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Abstract: HAWC experiment is currently under construction in Mexico at altitudes of 4100 m a.s.l and the
energy threshold can be as low as a few hundred GeV. Owing to the large field of view and high duty cycle,
HAWC is capable for observing high energy GRBs. Traveling through cosmological distance, gamma rays with
energy higher than 100 GeV are strongly attenuated due to the pair production interaction between gamma rays
and extra-galactic background lights. It is crucial to further decrease the energy threshold down to tens of GeV.
Recently, some interesting candidate sites were found in Pumajiangtang (5200 m a.s.l) of Tibet, China. Based on
full MC simulation, this work shows that the effective area for 50 GeV at 5200 m is 4 times larger than that at
4100 m. By adopting the popular GRB model parameters, 1 ∼ 2 high energy GRBs are expected to be observed
every year with a HAWC-like experiment at 5200 m.
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1 Introduction
Gamma Ray Bursts(GRBs) are one of the most powerful
and intriguing objects in the universe. The satellite exper-
iment BATSE on board of CGRO was launched in 1991
and found thousands of GRBs. While the spectra of the
majority of observed GRBs are typically at sub-MeV, no
energy cut-off has been observed, which suggest that the
spectra extend to high energy. EGRET detected more than
30 GRBs with GeV emission. The detected highest energy
photon was 18 GeV, which arrived 4500 seconds after the
trigger of GRB940217[1]. These observations open new
window to understand the mechanism of Very High Energy
(VHE) emission.

It is widely accepted that GRBs are flashes of gamma
rays by the dissipation of kinetic energy in a highly rela-
tivistic jet, driven by gravitational collapse of a (few) so-
lar mass object into a neutron star or a black hole[2]. Dur-
ing such process, VHE emission up to TeV from GRBs are
expected to be produced by a number of channels which
could occur in the relativistic fireball model[3] and in the
afterglow phase[4]. One of the most likely mechanisms ca-
pable of producing VHE photons is the inverse-Compton
scattering from the internal shock or the external shock. In
those models, the predicted spectrum of high energy pho-
tons depends on the choice of fireball parameters. So obser-
vation of the high energy emission of GRBs will provide
very important information and put constrain to the GRB
models.

In fact, several searches of TeV emission from GRBs
have been made by ground based experiments. The Ti-
bet air shower array performed search of TeV burst-like
events either coincident with the BASTE bursts[5] or
blindly. The ARGO-YBJ has attempted to search for GeV
GRBs in scaler mode and only up limits on the fluence
was derived[6]. Rapid follow-up observations by the Air
Cerenkov telescope Whipple[7] and MAGIC[8] were per-
formed. No significant detection of high energy emission
was observed. Hint of VHE emission from GRB970417 at

3σ confidence level was found by Milagrito array, the pro-
totype for Milagro detector[9]. While several of these at-
tempts have presented the hint of TeV emission coincident
with GRBs, none of them are considered as the convincing
evidence.

The GRB observation by Fermi-LAT has initiated a new
era of studying the mechanisms of high energy emission.
Until now, tens of GeV GRBs were observed and five of
them with more than 10 GeV photon. Particularly, a nearby
super-luminous burst GRB130427A was simultaneously
detected by six gamma ray space telescopes(Swift, Fermi-
GBM/LAT, Konus-Wind, SPI-ACS/INTEGRAL, AGILE
and RHESSI). More excited is that the highest energy LAT
photon is greater than 90 GeV[10, 11]. However, the lim-
ited physical size of Fermi-LAT detector prevents them
from obtaining enough statistics of high energy photons.
EAS detector arrays with high sensitivity, which has an ad-
vantage of very large field of view and high duty cycle, is
needed for us to detect high energy gamma ray emission.

In this work, a HAWC-like water Cerenkov detector
array at high altitude 5200 m in PumaJiangtang town, Tibet
of China is adopted. By full MC simulation, we obtain that
the effective area for 50 GeV at 5200 m is 4 times larger
than that at 4100 m. By adopting the popular GRB model
parameters, 1 ∼ 2 high energy GRBs are expected to be
observed every year with such an experiment at 5200 m.

2 The Pumajiangtang Project
Considering the cosmological origin of GRB, the obser-
vation of gamma rays with energy higher than 100GeV
is dramatically subpressed because of the attenuation due
to the pair production interaction between gamma rays
and extra galactic background lights. It is very important
and interesting to decrease the energy threshold to tens
of GeV for ground-based expermiments. However, the en-
ergy thresholds for the ground EAS experiments at present
are a few hundred GeV. One simple and effective way
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to improve the detector’s sensitivity at tens of GeV is to
go to a higher altitude[12, 13]. So a HAWC-like water
Cherenkov detector is proposed at PumaJiangtang(5200 m
a.s.l., ∼ 520g/cm2) for study the sensitivity of GRB detec-
tion.

