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Abstract: As for the ground based Extensive Air Shower (EAS) experiment, to go to higher altitude is an
effective way to decrease the energy threshold and to enhance the scientific potential. While existing EAS
experiments at 4000m have already demonstrated that the gamma-ray energy threshold can reach sub-TeV,
100GeV threshold energy is pursued by the next generation EAS gamma-ray experiment. In recent years,
higher altitude sites have been searched in Tibet and some candidate sites have been found above 5200m. This
paper studies the effective area, angular resolution and gamma-ray sensitivity for a large area water Cherenkov
experiment at 5200m a.s.l..
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1 Motivation
The observation of the very high energy (VHE) gamma
rays is a fundamental method to study the origin and accel-
eration of the VHE cosmic ray (CR) particles. In the last
decade, benefited from the great success of satellite exper-
iments and ground-based imaging atmospheric Cherenkov
telescopes (IACT), the study of VHE gamma ray astron-
omy achieved a tremendous progress. The IACT experi-
ments have discovered more than 100 new TeV sources
[1, 2]; the space-borne detector of Fermi-LAT has found
∼2000 new gamma ray sources in the energy range from
MeV to GeV[3].

In addition, the extensive air shower (EAS) experiments,
with the advantage of the detection area as large as IACTs,
with the wide field of view and the high duty cycle com-
parable to satellite experiments, have the unique ability
in observing VHE transient sources and extended sources.
They would also make an important contribution in the
observation of gamma ray bursts (GRB) and dark mat-
ter annihilation. As a typical EAS experiment, the MILA-
GRO experiment[11], with the elevation as low as 2630m
and with the area of the center detector of only 4800m2,
successfully discovered 6 TeV sources, and some sources
have been already identified as the extended or diffuse
source. To date, the type of discovered gamma ray sources
is far richer than the expectation. The proposals for the
new technique and experiment with improved sensitivity
are pressingly encouraged.

In order to exert the full potential of the present ground-
based gamma ray detection technique, new experiments
have been proposed in recent years. The Cherenkov Tele-
scope Array (CTA) project[4] was proposed by IACT ex-
periment physicists, the sensitivity of which is 10 times
better than that of current IACT experiments. The HAWC
experiment[5], the evolution from MILAGRO, is aiming
to detect transient sources. The LHAASO project[6] in
China is intent on observing gamma rays with a large en-
ergy range from hundreds of GeV to hundreds of GeV.

It should be noted that the current low sensitivity en-
ergy region of sub-100 GeV (connections between the
space and ground-based observation), though improved
in new proposed experiments and plans, is not sensitive
enough. The energy range from sub-100GeV to TeV is a
crucial band in gamma ray astronomy. The observation in
this energy range would give more messages from GRBs,
AGNs, and EBL by investigating these sources, and hence
to study the galaxy formation and the evolution of the early
universe. The analysis of the light curve of the transient
source is one of the most sensitive methods to constrain
Lorentz Invariance Violation. The observations of VHE
cosmic rays and gamma rays are of importance in the in-
direct detection of dark matter. As gamma rays and other
secondary particles induced from dark matter annihilate
are diffuse, the EAS experiments in a wide angle and with
a high duty cycle would be needed.

One effective way to decrease the sensitive energy re-
gion to sub-100 GeV is to go to a higher altitude for the
EAS experiment. As early as in 1999,the potential advan-
tages of a cosmic ray station above 6000-m elevation have
been noted, and Tibet was suggested to be a probable host
location[7]. A site, accessible by road and with an eleva-
tion of about 6100-m has been identified near New Tingri
in Tibet, about 100 km north of Mt. Everest. The simu-
lation to put a scintillator array at 6000m altitude is pre-
sented at last ICRC[8]. Another proposal is to set a water
Cherenkov detector at 5.2km with an active detection area
of 100,000m2 (HAWC100)[9]. This detector would have
an effective area of∼ 10000m2 at 100 GeV and a sensitive
response in the low-energy. A similar proposal, the Puma-
Jiangtang experiment, is suggested in LHAASO to build
a large area and full-coverage water Cherenkov detector
at 5200m a.s.l.[10]. In this work, a simulation is carried
out for the water Cherenkov detector at two observational
levels, in which, the effective area, angular resolution and
gamma-ray sensitivity are investigated.
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2 Basic characteristics of secondary
particles

The advantage of selecting a higher elevation site can be
investigated by analyzing the characteristics of secondary
particles at different observational levels. The package of
Corsika (version 6.67) is employed in this work to simu-
late the air shower development through the atmosphere.
The interaction model of QGSJET01 is chosen for the case
of hadronic events.

