600 Gev. However, if
we consider the higher energy region 600
Gev<E,<2600 Gev, the exponent can be
given as —2.9+0.15. In addition to the
statistical error give, there is a systematic

I11-5-8, S. MIYAKE, V. S. NARASIMHAM and P. V. R. MURTHY

error in the exponent of +0.3 arising from
the uncertainty in the range-energy relation.
If the parents of the p mesons we observed
are all pions, then the integral energy
spectrum of pions at production can be given
as E-1-9%09.3 in the energy range 800 Gev<
E <3500 Gev. The exponent of pion spectrum,
—2.0, given by Pine” ef al. in the energy
range 10'? ev to 10'® ev, the exponent of the
r-ray energy spectrum, —2.040.5, observed
at balloon altitudes by Duthie!® et «l. in the
r-ray energy region 500 to 1500 Gev and the
exponent derived from the present experi-
ment are all consistent within themselves.
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Discussion

Yamaguchi, Y.:

I would like to know the uncertainty in the vertical intensity due

to the uncertainty of the azimuthal angular distribution at deeper depth.

Miyake, S.:
tical intensity at middle point.
Stoker, P. H.:

Have you made calculations for the value of —

10% uncertainty of azimuthal angle give about 6% uncertainty in ver-

—Z_IEQ' on theoretical

grounds to compare with the empirical value you have found ?

Miyake :

No, after going to more deep place it will be discussed. Now we are show-

ing the empirical formula which is applicable only in the energy region which we ob-

served.
Greisen, K.:
what refer to.

1) Please tell what spectra the exponents —1.9+0.3 and —2.9+0.3
2) Please show the last slide again and explain which points come
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from sources.

Miyake : E-19%°.3 i3 the estimated integral z-meson production spectrum.

E-2-9%0.3 ig the p-meson integral Energy spectrum using observed depth intensity
relation and depth-relation in ref. 3.

Explained again.

Nishimura, J.: You mentioned production spectrum of z-mesons should be E-1.9%0.%
at the energy region 800 BeV and 3,500 BeV. However the Bristol spectrum shows.
E-2.80.2 or F-2.3£0.2 corresponding the energy higher or lower than 102 eV. So there
should be inconsistencies between two results, and how can you determine the energy
loss comparing these two data.

Miyake: We obtained the results about z-meson production spectrum E-1.9+0.3
from the depth intensity relation by us and energy loss equation written in ref. 3,
that shows E-2-9%0-3 about pg-meson spectrum, the range observed was correspond to
800-3,500 Bev. in n-meson energy.

And we also compared to the spectrum written in the paper of Bristol group who
calculate pg-meson intensity spectrum from the high energy 7-ray observation and we

found in the error of energy proportional term in depth energy relation almost agree
in above energy region.