The suitable candidate site locates at PumaJiangtang
town with 5200m a.s.l., which has the highest primary
school in the world and also has convenient transporta-
tion, weather condition, electric power and network
communication[14, 15]. Moreover, our colleagues have
performed the anti-frozen experiment at proposed site
and have obtained expected results to build water pool
array[16]. So a HAWC-like water Cherenkov detector with
the size of 150m × 150m pool is adopted at PumaJiang-
tang town of 5200m altitude. The pool will consist of 900
cells with black curtains intervals, which can reduce reflec-
tions of light. Every cell is size of 5m×5m and 4.5m deep
, viewed with one 8 inches PMT in the purified water. The
PMTs are placed near the bottom of the cell, with a depth
of 4m, to look up the prompt Cherenkov light for better
primary direction reconstruction. For more detailed infor-
mation, please refer to [17]

3 Monte Carlo Simulation
Basing on above detector layout, we performed full simu-
lation to investigate GRB sensitivity. The air showers de-
velopment in the atmosphere has been generated with the
CORSIKA version 6.502 code[18]. The electromagnetic
interactions are described by the EGS4 package while the
hadronic interactions above 80 GeV are reproduced by the
QGSJET-II.03 and the low energy hadronic interactions
are described by the GHEISHA package. The gamma rays
have been simulated in the energy range from 5GeV to 1
TeV with distinct zenith angle interval 0∼40 degrees. How-
ever, CR spectra have been produced in the energy range
from 10 GeV to 10 PeV with the zenith angle from 0o to
70o , and the azimuthal angle from 0o to 360o. The sec-
ondary particles have been tracked down to a cut-off ener-
gies of 1 MeV (electromagnetic component) and 100 MeV
(muons and hadrons). The experimental conditions (trigger
logic, time resolution, noises, etc.) have been taken into ac-
count via a GEANT4-based code. In the GEANT4-based
detector simulation, the background noise rate of one PMT
at the altitude of 4300m is 30kHz per cell and 75kHz per
cell, which is based on the LAGO[19] experiment.

To ensure the quality of event reconstruction, we require
that the fired PMT number, which takes part in direction
reconstruction fit, is more than 10. After applying fired
PMT number selection criteria, the angular resolution ψ50
of PumaJiangTang Project is 1.3o. the corresponding op-
timal angular radius of 1.75o is also adopted in our good
event selection[21].

3.1 Effective Area
The effective area, which depends on the primary energy
and zenith angle, is calculated as following:

Ae f f (E,θ) = As ×
ns(E,θ)

Ngen(E,θ)
(1)

Here, As is the sampling area (400 × 400 m2 ), ns is signal
events that satisfy the above selection criteria, Ngen is the
number of events generated and θ is the zenith angle. The
effective area comparison is shown in Fig.1. The effective

Figure 1: Effective area comparison at 5200m and 4100m
for triggered mode. The green solid line indicates Fermi-
LAT effective area.
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Figure 2: The distribution of integral flux from threshold
energy(5 GeV)to high energy cut-off Ecut : the solid line is
the minimum signal integral flux Fmin, required for 5σ ob-
servation, at diferent spectral index; the dash line is inte-
gral flux of GRB090510.

area for 50GeV at 5200 m altitude is 4 times larger than
that at 4100m.

Given a zenith angle, assuming the spectrum index of
primary gamma (-2.0 for our simulation), and the cutoff
energy Emax , the mean effective area Ae f f can be defined
as:

< Ae f f >=

∫ Emax
5GeV Ae f f (E,θ) ·E−α dE∫ Emax

5GeV E−α dE
(2)

Where, α is the spectrum index.

3.2 Sensitivity for 5σ observation
The background events number Nb can be estimated from
data as a function of Zenith angle with 1s duration, and
the minimum number of signals Nsig required for a 5σ
observation can be calculated. So the integral flux Fmin to
required for 5σ observation can be defined as[22]:

Fmin =
Nsig

< Ae f f >
(3)

Here Fmin characterizes the sensitivity to detect GRB as the
function of energy cut-off Ecut shown in Fig.2.

