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ABSTRACT

The intensity of narrow muon groups obser-
ved in Kolar Gold Field (KGF) at the depth

of 3375 m.w.e. hags been celculated in terms
of quark-gluon strings model for high energy
hadron - air nuclei interactions by the me-
thod of direct modeling of nuclear cascade

in the air and muon propagation in the ground
for normal primary cosmic ray composition.

The calculated intensity has been found to be
~1071 times less than one observed experimen-

tally.
1. _Introduction. The observation of narrow muon groups at
the depth of 3375 m.w.e. in KGF was reported in /1/. The ra-

dius of group was ~ 0.5 m for majority of muons and the num~
ber of muons in the group was » 8. In the work/z/ we have
made an attempt to calculate the intensity of these groups
in terms of simple model of hadron interactions. It was
shown that in principle the narrow high energy muon groups
(the thresold energy ~1.5 TeV) can appear as a result of
ordinary fluctuations. But quantitatively we must be care- -
ful in this estimation. At first, the simple model of had-

ron interactions does not take into account all possible
fluctuations in these interactions. At the second, the Cou-

lomb scattering of muons in the ground also was't taken

into account. At last, it was considered that the group of

muons had” passed through the apparatus if in the limits of
upper and lower plans of the apparafus there were the secti-

ons of the cylindre with radius 0.5 m and the axis, coinci-
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dent with the EAS axis. In the present work we utilized the
development'of’quark gluon strings model of interactions of
hadrons with nuclei of the air /5/. Fluctuations in hadrons
interactions, the muon scattering in the ground and their
deflection in the Earth magnetic field have been taken into
account algo. The direct modeling of muon trajectories per-
mits one to take into consideration the geometry factor of
the apparatus correctly.

2, Model of interact;gg end the celculation method. The
quark-gluon strings model describes the large number of ex-
perimental data about multipié production of hadrons in nuc-
leon-nucleon interactions /3’4/. In the presgent paper we
heve usged the development of this model in application to
hadron-air nucleus interactions, developed in /5 « The mean
lengths for nucleon, pion and kaons interactions were taken
in accordance with /5 « The inelagticity coefficient for
nucleong and incident pions and kaons were taken in accor-
dance with inclusive spectra, calculasted in /5/.

The ratio of kaon to total number of charged particle
wags 12%. The decays of pions and kaons were considered in
the wusual way. The transverse momenta distribution was ta-
ken in the form f£(p, )dp; ~ exp(-8X;) dp°, where B= 2.85;
7.15 and 6.9 for nucleons, pions and kaons correspondingly.
For nucleonts in the exponent & was teken instead of X, The
interactions of primary nucleus were taken into account in
accordance with superposition hypothesys. The secondary par-
ticles energy spectrum was taken in accordance with > « The
chemical composition and energy spectrum of primary cosmic
. radiation was taken as in /6/.

It was taken, that magnetic field of the Earth has
the meridian direction component #=0.4 G/7/.

The method of calculation consists of direct modeling
of all processes. At first for some thresholds of the
energy of the primery particles in accordance with the pri-
mary spectrum the real energy of primary particle was simula-



200

HE 5.4-13
ted and then its atomic weight according to accepted chemi-
cal composition was sampled. Then in the limit of 30° to
the vertical the zenith angle of primary particle and its
azimuth and coordinates in the upper plan of the array were
simulated. Then the points of interactions, the inelasticity-
coefficients, multiplicity and another parameters of all se-
condary particles were simulated. The acts of interaction of
the hadrons were simulated in such a way that the conserva-
tion laws of energy, electric charge and transverse momentum
and strangeness were conserved. The Coulomb scattering of
muon in the ground was consgidered in accordance with the
known Fermi formula which takes into account the correlati-
on of the angle and the deflection in the fixed plane. The
method of the calculation of the scattering was taken as
in /8/. The energy losses for bremstrachlung and photonucle-
ar interaction with ground nuclei were simulated with fluc-
tuations teken into account. Ionization losses andlbgbxfor
the ete” pair creation were taken as continuous. We take
into account not only Coulomb scattering of muon but also its
gcattering as a result of inelastic interactions with nuclei
in the ground. The cross sections of muon energy losses were

taken in accordance with /10'14/

3. The result of calculation and conclusions. The tresholds
of primary energy were cho@sen equal to 3.16°1015, 1016 eV
and so on. For each value of energy thresholds the simulated
number of events in accordance with the primary spectrum
were 500, 150, 70, 20 and 50 events correspondingly. The num-
ber of narrow muon groups, as it was determined above was
0,.0, 0, O, 2 for threshold energies 3.16¢10'>, 10'°,
3,16-1016, 1017, 3,160 .10 7ev correspondingly. Comparing these
data with the intensity of primary cosmic radiation and the
intensgity of groups/1/ it can be shown that the intensity of
the calculated groups is approximatelya~404 times less than
experimental one. 1 This conclusion implies the not trivi-
el appearance of the narrow multiple muon groups.
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