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Abstract: Gamma-ray bursts (GRBs) are among the most energetic phenomena in the known universe and are
predicted to emit very-high-energy (VHE, > 100 GeV) gamma-ray radiation. The High Altitude Water Cherenkov
(HAWC) observatory is a ground based VHE gamma-ray detector currently under construction at Sierra Negra
in Mexico at an altitude of 4100 m above sea level. It has two data acquisition (DAQ) systems - one designed
to readout full air-shower events (main DAQ) and the other one counting the signals in each photomultiplier
tube (scaler DAQ). In this contribution the sensitivity of the scaler DAQ is reviewed, which detects GRBs by a
statistical excess over the noise rate. Results of the scalers analysis on selected GRBs are shown.
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1 Very-High-Energy Emission from GRBs
The phenomenon of gamma-ray bursts (GRBs) has been
known for almost fifty years now [1]. GRB emission in
the keV to MeV energy range is generally well described
by Band functions [2]. Recently, the Large Area Telescope
(LAT) on board the Fermi Gamma-Ray Space Telescope
(Fermi-LAT) has shown that at higher energies (above
∼ 20 MeV) the brightest bursts inside the LAT field of view
require additional spectral components. Most intriguing,
and a challenge for GRB modelling, are bursts that exhibit
an additional hard power-law (e.g. GRB 090902B and
090510 [3, 4]), which may also have a spectral break
(GRB 090926A [5]). Furthermore, it appears that the LAT
emission starts systematically later than the emission at
lower energies, e.g. reaching delays of up to 40 s for
GRB 090626, and the duration is also longer, reaching up
to almost 700 s for GRB 090328 [6].

Fermi-LAT has observed GRB emission up to 94 GeV
(GRB 130427A, see below). Extending the observations
beyond that energy is challenging for the LAT because
the effective area is approximately constant (∼ 0.6 m2

at 10 GeV) at these energies and the GRB spectra fall
quickly with energy. Such observations would however be
desirable because they can help to understand the emission
mechanism at work, e.g. by placing a lower limit on the
Lorentz boost factor in the GRB jet. Furthermore, they can
provide an insight into the extragalactic background light
(EBL) and Lorentz invariance violation.

2 High Altitude Water Cherenkov
Observatory

HAWC is a very-high-energy (VHE, above ∼ 100 GeV)
gamma-ray air-shower detector currently under construc-
tion at Sierra Negra in Mexico at an altitude of 4100 m
above sea level [7] and improves the water Cherenkov tech-
nique pioneered by Milagro. VHE photons are detected
by measuring Cherenkov light from secondary particles in
an extensive air shower. When completed in 2014, HAWC
will consist of 300 steel tanks of 7.3 m diameter and 4.5 m

depth filled with purified water. The bottom of each tank is
outfitted with three 8′′ photomultiplier tubes (PMTs) and
one 10′′ PMT. HAWC will have a substantially larger effec-
tive area than Milagro at energies around 100 GeV, primar-
ily because the array is more than three interaction lengths
closer to the shower maximum. Furthermore, the optically
isolated tanks will improve the hadron rejection efficiency
and thereby boost the sensitivity. Compared to Imaging At-
mospheric Cherenkov Telescopes, the other type of ground-
based instruments sensitive in the VHE regime, HAWC has
the advantage of a very large instantaneous field of view
(∼2 sr or 16% of the sky), a duty cycle close to 100% and
no observational delay e.g. due to slewing. It is therefore an
ideal detector for studying transient sources like GRBs.

Both HAWC DAQs, the main and the scaler DAQ,
have sensitivity to GRBs [8]. They have different energy
sensitivities and therefore complement each other. The main
DAQ records the time and charge of individual PMT pulses
and the signal arrival time in different tanks. This makes
the reconstruction of the incident direction of the shower
possible. Its sensitivity to GRBs is reviewed elsewhere [9].