As an example of GRB090510, the PumaJiangTang
Project has 5σ observation when the energy cut-off is
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Figure 3: The simulated light curve of GRB090510 for
PumaJiangtang Project. Different curve refers to different
energy bin.

around 20 GeV. Moreover, one 30.5 GeV has been ob-
served and no energy cut-off is found[23]. For more sen-
sitity information about this GRB, the light curve in dif-
ferent energy bins is shown in Fig.3. In each time bin, the
number of detected photons(summed over all energy bins)
is in direct proportion to that of Fermi-LAT but the total
photon number of the burst is calculated in the setup mode
of PumaJiangtang Project using observed energy spectrum
of Fermi-LAT.

4 GRB Observation Rate
To estimate the detection rate of GRBs for PumaJiangtang
project, we built up a mock sample based on BATSE de-
tection. Because the observation of GRB VHE emission is
rare we have to extrapolate the low energy properties of
a GRB to get information of its VHE part. The sample is
a set of parameters which characterize the observational
properties of a GRB such as the isotropic luminosity(L) ,
redshift(z), spectrum parameters, T90 and so on.

4.1 Luminosity and redshift distribution
We adopt the best-fitting GRB rate and GRB luminosity
function of [24] which are obtained from inverting directly
the redshift-luminosity distribution of observed long Swift
GRBs.

The EBL model used for gamma ray absorbtion is [20].

4.2 Spectral model
We consider only prompt emission within a duration T90
ignoring the photon flux contribution of the subsequent
processes. We test two spectral models[25, 26]:

• ’Band’ model: a simple extrapolation of the Band
function to VHE region.

• ’Bandex’ model: an extra power-law component is
added on the Band function with an index −2.0.
Following [26], we use the parameter Rextra to fix the
fraction of events of the extra component. Rextra ≡
L(0.1−100 GeV)/L(1−104 keV), which is roughly
the ratio of the Fermi-LAT band luminosity to that
of GBM.
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Figure 4: Simulated Fermi-LAT GRB sensitivity. The
GRB spectrum is simply extrapolated from BATSE to
Fermi-LAT energies(’Band’ model) with the effect of
EBL absorption. Different curves refer to different energy
thresholds. Dashed curves are results using the subsample
of GRBs with the high energy spectral index negative than
−2.

Our method of generating GRB sample is the same as
[26] but using different Ep −Lp relation[27].

In Figure 4, we plot the expectation annual GRB rate
of Fermi-LAT as a function of the number of photons
per burst. Different color of lines refer to different energy
thresholds. Dashed lines are using the subsample of GRBs
with high energy spectral index more negative than −2.
This is taken as a simple test of our sample. The high
energy burst rates predicted are less than observed ones,
which may be largely due to the deviation of high energy
spectral properties from that of Band function based on
Fermi-LAT observations. In our analysis, we assume a
spatially uniform background with a power-law spectrum
which is set the same as [28].

4.3 detection rate
The field-of-view of our project is ∼ 0.84 sr, assuming a
full duty cycle during the year, we can expect ∼ 0.3 GRB
per year to be detected in the ’Band’ scenario. This rate
is roughly the lower limit of GRB sensitivity. Considering
the energy threshold of our project is several tens of GeV,
and the effective area increasing sharply after the thresh-
old, we can suppose that some extra component emerge
in VHE photon spectrum which is invisible to Fermi-LAT
due to its limited area. In Figure 5 we plot the predicted
annual GRB rate of Pumajiangtang Project with different
Rextra. Rextra ∼ 0.1 and Rextra > 1 are usually related respec-
tively to long and short GRBs. The large number of pho-
tons detected by Pumajiangtang Project does not imply an
accurate reconstructed energy spectrum due to bad energy
resolution in the vicinity of the threshold.

5 Conclusion
Basing on the full simulation of our proposed detector and
the simulation of GRB sample, we give a GRB sensitivity
in predicted annual rate. An efficient way to increase the
effective area and lower the energy threshold is to put EAS
array at higher altitude. For the GRB numbers with energy
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Figure 5: Simulated Pumajiangtang Project GRB sensitiv-
ity. The GRB spectral model used is ’Bandex’ and the high
energy spectral index is not restricted. We only show the
result of detected GRBs with photon energy larger than 30
GeV and Fermi-LAT rate with energy threshold of 30 GeV
is also plotted for comparison.

threshold greater than 30 GeV detected with Pumajiang-
tang Project will be ∼ 2 times of that of Fermi-LAT, which
will give us more chances to study on the rich phenomena
of high energy GRBs.
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