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Abstract

Cosmic rays, elementary particles traveling in the universe with high energy, were
first observed by V.F.Hess in 1912. The energy spectrum of cosmic rays extends from
10%eV to beyond 10%°eV, and follows a power law with the index around -3. And their
evidence and sources are still unsolved problems. Especially, cosmic rays with the energy
over 10?%¢V are the most energetic particles in the universe, and so it is predicted that
their sources are related to hyper energetic astronomical phenomena or super heavy relic
particles.

It is predicted that there exists a cut-off in the energy spectrum of cosmic rays around
10%°eV, because the ultra-high energy cosmic rays (UHECRs) lose their energies through
the interactions with the cosmic microwave background radiation (CMBR) during trav-
eling from their sources. However, the AGASA group reported the detection of 11 events

0%2%eV. This suggests the possibility of

of air showers with primary energies greater than 1
the existences of unknown sources within 50Mpc from the Earth or unknown phenomena
to accelerate UHECRs in the universe.

To solve these problems, we starts the Telescope Array (TA) project. It consists
of the air fluorescence detectors (FD), observing the longitudinal development of air
showers, and the surface detector array (SD), observing the lateral distribution. And,
it is expected to reduce the systematic error in the determination of primary energy
of UHECRs by the hybrid observation. We start FD observation on BRM station, the
eastern FD station, from May 2007, and on LR station, the western FD station, from
November 2007.

There are many theoretical predictions for the sources of UHECRs, and the mass
composition able to accelerate to UHE region become restricted in each models. Thus,
the mass composition of UHECRsS is the strong key for determining their sources. Higher
energy cosmic rays have long been known to be charged particles, but it is difficult to
determine the mass composition because of its low flux.

In this paper, for determine the mass composition of UHECRs, I analyze the events
stereoscopicly O observed by FDs and compare the reconstructed Xi,ax, the atmospheric
depth at maximum development of air showers, with simulated ones. In this study, I
assumed the 2 components model with protons and iron nuclei as primary particles. In
the composition analysis with X, ax, it is critical that reconstructed Xpax distribution is
biased because of the geometry condition of air showers and FD stations. Thus, I try to
select events not to be biased for Xi,ax, and the events through the selections are used
for the analysis. I also check whether the selections work out for denying the bias for

(Xmax)-
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O XY scanner
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'YAP will be mounted on PMT surface
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AmPH(alpha-source)
YAP-scintillator

Using YAP pulser absolute gains of 3 PMTs will be monitored.
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N = Yy Eaep (4.1)
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O0000fluorecence yield 0000000 [200000000004200000000

1 Agp AN
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@@) <1+pBw¢T 14 pBinVT (4.2)

dX /1 4MeV

0o000(%), .., 0 14MVI000000000000000000000000)
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00000410000000
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N =N TRay(T)TMie(T)m

det (43)
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Nich,total _ Nich,emlt + Nici’l,lpass (49)
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0 4.2:
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4.2.1 PMTOQO
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3rd selection

drdselection 0 000000000 O0OO0OOODOODOOODOOOOODOOOOOOO
000000 PMTOOOOOOUOOOOODOPMTOOOOOODOOD G,(0OODOOO
00)0o000000000000O00ooooOOOOO00O0OoDOoOoooooOoDODOO
OO PMTOOOOOOOOUOOD ;00000 (0D 4.70)0000000000O0OOO
;000000 4.18) 00000000
1sin — sin o

t; =t*
! + ¢ sin(¢ + o)

T0 (4.18)

o000« 00000ooooooooooooooooooooDoOr0 FDOOOO
gobooobooobobooobooooooo PMTOOD ;DO00O0O0OODOOOOO
0000 n0SDPOOODOOPMTOOOOOO W™ 00000

o = cos ! (nfroj : ng> (4.19)

00000 PMTO 000 ;00 (4.18) 000000000000 ODOOOOOOO
PMTOOOOOOOOOOOO0ODOOOOOOODOOOOOODOOOOOD (D4.70)0

wu
o

N
o

shower axis

TIME [us]
w
=)

N
o

—_
o

o

0 5 0 5 10 15 20
alpha [deg]

0 4.7: 3rd selection 00000000000 (0)0000 ;0 ¢, 000000000
0ooooo (@)

4.2.2 00000000

gobobooboboooooooobobobobboooooooobobooooooboboog
SbPOO00O0OOOOOOD (048)0SDPOUOOOOUOO nU0O000OnOO0ODO
0000000000000 0000000000

X2 = Z w' (n : kf“)2 (4.20)

0000k D000 PMTOOOOOOOOO0ODODOO00O0O0O0w 000004000
pMTOODOOOOOOOOODOOODOOOODOOODOODOO20000000000D0

48



00000 SppO0OD0ODOOO0OODOOOODO200 SDPOOOOOOOSDPOODO
000000000 mOn 0000000000000 0O0ODOOsOOOOO0O (4.21)
ubooboooo

S=mnp X ng (4.21)
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nst (Xmax)
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P, logE[eV]=18.5-19.0 Fe, logE[eV]=18.5-19.0
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P, logE[eV]=18.5-19.0 Fe, logE[eV]=18.5-19.0
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