3 Sensitivity of the Scaler System to GRBs
In the “single particle technique” [10], a transient flux
of gamma rays results in a detector wide increase of the
PMT count rates and can be identified on a statistical basis
by searching for an excess of the summed count rates
over an expected background rate. The PMT count rate
is typically dominated by cosmic-ray air showers, natural
radioactivity in the tanks and thermal noise of the PMTs
and is normally ≈ 25 kHz for the 8′′ PMTs and ≈ 50 kHz
for the 10′′ PMT. Unlike the main DAQ, the scaler system
does not measure the energy and arrival direction of the
primary gamma rays. However, low-energy gamma rays
that cannot be reconstructed by the main DAQ are still
observable with the scaler system, thus providing a lower
energy threshold which is important for GRB observations
due to EBL absorption. In the operation of HAWC, Struck
SiS-3820 VME scalers are used and read out in 10 ms time



Sensitivity of HAWC to GRBs Using the Scaler System
33RD INTERNATIONAL COSMIC RAY CONFERENCE, RIO DE JANEIRO 2013

  

Figure 1: Effective area of the scaler system for the full
HAWC detector [8]. Four different zenith angle ranges are
shown.

windows. This fine binning will allow the scaler system to
produce detailed light curves of the GRB emission at VHE.

The effective area of the scaler system is derived by
means of simulations. Gamma rays are simulated using
CORSIKA [11] and the detector response is simulated with
software using GEANT4 [12]. Fig. 1 shows the effective
area of the scaler system, Ascaler

eff , for the full HAWC detector
as a function of energy for various zenith angle bands. Each
shower can create hits in multiple PMTs and therefore the
value for the effective area is not restricted to the physical
size of the detector. The simulations include only the three
8′′ PMTs and adding the 10′′ PMTs should result in further
improvement.

In order to estimate the sensitivity of the scaler system,
an assumption on the background has to be made. The
distribution of the total noise rate is not expected to be
Poissonian because some sources of noise are correlated.
Correlated noise originates from air showers resulting in
multiple PMT hits, PMT afterpulsing and Michel electrons
created by muons stopping inside the tank. This leads to
a background distribution that is wider than a Poissonian
and is characterised by the so-called Fano factor F . Given a
signal rate S and background rate B the significance σ of a
given observation at zenith angle θ is:

σ =
S∆T√
FB∆T

=

√
∆T

FNPMTRPMT

∫ Emax

Emin

dE
dN
dE

Ascaler
eff (E,θ)

(1)
where NPMT is the number of PMTs in the detector, RPMT
is the average noise rate and ∆T the observation window.

Currently, studies are being done to determine the width
of the noise distribution and hence the Fano factor from the
first experimental data. The sensitivity presented here uses
a Fano factor that goes back to a dedicated background sim-
ulation. Primary cosmic-rays are simulated with CORSIKA
assuming an E−2.7 spectrum and normalised to the ATIC
measurements at ≈ 100 GeV [13]. Uncorrelated Gaussian
noise (e.g. due to radioactive decay) and PMT afterpulsing
is included in the simulation. More information on the sim-
ulation can be found elsewhere [8]. Using the simulation a
Fano factor of 17.4 is derived, which reduces the sensitivity
of the HAWC scaler system by a factor of 4.2 with respect
to purely Poissonian noise.

  

Figure 2: Necessary flux at 10 GeV multiplied by the square
root of the GRB duration for a 5 σ detection [8]. Shown
are various indices of the power-law spectra and sharp high-
energy cut-offs. Data from three known GRBs have been
inserted for comparison.

The gamma-ray spectra have been re-weighted for power-
law spectra of various spectral indices and high-energy cut-
offs. Figure 2 shows the flux required for a 5σ detection.
The scaler analysis is always dominated by background,
hence the sensitivity is proportional to 1/

√
∆T . This means

the shorter the burst for a given fluence the better the
sensitivity. It can be seen that GRBs like 090510 and
090902B would be significantly detected by the scaler
system if they occurred at favourable zenith angles.

A future improvement of the scaler DAQ would be an
active veto of air showers. Such a veto could be issued by
the main DAQ in case a large amount of light is present in
the detector. It would remove some of the correlated noise
caused by air showers and thereby decrease the Fano factor.
This would improve the sensitivity of the scaler DAQ.

4 Analysis of Scaler Data
The first step is the selection of search windows (regions
of interest) to search for an excess in the summed PMT
count rate. These windows are chosen using information
from observations at lower energies and are different for
each analysed GRB. Search strategies include the time of
the prompt emission, the peak flux and the time of the
highest energy photon. The scaler data is then rebinned to
the window size defined by the search windows.