The lateral distribution of secondary particles from air
showers, induced by vertical primary gamma rays of 50
GeV and 100 GeV, are shown in figure 1 at different obser-
vational levels of 4.3 km and 5.2 km, respectively. These
particles are chosen within 200m of the shower core and
with kinetic energy larger than 1MeV. The density yields
to the NKG distribution, and increases significantly with
elevation. In particular, the rise from 4.3 km to 5.2 km re-
sults in an increase of the density of the secondary parti-
cles by a factor of 2 to 3 for 50GeV. This implies that the
operation of the EAS array at a higher altitude would have
a larger detection area, and would achieve a significant re-
duction of the energy threshold, by a factor of∼ 2.5, be-
cause the density is almost proportional to the primary en-
ergy.

3 The possible site
Six candidates in Tibet with elevation greater than 5km
have been investigated in June 2011 by a Chinese team
consisted of seven physicists and engineers.[12] The Tibet
town of PuMaJiangTang is identified as a most suitable
site for hosting the high-altitude EAS experiment due to
its convenient travel and favorable conditions in transporta-
tion, weather condition, electric power. The anti-frozen ex-
periment at this site has been carried out with a promising
result.[13][14]

Several experiments in astronomy and astroparticle
physics have been operated at sites with such high an alti-
tude, e.g. the LAGO[15] in Chacaltaya Astrophysical Ob-
servatory (5230m), the microwave observatories of Ata-
cama Cosmology Telescope (5190 m)[16], and James Ax
Observatory (5200m). Nevertheless, to construct a large
EAS array above 5200m is still a challenge.

4 The detector
The EAS experiment is widely used in the cosmic ray com-
munity with the advantage of a high duty cycle and a large
field of view. The water Cherenkov detector and the scin-
tillator counter are two candidates for present EAS experi-
ments. As shown in fig. 1, the density of secondaryγ-ray
is five times as much as that of electron, positron. The wa-
ter Cherenkov technique uses water as a converter of sec-
ondary gamma rays and a generator of Cherenkov light
induced by charged particles, increasing the detection effi-
ciency for gamma rays. The full coverage array could be
obtained at low cost due to the water is cheap and can be
conveniently acquired. As demonstrated in the simulation
of HAWC and LHAASO-WCDA, this unique detector has
the good gamma/hadron discrimination and the high angu-
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Figure 1: The lateral distribution of secondary particles in-
duced by vertical primary gamma rays. The top pannel is
the secondary gamma rays and the bottom one is the sec-
ondary electrons and positrons. The kinetic energy of sec-
ondary particles is greater than 1MeV. The energy of the
primary gamma rays are simulated at 50GeV and 100GeV
respectively.

lar resolution in the VHE gamma ray observation.

In this case, the water Cherenkov pond is used in our
simulation. The pond is a 150m x 150 m pool partitioned
by curtains into 5m x 5m detector cells. The 900 PMTs
with the diameter of 8 inches are deployed at a depth of 4
m in the water. At the bottom-center of each detector lo-
cates one facing-upward PMT. The curtains are blackened
to avoid the reflection of Cherenkov lights.

5 The simulation
The air shower simulation is performed by Corsika pack-
age and the detector response by Geant4 code. The kinetic
energy cut-off of electrons, positrons and photons is ap-
plied to 1 MeV. The gamma ray events are generated ac-
cording to the Crab orbit (the position of the detector is
set at Yangbajing 90.522 E, 30.102 N ) with the zenith an-
gle less than 30o and the energy spectrum index of -2.6.
The cosmic ray events are generated with the zenith angle
from 0o to 70o, and the azimuthal angle from 0o to 360o.
The background noise rates of one PMT at the elevation of
4300m and at 5200m are 1kHz/m2 and 3kHz/m2, respec-
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Figure 2: The effective detection area of the water
Cherenkov detector at 4.3km and 5.2km, respectively. The
gamma ray events are selected withN f it > 8 and∆θ <
1.75o. The flat line indicates the effective area of Fermi-
LAT.

tively. The trigger is basically caused by 12 fired PMTs in
coincidence within a time window of 400 ns, which satis-
fies the complicated trigger logic.

