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ABSTRACT. (. Cueeoni (1934) pomtod out that the deflection of an showor purticles
m the curth’s magnobie field should produce some elhptieity of shower structuro, and henco
the luteral distribution of oloctrons wound the showor uxis should not bo eneolar, but eliptical,
with tho major axis m tho Xast-Wost. direction. Thi offect was invostigated ut Gulmorg
(ult. 2710 m  24°-36" N-gooinagnetic lat..) with two G M, counter telescopos, for three sopara-
tions 10 m, 25 m, aud 40 m. Tho rosults show that thore is o significant difference hotwoon
tho showor yntes from Bust-Wost und Noith-Bouth diroctions.  This asymmotry m the showor
ratey 18 found to meronse with the soparation, and {he zonith anglo of the (closcopo.

INTRODUCTION

G. Cocconi (1954) pointed out that D, the displacement of air shower
particles due 1o the carth’s magnetic field is not negligible in comparison with
D,, the projected lateral displacement due to mulliple coulomh seattering, and
this effect might be large enough to he detected as an asymmetry in the latoral
distribution of electrons m air showers. 1t means 1he electrons are distributed
clliptically, around tho shower axis.

1t has been evaluated in the first approximation, thut the ratio of the two
displacements is given by

Dy/Dy = 0.22 cos A[P
Where A s geomagnetie Jlatitude, and

P is air pressure in almospheres.
The combined displacement is Dy, | ¢ == [D,,,‘H—DS“ ]v 1 80 Lhat
022 coxA \%273
Umas‘—])s []+ ( P ) ]

=y [14 WA

P. Chaloupka (July, 1954) mcasured this cffeet on the top of “Lommicky’
Stit” (alt. 2634 m : 48° N. geomagnetic latitude) with {wo G. M. counter teles-

163


https://core.ac.uk/display/93518644?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

154 A Bhuskara Bao and P. S Gill

copes. The separation of the telescopes was 7 m. Tho telescopes werodu;lui;d

at 45° zenith angle and successively divected towards East, West, South, an Ot. .
Fourfold coincidences were taken. He roported nearly 209 more showers anddv-
mg from the E-W direction than from N-S direciion. Due to large at&tjnm-cal

errors ho did not draw any conclusion. Later Dubinsky, Chaloupka, ef al. (1956)
continucd the investigation (alt. 1778 m: 48°N. geomagnetic Iat.) in which they
fixod up the position of the shower core, and measured the particle densities to
the West and South of the core, ai three distances 15.6 m, 30 m, wil 50 m. Though
they did not find any variation for 15.5 m, thoy observed 409, and 60, greater
densitios m the West direction than in tho South for 30 m, and 50 m distances res-
poctively. Kven m this cuse the statistical errors were large. The present
investigation was carried out at Gulmarg (alt. 2710 wi : 24°-36' N. geomagnetic

lat.) with improved statistics.

EXPERIMENTAL

The experimental arrangement was similar to that of Chaloupka, and th
Llock diagram is shown in Fig. 1. 1t consisted of two G- M. counter telescopel
7'y, Ty, with two teays in each. In cach tray there were four counters (size 52 X 58
mm) filled with Argon and petroleum-ether. 'Lhe scparation of the counter
trays in the telescopes was 950 mm. The pulses from the trays were carried to
the cathode-follower and from there to the coincidence ciienit, through a low
impedance coaxial cable, type £0-49. Only fourfold coincidences were recorded
hy the rcoording unit. The counter trays werc mounted on an aluminium
frame, which was fixed to & wooden stand in such a way that the telescope can
e fixed at any particular zenith angle. .

CO/INCIDENCE

RECOROING

Mg, 1.

-The asymmetry in the rate of showers was measured for three distancos
10-m, 25 m, and 40 m between the telescopes. Tho telescopes were directed
towards Kast, West, South, and North st zenith angles 0°, 15°, 30”, 45°, and 60°
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and fourfold coincidences were recorded. Counters with a minimum platean of
200V were used in the experiment, and they were tested every day before start.
ing the apparatus.

REBULTS AND DTSCUNSTON

The resulls of the experiment are given in Tablos T, IT, and LT , for the three
separations 10 m, 25 m, and 40 m.  In any direction if the {otal number of counts
1ecorded is M, during the total time 7 hours, then {he shower 1ate m that diveetion
is M|T per hour. The error i the shower vate js taken as M \T

The first table represents the shower raies from East, West, South, and North
divections with the corresponding ervors. In Table II the avorage showor rate
from East-West dirzctions is taken as 2 and the average shower rate from North-
South directions as y. Next, the ratio afy is caleulated for the three separations
and all the zenith angles as shown. Tf the cirenlar symmetry of electrons around
the shower axis is to be correct, the ratio x/y should be unity. But it can be seen
that in alt the cases, without exception, the ratio is larger than unity and far beyond
the statistical ervors. This clearly indicates that clectrons in extensive air

TABLE 1

Counting rates of showers from Last, West, South, and North directions
with corresponding errors

