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Abstract. Observation of EAS with the combination of emul-
sion chamber and EAS array is undergone at Mt.Chacaltaya.
We report on the size spectrum of EAS observed in about
5 years and discuss the energy spectrum and composition in
this spectrum range. The corresponding energy range is be-
tween1014eV and1016eV and includes the knee region. To
discuss these characteristics ,detailed EAS simulations were
fulfilled with the condition of arrangement of the array ,trig-
ger and detector response. Specially,by the method of the dif-
ferent trigger efficiency between initiated low and high mass
composition,the result of proton spectrum obtained at near
1014eV is also reported.

1 Introduction

Explaining the knee region of the energy spectrum of the
cosmic ray ( CR ) would shed light on CR origin and ac-
celeration mechanism. But the possibility that the change
of hadronic interaction at this energy range exists will puts
some limits this speculation. For ground based array,the ex-
perimental observables which are measured in order to exact
information about the energy spectrum are charged compo-
nents of showers with density , muon , hadron detectors or
Č erenkov detectors. Many experiments using the combined
array of these detectors have been fulfilled to get the infor-
mation of primary energy spectrum. However, the method
to estimate the energy spectrum mainly depends on the as-
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sumed mass composition and simulated EAS developments
through the atmosphere. Two fold assumption is hard to re-
solve clearly. Among these methods, it is simple method
to estimate EAS size from the observation of low energy
charged particles. Moreover, by choosing the observation al-
titude to be most effective to the development of EAS for
the corresponding energy range of CR,one of the unsolved
problem can be reduced. In our case,Chacaltaya altitude is
fit to observe the maximum development of shower in the
energy region∼ 1015 eV and fluctuation of shower develop-
ment is minimized. However, with only one station, we can
not conclude the CR mass composition and spectrum in knee
region. It is clear to combine results observed at different
altitude which fits to observe some range of primary energy
each other. Also, it is necessary observed values are compa-
rable to each other directory. To this aim ,in this report we
show the size spectrum observed at Mt. Chacaltaya altitude
as an example.

2 Experiment and Analysis

The combined experiment of a air shower array and an emul-
sion chamber at Mt. Chacaltaya ( Bolivia, 5200m a.s.l.,
540 g/cm2 of atmospheric depth) was started from 1979.
The array consists 45 scintillation detectors for measuring
of charged particles (9 detectors of 1m2, 36 detectors of
0.25m2) and 13 fast-timing detectors(FT)for measuring the
direction (5 detectors of 1m2, 8 detectors of 0.25m2) from
1991 as shown Fig.1. The array cover an area of radius 50m,
a lot of detectors are concentrated to near the emulsion cham-
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Fig. 1. The arrangement of our air shower array.

ber room. All detectors are using with 5cm thickness of plas-
tic scintillator except 5 FT detectors with 10cm thickness.
The recording system of the air shower is triggered above∼
104 size [Kawasumi (1996)].

3 Results and Discussion

3.1 Size Spectrum

As explained in the experimental setups,using 45 scintilla-
tion counters and 13 FT detectors, incident angle and elec-
tron size of EAS were determined. The experiment for this
analysis was carried out from 1992 to 1995. Total number of
showers recorded is∼ 3.3× 107 in the effective observation
time∼ 7 × 107 seconds. The method to estimate the inci-
dent angle for each shower is ,using the all combination of 3
FT detectors to determine an incident angle , the most prob-
able incident angle is obtained with the method of cluster
analysis on these available combination of data. Compared
with the EAS simulated FT data,the estimation errors of an-
gle are lower than 3 degrees above the size range104 . In the
small shower size region, this method shows superiority to
the usual least square method. For several scintillation coun-
ters show the fluctuation of the response ( less than 20 % ) in
the observation period, corrections were applied with the sta-
tistical method for these detectors. Our array is not effective
to observing lager size region. However, to arrange detec-
tors compactly near the center of array and to limit analyzed
showers whose shower axis hit within 6m radius from the
center, showers to determine the size spectrum become more
accurate in the smaller size region∼ 105 . Observed shower
size spectrum is shown in Fig. 2 with other size spectra ob-
served at lower altitudes [Aglieta (1999)] ,[Castellina (2001)]
.
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Fig. 2. Observed shower size spectrum is shown with closed cir-
cle. The shower size spectra of EAS-TOP( 810 g/cm2 and KAS-
CADE(sea level) are shown in figure.