An estimate of the number of background events in the
search window is obtained by using a moving average (MA).
A symmetric MA is applied to each channel, which means
each point i is replaced by the average of the N points before
and after (each having C number of counts):

MA(i) =
1

2N

j=i+N

∑
j=i−N; j 6=i

C( j) (2)

The choice of N determines how much data is used in the
background estimation. Depending on the binning, it is
typically chosen so that the background is derived from
∼±1000 s of data.

For each PMT the raw data is plotted as a function of
time and inspected by eye in order to identify unstable or
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Figure 3: The black dots show the summed count rates of
all selected PMT channels for GRB 130427A using a 60 s
binning. The data is well described by the moving average
(red line). A time window between -1200 s and +1200 s
around the GRB trigger time (blue line) is kept blind.

unreliable channels. Those channels are not included in the
summed count rate. Work is currently underway to quantify
and select stable and reliable channels automatically.

Figure 3 shows an example of the summed count rates of
all selected PMT channels for a 60 s binning (black points).
The count rates of the PMTs are influenced on the percent
level by changes in the atmospheric pressure and tempera-
ture due to differences in the shower development and the
detector temperature. It can be seen that the count rate has
a clear 12 hour modulation. Due to this larger timescale of
the variations compared to the period of background estima-
tion it is not necessary to try and correct the data for these
environmental and instrumental effects.

Apparently, the data is well described by the MA (red
line in Fig. 3). A region between -1200 s and +1200 s
around the GRB trigger time (blue line) is kept blind and not
plotted to allow for future analysis. As long as, even with
the largest search window considered, there is a gap to the
start of the earliest search window, binning effects, where
data from the blinded region is included in the last re-binned
window, are not relevant. The MA is not evaluated inside
the blinded region because it would contain information
from the search windows. The background estimate for each
search window is obtained by averaging the last and first
MA outside the blinded region. This value is then compared
to the number of counts inside the search window and the
number of excess events is calculated.

Figure 4 shows a histogram of the residuals between the
data and the MA. The distribution shows no significant out-
liers when compared to a Gaussian. Using this distribution
the p-value of the excess in the search window, which is
the probability that the observed excess is caused only by
background, can be calculated.

5 Analysis of Selected GRBs
In this contribution the analyses of two GRBs also detected
by Fermi-LAT, GRB 130427A and GRB 130504C, are
presented. At the trigger times, the scaler DAQ comprised
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Figure 4: A histogram of the residuals between data and
the moving average in the 60 s binning for GRB 130427A.
There are no significant outliers compared to a Gaussian.

29 operational Water Cherenkov Detectors out of the 300
planned (this stage of the detector being called HAWC-30),
thus collecting data from 116 PMTs. Of these channels, two
channels were excluded because their rate is either zero
or very low and another two PMTs were removed because
their rates show an anomalous excess of high count rates.

5.1 GRB 130427A
GRB 130427A was an extremely bright burst, setting the
record for the most energetic photon (94 GeV) ever detected
from a GRB [14]. It is among the handful of bursts that have
been detected by Fermi-GBM [15], Fermi-LAT [16] and
Swift [17]. Furthermore, the prompt phase has also been
detected by MAXI/GSC [18], SPI-ACS/INTEGRAL [19],
Konus-Wind [20], AGILE [21] and RHESSI [22]. It is the
most intense and fluent GRB detected by Fermi-GBM so far.
The redshift has been ascertained to be z = 0.3399±0.0002
[23, 24, 25], which identifies GRB 130427A as one of the
rare powerful and nearby bursts.

The Fermi-GBM triggered at 07:47:06.42 UT (in the
following denoted T0). HAWC data was only collected by
the scaler DAQ, as the main DAQ was not operational at that
time. The elevation of the burst in HAWC’s field of view
was only 33 degrees and setting. This results in a sensitivity
for HAWC that is more than 2 orders of magnitude poorer
than near the zenith. Furthermore, while near zenith the
nominal threshold of the scaler system is a few GeV, it is
much higher towards the horizon.