Showers pm Showors per  Showors por  Showors per
Zemih hour from hour from hour from hour from
anglo the Tast the Wesl. the South tho North
Z Ne -= No+Za Np:L 2 Np +2n
0° 94.44-2.5 C— 87 01.2.3 e
1i° 7094119 81 5}F19 72 14-1.7 72.14-1.7
10m 30° a9 54-1.5 7%.011 09 63.041 5 61 24-1.5
45¢ 60.44-1 5 66 1-+1.7 52.941 3 53 R-1.3
60° 50.94.1.3 58.0.1.5 45.64-1.2 47.441.2
o 58.911.9 52.541.6 —_—
15° 49 5415 54.941.7 40.0+1.3 40.641 2
25 m 30° 45.041.0 48 2.4-1.5 33.24-1.0 33 341.0
45" 40.24-1 2 45.24-1.5 28.24.0.9 28.74.0.9
60° 356 04£1.0 37.141.2 22 44£0.7 23.3.-0.7
0° 38.4-+1.5 30.041.2
15° 32.64-1.2 35.34-1.3 24.71:1.0 24.94-1.0
40m 30° 29.741.2 32.641.3 20.64 0.9 20 24-0.7
45° 26.54-1.0 29.5.1-1.2 16.54-0.6 16 5.1-0.6

60° 24 54 0.9 25.91-1 0 13.340.6 13.3.+0.0
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TABLE IT

Elliptieity and percentage asymmetry of extensive air showers

Avorage Avorage Ellipticity Percentage
Zonith showor rato showor rato 243 asymmaetry
anglo from E-W from N-S _,_.\"‘ = 2(x—y) % 1009
7 v ¥g ¥isy YRy ) °
0° 94.441.8 H7 0-1-1.6 1094 029 8242.6
15° BO.541.4 72 101.2 1.12% 027
10m 30" 72 3112 62 1-1.1 1.163-.028
45° 063 3411 53 £ 0.9 1 194 029 2
G0° At 54:1.0 46.5-4-0.9 1 174-.031 15.84-2 7
0" 58.94-1.4 52 54-1.1 1.124.0306 11 51-3 2
15" 52.24-1.1 40 3-1-0.9 1.30--.040 P 30
2h m 30¢ 46 64+0,9 33 3407 1.40+4.040 2.8
45" 42 710 54-0.7 1 504-.051 3.3
60 36.1 1-0.8 22,0405 1.584 .049 30
0 38.4-11.1 30.04-0.9 1.284- 053 24.6-14 1
15° 34.050 9 24,870 7 1370 033 31 34-3.8
40 m a0 31.2L09 20.44-0 6 1 433 [-.063 41 913 9
45° 28.010.8 16.51.0 4 1.707_. 004 3
60° 25.2--0.7 133104

Zeuith
anglo
7
0°
15°
30°
4i°
60°

1.894-.078

6L 837

TABLE 1IT

TRast-West percentage asymmetry of extensive air showers

' East-Wost asynunc try of oxtonsivo air showors
iy Yy

i 10 me

2 6143 34
7 6143 32
9.01-43.57
13 0345 87

10.34 ] 4.32
6 86 -3 82
11.70-44.45
5 8214 31

7.05.-5 3

9 3045

10 7145 ¢

5.AR45

showers are distributed elliptically around the shower asis. The percentage
agymmelry Letween the shower rates from E-W and N.§ divections is given
in the last column of Table IT.

The errors in the ellipticity and the porcentage asymmetiies are calculated

as follows :-

Tf(F) ir a function of both 2 and » then the ervor in F is given by
a(F) ]’ » [ d(l;')]2 o

LI UGS 2 A w2

z [ dx | dy v

where £, and X, are errors in (x) and (). aud I 1s the crror in the funetion (F).
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Then a graph is drawn with the zenith angles along the abscissa and the
percentage asymmetsies along the ordinato for the three separations of the {eles.
copes. From the graph it is clenr that there is a systematic inerease in the
asymmetry with zenith angle, It can also be seen that at any particular zenith
angle the asymmetry increases with the separations of the telescopes.  Of course
the same arguments hold good for cllipticity also. The percentage asymmnetry
and elipticity will increase by about 4 or 59 if the counting 1ates of showers only
from West and South are taken into consideration, because the average shower
rato from Z-W is less than the individual shower rate from West, though the
shower rates from North or South are cxactly the same.
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Fig. 2. Zenith angle versus percontago asymmetry.

Though the mam aim of the mvestigation is to find out the geomagnetic effect:
on extensive air showers, there is one more interesting pomt At all zemith angles
from 15°-60° for the three sepavations 10 m, 25 m, and 40m, the shower rate s
slightly more from West than from East dwrection  This East-West asymmetry
of extensive air showers is shown in Table ITT. In view of the very large
statistical orrors, and very poor angular 1esolution of the telescopes, it is felt
better not to draw any definite conclusion. But il appears that there 18 some
Eust-West asymmetry for extensive air showers also. From Table 11 1l ecan
be neen that for 10 m separation the asymmetry gradually increases from 15°
10 60° zenith, whereas for 256 m, and 40 m, it reaches a maximum at 45° zenith
and then comes down. To arrive at any conclusion regarding this Kast-West
asymmetry of extensive air showers, more data avo needed

CONCLUSION

At moderate latitudes and mountain altitudes the geomagnetic field hay a
considerable and well detectable influence on the density distribution of extensive
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air showers. The pereentage asymmelry hetwoen the shower rates from B-W
and N-§ increases not only with the seperation of the two telescopes but also with
the zenith angle at which the tolescopes are inclined. There appears to be
5 to 109, East-West asymmeiry also for Extensive air showers,
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