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Abstract. The Tibet air shower array, which has an effective area of 36,900 m2, has been
in operation at Yangbajing in Tibet, China at an altitude of 4,300 m above sea level. In this
paper, we will briefly introduce the recent gamma-ray observation with the present Tibet air
shower array and our future plan which is called the Tibet muon detector (MD) project.

1. Introduction

The Tibet air shower (AS) experiment has been successfully operated at Yangbajing (90.522◦ E,
30.102◦ N, 4,300 m above sea level) in Tibet, China since 1990. The array was constructed
first in 1990 and gradually upgraded by increasing the number of counters, then the Tibet AS
array was consists of 533 plastic scintillation counters of 0.5 m2 placed on a 7.5 m square grid
to detect high-energy ( > a few TeV) cosmic-ray showers. In the late fall of 2003, the area
of the Tibet AS array was further enlarged up to 36,900 m2 by adding 256 counters. This
final array configuration has been successfully in operation, triggering AS events at a rate of
1,700 Hz. Using these arrays, we already successfully detected gamma rays from Crab, Mrk 501
and Mrk 421 [1, 2, 3]. Also, we set stringent upper limits to gamma rays from Galactic plane
at 3 TeV and 10 TeV [4, 5].

2. Recent results

Recently, we updated the gamma-ray energy spectrum of the Crab Nebula [6]. We found no
evidence for time variability of flux intensity from the Crab Nebula at multi-TeV energies. Also
the gamma-ray energy spectrum of the Crab Nebula is consistent with our previous results and
other observations by the atmospheric imaging Cherenkov telescopes. We also have successfully
observed gamma-ray sources and precise large-scale cosmic-ray anisotropy in the northern sky
[8, 9, 10]. In these results, we first pointed out new small anisotropies in Cygnus region at
multi-TeV energies [10]. One of them is coincident with MGRO J2019+37 which the Milagro
experiment recently established to gamma-ray source [11]. After that, we first present the energy
spectrum of MGRO J2019+37 in multi TeV region [12].

The absolute gamma-ray energies in multi-TeV region observed by the Tibet AS array are
verified by the Moon’s shadow observation [7]. As primary cosmic rays are shielded by the Moon,
we observed a deficit in cosmic rays called the Moon’s shadow, and the center of the Moon’s
shadow shifts westward depending on primary cosmic-ray energies due to the geomagnetic field.
Using this effect, the systematic error of absolute energy scale is estimated to be less than
approximately ±10% level.

3. Future plan

We are planning to build a water-Cherenkov-type muon detector array (Tibet MD array) around
the Tibet AS array [13, 14, 15]. Each muon detector is a waterproof concrete pool, 7.2 m wide ×

7.2 m long × 1.5 m deep in size, equipped with two 20 inch-in-diameter PMT (HAMAMATSU
R3600). The Tibet MD array consists of 192 muon detectors set up 2.5 m underground as shown
by gray areas in Figure 1. Its total effective area amounts to be 10,000 m2 approximately for
muon detection with an energy threshold of 1 GeV.

The Monte Carlo simulation including the AS generation and responses of the Tibet AS array
and MD array was done to estimate the discrimination between gamma rays and hadrons based
on counting the number of muons accompanying an air shower [14]. As a result, hadron-induced
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air showers are suppressed by 99.99% around 100 TeV, while gamma-ray-induced air showers
remain by more than 95%. Finally, we calculate the integral flux sensitivity of the Tibet AS+MD
array to point-like gamma rays as shown by the thick solid curve in Figure 2. Note that our
sensitivity above 200 TeV is defined as a flux corresponding to 10 gamma-ray events, since the
background events are fully suppressed to less than one event.

The Tibet AS+MD array will have the sensitivity to gamma rays in the 100 TeV region by
an order of magnitude e better than any other previous existing detectors in the world. We
can expect to discover a dozen new point-like sources and diffuse gamma rays from Galactic
plane with extremely low background level in the northern sky. In the near future, the MAGIC
and VERITAS experiments, together with the Tibet AS+MD array will contribute to a deeper
understanding of the origin and acceleration mechanism of cosmic rays.

FT Detector (636)
FT Detector w/ D−PMT(445)

15 m
UG Cherenkov Detector (184)

1081 detectors
total 9,540 m2

Figure 1. Schematic view of the
Tibet AS+MD array.
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Figure 2. Integral flux sensitivities
to point-like gamma-ray sources.
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