Swift-BAT triggered later on the burst, because it was
slewing to a pre-planned target, during which triggering
is de-activated. The BAT light curve indicates a first peak
between T0 and T0 +1 sec and a main, large peak, starting
at T0 +1, peaking at T0 +9 sec and ending at T0 +41. At
T0 +51 a second feature starts, peaking at T0 +141 sec and
returning to baseline at ∼ T0 + 2000 sec. The BAT T90 is
162.83±1.36 s (15-350 keV) and the GBM gives a T90 of
about 138 s (50-300 keV). The LAT emission seems to be
correlated with the GBM emission.

Six search windows have been selected based on this
light curve:

1. 0 s to 20 s, which covers the bright, structured peak
seen by GBM,
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GRB 130427A GRB 130504C
Search Window 1 2 3 4 5 6 1 2 3 4
PMT Sum [104] 7594.6 22765.2 56898.3 68307.3 113827.1 7590.6 58062.9 116120.5 7743.9 7738.2
BG Est. [104] 7590.7 22773.0 56932.1 68323.9 113879.0 7590.7 58082.6 116149.1 7745.1 7745.1
Excess [104] +3.9 -7.8 -33.8 -16.6 -51.9 -0.1 -19.7 -28.6 -1.2 -6.9
p-value 17% 78% 95% 71% 90% 50% 81% 71% 61% 96%

Table 1: For each search window the sum of all PMT counts in the search window is given together with the expectation
from the moving average. From these two values the excess is calculated. The p-value is the probability that the observed
excess is caused only by the background and is directly derived from the excess distributions like the one shown in Fig. 4.

2. -5 s to 55 s, covering the main peak as seen by BAT,
3. -5 s to 145 s, which is slightly larger than the T90

reported by GBM,
4. 120 s to 300 s, covering the main emission around

the second peak,
5. -10 s to 290 s, which combines the two peaks,
6. and -10 s to 10 s around the time of the highest energy

LAT photon.
For the MA, the choice of N is N = 4 for the 300 s bin-

ning, which means the average is calculated from ±1200 s
of data, and N = 6 for the 180 s binning (±1080 s of data).
Multiples of this are used for the other binnings (N = 8 for
the 150 s binning, N = 18 for the 60 s binning and N = 54
for the 20 s binning).

5.2 GRB 130504C
This GRB was detected by Fermi-LAT [27], Fermi-GBM
[28], Konus-Wind [29] and Suzaku [30]. The earliest trigger
time is T0 =23:28:57.518 UT from the GBM. No redshift
information is available for this GRB.

The burst was bright enough in the GBM to trigger an
autonomous repoint of Fermi. The LAT observed it for
2200 s after the trigger and detected long lasting emission
with > 70 photons above 100 MeV out to 1000 s. Multi-
peaked emission lasting roughly 40 s is seen at lower
energies. The highest energy LAT photon has an energy of
∼ 5 GeV and arrived 251 s after the trigger.

The GBM light curve consists of about 5 peaks associ-
ated with the GRB and the T90 of the GRB is about 74 s.
Konus-Wind reports that the light curve shows multiple
partly overlapped peaks from ∼ T0− 8 s to ∼ T0 + 112 s.
Suzaku saw a multi-peaked structure starting at T0− 6 s,
ending at T0 +113 s with a duration (T90) of about 67 s.

Based on this information, the following four search
windows have been selected:

1. -20 s to 130 s, which covers the whole prompt
emission,

2. -10 s to 290 s, which is an extended window,
3. 20 s to 40 s, which covers the peak flux of GBM,

Konus-Wind and Suzaku,
4. and -10 s to 10 s around the time of the highest energy

LAT photon.
For the MA, N is chosen as for the analysis of

GRB 130427A.

5.3 Results
Table 1 shows the results of the analysis of the scaler data
for each of the search windows specified earlier. All obser-
vations are consistent with the assumption of background
only. The only positive excess, in the first time window
of GRB 130427A, still has a 17% chance to be caused

by background only. HAWC has reported the results of
GRB 130427A in a GCN notice [31].

6 Conclusions
This proceeding has presented the scaler DAQ of HAWC
as a sensitive instrument and GRBs like 090510 and
090902B would be significantly detected if they occurred at
favourable zenith angles. The analysis procedure for scaler
data was shown together with first results of selected GRBs.
No indication of emission > 10 GeV is observed. The im-
plications of these non-detections with respect to the VHE
fluence of the GRBs will be reported elsewhere.
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