6 Preliminary performance
The effective detection area as a function of the primary
energy of gamma rays is shown in fig.2. For a given config-
uration and arrangement of the water Cherenkov detector,
the energy threshold and the effective detection area of pri-
mary γ-rays are determined by the lateral distributions of
secondary particles and the event cut conditions. The detec-
tor configuration is described in section 4. In this plot, the
criteria are a) the number of PMTs remained in the fitted
shower front plane (N f it) is larger than 8; b) the angular
difference between the primary and reconstructed direction
(∆θ ) is less than 1.75deg. As in Fig.2, the effective area sig-
nificantly increased with the elevation. For the gamma ray
of 50GeV, the effective area is∼ 300m2 at 5.2km, nearly 4
times of that at 4.3km. This means that one detector at the
elevation of 5km is comparable with four same detectors
at 4.3km. The flat line indicates the effective area of Fermi-
LAT, which is constant at∼ 1m2 along this energy range.
If ever one photon is observed by Fermi-LAT,∼ 300 pho-
tons would be detected by the water Cherenkov detector.
At the energy about 1TeV, the effective detection area of
gamma rays is∼ 40% larger than that at the lower altitude.

Fig.3 is the angular resolution for gamma rays from sub-
100GeV to TeV. The angular resolution is defined as the
angular radius that would contain 50% of showers com-
ing from a point source. The Crab is chosen as the stan-
dard source, and the gamma ray events were selected with
zenith angle smaller than 30o and withN f it greater than
eight. The angular resolution for sub-100GeV gamma rays
in case of 5.2km is larger than 2o, but sufficient for the ob-
servation and study of GRBs. Above 100GeV, the angular
resolution is better at a high elevation, which is about 20%
better above 1TeV at 5.2km.

The gamma-hadron separation is achieved using a cut
on the variable ofN f it/cxPE. Here cxPE is the ampli-
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Figure 3: The angular resolution of the water Cherenkov
detector at 4.3km and 5.2km, respectively. The gamma ray
events were selected with zenith angle< 30o andN f it > 8
from the direction of Crab.

Primary Energy (GeV)
210 310

Q
 F

ac
to

r

1

1.5

2

2.5

3

3.5

4

4.5

5

5.5

(5200m)0-300crab 0

(4300m)0-300crab 0

Figure 4: The quality factor of the water Cherenkov detec-
tor at 4.3km and 5.2km, respectively. The gamma ray were
selected with zenith angle< 30o andN f it > 8 from the di-
rection of Crab.

tude of the largest hit PMT more than 30m from the fit-
ted shower core position. Fig.4 shows the quality factor of
the water Cherenkov detector at 4.3km and 5.2km, respec-
tively. We would get a better quality factor at 5.2km, and
the improvement increased with energy from 200GeV to
1TeV. Below 100GeV, we still have the ability to separate
gamma and hadron at 5.2km.

Fig.5 shows the expected integrated flux sensitivities
of the gamma ray source of Crab for 1 year’s observation.
The threshold is decreased to∼ 60 GeV for the detector at
5.2km. The sensitivity has an overlap with that of Fermi-
LAT. For the gamma ray source with a short time scale but
strong flux, the ground based experiment with lager effec-
tive area could have more sensitivity, which is discussed
in another presentation of this conference[10]. Compared
with the 4.3km situation, the detector at 5.2km will be
45% more sensitive above 1TeV, and 70% more sensitive
at 200GeV.
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Figure 5: The flux sensitivities of the gamma ray source of
Crab for one year’s observation.

7 Discussion
The simulation result in this work indicates that the effec-
tive area of the detector substantially increased with the el-
evation. In particular, the effective area at 5.2km is 4 times
of that at 4.3km for 50GeV gamma rays. The sensitivity
is improved significantly in case of the higher altitude. In
conclusion, to go to a higher altitude is an effective way to
enhance the scientific potential for EAS experiments.
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