3.2 Energy Spectrum

The primary energy spectrum can be extracted from the mea-
sured electron size spectrum with informations of the mass
composition and the relation between electron size and pri-
mary energy. In fact,the evaluated electron size spectrum
is the convolution of the energy spectrum and a function
describing the probability of a given primary to produce a
shower with a certain size. With using EAS simulation,this
relation between the electron size and the primary energy can
be given. However, above probability function between size
and energy depends not only on the EAS simulation code that
describes EAS development in the atmosphere, but also on
the response function characteristic to EAS array including
detector response and the procedure to estimate the electron
size from observed shower data.

The mass composition to investigate this knee region is
not yet fixed even to use as the initial condition. So,avoiding
the additive assumption,we have not used the assumption on
mass composition. Moreover, primary mass is assumed to
be proton only or to be iron only to the energy spectrum es-
timated for two extreme cases,. Followings are procedures
to get the probability function we used. Simulation code
is CORSIKA code with QGS Jet model. For each primary
mass,about105 events was simulated with energy above 2×
104 GeV for proton primary and 5× 104 GeV for iron pri-
mary. Simulated shower components were sampled to the
real Chacaltaya EAS array and simulated the detector re-
sponse for each detector ( plastic scintillator with 0.25m2

area and 5 cm thickness ) Those simulated EAS data were
re-analyzed to get the size with the same procedure on the
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Fig. 3. Relation between Simulated primary energy and estimated
shower size for proton . Trigger bias is included in this figure.

same condition as explained section 3.1. .

For proton primary case,an example of the simulated size
and energy relation is figured in Fig.3. The distribution pro-
file of primary energy which results in a fixed size has a
peak at the median, however the width of distribution is wide
enough for a small size shower to contribute to the higher tail
of energy spectrum. In the lower energy region is diffused by
the trigger condition on the observability.

We tabulated probability function between size and en-
ergy,and converted observed electron size spectrum to an en-
ergy spectrum for each mass assumptions ( proton only and
iron only ).

The converted energy spectrum is shown in Fig.4. In the
energy range above Log( E(GeV) )=6.6 for proton primary
and iron primary shown with open circles and squares in this
figure, the probability function to transform from size to en-
ergy was used with the extrapolated relation from the lower
size and corresponding energy region shown with closed cir-
cles and squares. Because simulated number of showers is
not enough to cover this energy range,but the energy distri-
bution for fixed size has more sharp shape like a delta func-
tion. And as mentioned before, we used the tabulated proba-
bility distribution function, energy spectra for each composi-
tion show a little fluctuation on energy as seen. However, for
iron component,the gross feature bumped in the energy range
from 5.0 to 5.7 is the effect of the trigger condition,because in
simulated shower initiated from iron primary shows the most
effective trigger biases below the 5.7 region. and cannot be
observed with such frequency. The effect of the trigger con-
dition ( at 90 % level ) extends to the energy range below 5.3
for proton primary and 5.7 for iron primary. These effects
are shown as different markings ( open circles and squares)
in the figure.
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Fig. 4. Converted energy spectrum for proton and iron primary as-
sumptions. circle is proton and square is iron primary. proton* and
iron* in the figure mean the effect from the trigger bias for lower
energy region, using the extrapolation for the high energy region.

4 Conclusion

Our energy spectrum is re-display with overlapping other ex-
perimental results in Fig. 5 [Aglieta (1999)],[Amenomori
(2000)], [Castellina (2001)] .

Below 5.7 in log energy scale,our energy spectrum only
shows the case of lighter elements like proton dominated .
In the energy region from 5.7 to 6.1, frequency difference
between pure proton and iron is much small and has only
0.2 decade in this scale that corresponds to the difference
( ≤ 50 % ) in differential energy scale. Because in this
energy region showers reach near the shower maximum at
Mt. Chacaltaya altitude ( 540 g/cm2 ) ,and the difference
of shower development between these two primary masses
is minimized. Above 6.1 in log energy scale, the frequency
difference between proton primary and iron primary increase
with energy and the imaginary turning point ( knee ) spreads
from near 6.1 to 6.5 depending on the assumed mass com-
position. Comparing with other observed results, our data
have relatively higher frequency than other experimental val-
ues. Especially in the energy region between 5.7 to 6.1 our
data have relatively good reliance , but the difference is clear
on the frequency. On this point,we can not exclude the pos-
sibility that produced some systematic difference with other
experiments at this time.

.
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Fig. 5. Comparison between our energy spectra and other experi-
ments .
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