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Abstract: We have installed a new air shower array at Mount Chacaltaya (5,200m above sea level) to ob-
serve primary cosmic rays with energies greater @ eV. In our previous experiments, we measured
nuclear composition of primary cosmic rays in the knee region, and showed that the average mass of cos-
mic ray nuclei increases with energies below and above the knee, and dominated by heavier nuclei as iron
at10'6 eV. This result is consistent with the confinement and rigidity dependent acceleration models, and
suggests that the cosmic ray origins are supernova remnants of massive population as Wolf-Rayet stars. It
is of quite interest whether the mass of cosmic ray nuclei continues to increase with energies, or decreases
by contributions of lighter components expected from the extra-galactic cosmic ray models. The new air
shower array has been constructed in order to measure cosmic ray composition above the knee, and the
detection area is larger by a factor kif0 compared to the our previous array. In this paper, we describe

the characteristics of the new array.

Introduction sition of primary cosmic rays is also quite impor-
tant to resolve the cosmic ray origin, because it is
Thekneeregion in the energy spectrum of primary strongly affected by the source abundance and ac-
cosmic rays around0'® eV is the key to clarify-  celeration mechanisms. It is predicted that if cos-
ing the source of cosmic rays, since it is reflected mic rays are confined in SNRs and accelerated at
by mechanisms of acceleration at the sources andstrong shocks through the Fermi process, cosmic
propagation in the Galaxy. Although the origin of rays are enriched by heavy nuclei (as irons) as the
cosmic rays is still unknown, recent TeV gamma- primary energies increase. On the other hand, it is
ray observations as [1] suggest that the high energy believed that cosmic rays of more higher energies
gamma-rays are decay products of neutral pions (say~ 10'?) are extra-galactic origin, and they are
7V created by interactions of cosmic rays and sur- dominated by lighter components because of spal-
rounding media, and thus cosmic rays are acceler-lation processes during the propagation in the inter-
ated in SNRs up te- 10'° eV. The nuclear compo-  galactic space. This suggests that there could be a
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"transition” of cosmic rays of Galactic and extra-
galactic origin at a certain energy region, and it is

observed as a change of cosmic ray composition as EOOE

function of energies. It is challenging to find such >, °
transition. L c o o o o o
In the BASJE (Bolivian Air Shower Joint Ex- 2001~

periment) group, we have reported measurements E o e ¢ B E o 0
of cosmic ray composition around the knee by % e o m H e e
using three independent observation techniques, b o7’

those are measurements of arrival time distribu- o D Al B e
tion of Cherenkov light associated with air show- C e o H H o o
ers [4],lateral distribution of Cherenkov lights [6], 100 c o B m o
and the longitudinal development curves obtained _200?

from equi-intensity cuts using shower size spectra F ¢ o EH E o

for various arrival directions [3]. These results are _300: .. .o P

in agreement and show that the mean (logarithmic) E

mass of primary cosmic rays increases as the en-  4gqbooenloc A1 8 10,0 0V A T T
. . o g 0 -300 -200 -100 0 100 200 300 400
ergy increases around the knee region, and it is X [m]

dominated by the heavy component as iron 1. It

is consistent with the predictions, the cosmic ray

origins are supernova remnants of massive popula-
tion as Wolf-Rayet stars.

Figure 2: Mean logarithmic mass of primary cos-
mic rays: Our results are showed by red trian-
gle (Checenkov time profile), open square (equi-
intensity cuts), and closed circle (Cherenkov lat-
The New Air Shower Array eral distribution).

The new array is comprised of 68 scintillation de- generated with this code is quite similar to those
tectors installed in an area @00m x 500m with

separations of5 m. The effective area of the ar- obtained using the CORSIKA-QGSJET code).

ray is larger by a factor of00 compared to our F_irst, we calpulate_ thg aperture of the array in_ a
previous array [7, 2]. Each detector is comprised 9IVen triggering criterion. \We employ a coincl- -
of plastic scintillator plates and a photo multiplier dence of neighbouring 4 detectors (the “square
tube (PMT), and measures local densities and ar- hit pattern) among the inner twelven” detectors
rival times of shower particles. In the inner region Within a time window of4 us.  Here we exam-
of the array, twelveim? detectors are installed, iN€ two triggering criteria, namely the square co-
whereas the other detectors have smaller scintilla- incidence of the 4 detectors at the center of the
tors of 1m2 or 0.87m2. The twelvedm? detec- array, and any of the square coincidences (5 pat-
tors are used as the triggering detectors. The Sig_terns). The incider_1t angles of the simul_ated show-
nals from the detectors are sent to a control room ©rS aré chosen uniformly up to the zenith angle of
in the laboratory via coaxial cables, digitised with 45°, @nd the core locations are also uniformly dis-
electronics modules (as CAMAC TDCs etc.), and tributed within a circle oR00m radius centered at

stored in PC by the data acquisition (DAQ) system. the center of the triggering detectors. From the ra-
tio of the triggered showers to the simulated show-

We have carried out air shower simulations to . ) D
ers for each triggering criterion, the aperture of the

evaluate the performance of the array. The air . . .
. array is calculated as a function of the primary en-
shower generator employed here is based upon the

sy et ity 2 parl o b on U
which the VENUS hadronic interaction model is y N y

Lo : energies above0!5-5 eV within the circle. More-
used (the longitudinal development of air showers o .
over, we calculate expected distribution of cosmic

ray energies to be observed using the aperture of
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Figure 1. Mean logarithmic mass of primary cosmic rays
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Figure 3: Aperture of the array (left), and distribution of energies of cosmic rays expected to be observed
assuming the cosmic ray spectrum [3] (right).
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