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We have been developing a new type of air shower core array (Yangbajing Air shower Core array:YAC) to
observe the cosmic-ray composition at the knee energy region. YAC array is going to be operated with TibetIII
air shower array at Yangbajing(China). TibetllI is used to observe the total energy and the direction of an air
shower and YAC observes high energy secondaries around the air shower core. Each YAC detector consists of
lead plates of 3.5cm thick and a scintillation counter. The burst size of air shower core can be measured with the
dynamic range from 1 MIP to 10®MIPs(Minimum Ionization Particle). Small test array with 4 YAC detectors
have been constructed near the center of TibetIII array. Each detector has been operated with the threshold of
the burst size 40 particles. Trigger rate of each detector is 0.15 Hz approximately. The performance of the test
array has also studied by Monte Carlo simulation with ”Cosmos DPMJET3” code. The observed spectrum of
the burst size is consistent with the Monte Carlo simulation.

1. Introduction

The observation of the energy spectrum between 104 eV and 106 eV called “knee region” is essentially im-
portant to solve the acceralation mechanism of the cosmic rays. The investigation of the chemical composition
has been made with various instruments on board satellites or balloons, however, the observed energy range is
limited up to a few hundred TeV because of their extremely low fluxes, where protons are the main component
and the change of spectral index has not been confirmed yet. For the energies over PeV, several observeations
have been made by many air shower experiments, however, the chemical composition remains still unclear. We
have measured both all-particle spectrum and proton spectrum in the energy range 1014 ~ 10' by the hybrid
instruments consisting of the air shower core detector (emulsion chamber and burst detector) and TibetIII air
shower array [1], [2]. Our results suggest that the main component at the knee is heavy particles (heavier than
helium) because of the low intensities of observed proton and helium fluxes, whose sumed flux are less than
30 % of all particles [3]. We have a plan to observe the heavier component (Iron and CNO~VH) explicitly by
a new air shower core detector (YAC). In this paper, the design of YAC, the performance of the detector and
the results of test experiment are described.

2. Air shower core detector

To observe heavy component at the knee energy region, a design study of a new detector has been made by
Monte Carlo simulation [4]. A new detector consists of lead plates, which convert the high energy secondaries
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into electrons, and a scintillation counter. For the observation of the iron spectrum, we found that the optimized
thickness of lead is 3.5cm and distance between each detector center is 3 ~ 4 m approximately with trigger
condition of burst size greater than 100 as shown in Fig. 1. YAC array is going to be operated with TibetIII
air shower array at Yangbajing (China). Tibetlll is used to observe the total energy and the direction of an
air shower and YAC observes high energy secondaries around the air shower core. The energy range of iron
spectrum observed by YAC array is from a few 10'®eV to 10'7eV. Therefore the burst size of each YAC is from
a few hundred MIPs to 105MIPs. On the other hand, the signal of one MIP will be calibrated by single cosmic
muons. In other words, it is required that YAC should have the wide dynamic range from 1 MIP to 10® MIPs.
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Figure 1. Design of YAC detector.

[Dynamic range]
The signal of scintillator is read out with wave length shifting fibers (WLSF, KURARAY, Y11 ¢ = 1.5mm)
and two types of PMTs (HAMAMATSU R4125 and R5325), which have different gains each other, as shown
in Fig. 2. Fig. 3 shows the measured dynamic range of both PMTs. Higher gain PMT R4125 is used to measure
light yield from 1 MIP to a few thousand MIPs, where the gain is adjusted to about 2.5pC for IMIP, while lower
gain PMT R5325 is used in the dynamic range from a few hundred to 106 MIPs.

[Uniformity]
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Figure 3. The dynamic range of R4125 and R5325.
Blue LED pulse is measured by both PMTs. LED is
driven by TTL level pulse with the width of 25nsec.
The resolution of ADC count is 0.25pC/count.

Figure 2. Components of YAC detector.

One unit of YAC’s scintillation counter consists of a scintillator with the size of 50cm x 40cm x 1cm and 10
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WLSFs which are installed inside the scintillator with the gap of Scm. The both edges of WLSF are attached
to a PMT to read out scintillation light yield as shown in Fig.2. The position dependence of light yield has
been measured by cosmic muons with the experimental setup as shown in Fig. 4. Fig. 5 shows the uniformity
of light yield. The uniformity in the length of 50cm is better than £5%.
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Figure 4. An experimental setup for muon measure- Figure 5. The position dependence of light yield for
ment. the scintillator with WLSF used in YAC.

3. Test experiment

Small test array with 4 YAC detectors have been constructed near the center of TibetIII. Each detector has been
operated with the threshold burst size of 40 particles. Trigger rate of each detector is 0.15Hz approximately.
[Calibration]

The pulse charge of the higher gain PMT(R4125) has been calibrated with cosmic muons. Muons have been
triggered by small plastic scintillator put on YAC. Fig. 6 shows the charge distribution of R4125 by cosmic
muon. The peak is about 0.7pC and o is 0.4pC approximately. For lower gain PMT, the pulse charge is
converted to the particle number using both the single muon peak of the high gain PMT and the ratio of the
gain between higher and lower gain PMTs. To measure this correlation, the same air shower core events have
been observed by both types of PMTs. The relation of two PMTs is linear in the region from a few hundred pC
to thousand pC for R4125 as shown in Fig 7.

[Analysis]

Data from about 100 days have been analyzed and compared with Monte Carlo simulation. Fig. 8 shows
the observed spectrum of the burst size (Nb) by a YAC detector. The events have been selected under the
condition that the threshold of Nb in each YAC is 100 particles and number of hit detector is 4. Black points
show experimental data and dots show Monte Carlo simulation. “Cosmos” simulation code is used with the
interaction model of “DPMIJET3”. Experimental flux is consistent with Monte Carlo simulation.

4. Conclusions

A new type air shower core detector (YAC) has been developed to observe the cosmic-ray composition at the
knee energy region. Each YAC detector consists of lead plates of 3.5 cm thick and a scintillation counter.
The dynamic range of a YAC is from 1 MIP to 10¢ MIPs. Small test array with 4 YAC detectors have been
constructed in TibetIIl. The results observed by test array are consistent with Monte Carlo simulation. It is
confirmed that a new detector has sufficiently high performance to measure air shower core with the burst size
from a few hundred to 10°.
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Figure 8. Burst size spectrum.

5. Acknowledgments

This work is supported in part by Grants-in-Aid for Scientific Research on Priority Area (712) (MEXT) and
Grants-in-Aid for Scientific Research C, and by the Committee of the Natural Science Foundation and by the
Chinese Academy of Sciences in China.

References

[1] M. Amenomori et al., Phys. Rev. D vol. 62, 112002 (2000)

[2] M. Amenomori et al., Advances in Space Research 2004(COSPAR).

[3] M. Amenomori et al., HE.1.2 in this volume.

[4] J.Huang et al., in this volume.

[5] K. Kasahara, http://cosmos.n.kanagawa-u.ac.jp/ kasahara/ResearchHome/cosmosHome/index.html



