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Abstract: The GLAST Large Area Telescope (LAT) is the next generation satellite experiment for high-
energy gamma-ray astronomy. It is a pair conversion telescope built with a plastic anticoincidence shield,
a segmented CsI electromagnetic calorimeter, and the largest silicon strip tracker ever built. It will cover
the energy range from 20 MeV to more than 300 GeV, shedding light on many issues left open by its
predecessor EGRET. One of the most exciting science topics is the detection and observation of gamma-
ray bursts (GRBs). Here we present the work done so far by the GRB LAT science group in studying the
performance of the LAT detector to observe GRBs. We report on the simulation framework developed
by the group and on the science tools dedicated to GRB data analysis. We present the LAT sensitivity
to GRBs obtained with such simulations, as well as the general scheme of GRB detection that will be
adopted on orbit.

Introduction

GLAST [1] [2] is an international mission that
will study the gamma-ray Universe. The heart of
GLAST is the Large Area Telescope (LAT) [3], a
pair production telescope sensitive to gamma rays
in the energy range from 20 MeV to 300 GeV
and above. The LAT is an array of 4×4 identi-
cal towers, each made by a tracker of silicon strip
planes with slabs of tungsten converter, followed
by a hodoscopic calorimeter. The array of tow-
ers is surrounded by an anticoincidence detector
which identifies charged cosmic rays. The LAT en-
ergy range, effective area, field-of-view (FoV) and
angular resolution [4] are vastly improved in com-
parison with those of its highly-successful prede-
cessor EGRET (1991–2000), so that the LAT will
provide a factor 30 or more advance in sensitivity.
This improvement should enable the detection of
several thousands of new high-energy sources and
allow the study of GRBs.

The second detector onboard the GLAST satellite
is the GLAST Burst Monitor (GBM) [5], which
consists of twelve NaI detectors (10 keV to 1 MeV)
and two BGO detectors (150 keV to 30 MeV). It
covers the entire visible sky not occulted by the
Earth, and it is designed to tie the unknown high-

energy emission observed by the LAT to the better
known region between 10 keV and 30 MeV, where
most of the GRB emission takes place. GBM and
LAT data will be jointly fitted providing spectral
information over more than seven energy decades.

Gamma-Ray Bursts and GLAST

GRBs are still a puzzling topic and few obser-
vations are nowadays available above 100 MeV.
EGRET sensitivity to GRBs was limited by its low
effective area above 1 GeV and its large deadtime.
It detected only a few high-energy bursts [6], and
did not detect the high-energy cutoff that must ex-
ist for some hard spectra to keep the energy flux fi-
nite. Surprisingly, GeV emission was found to last
up to 90 minutes after the burst in GRB940217 [7],
and an extra spectral component was observed at
100 MeV in GRB941017 [8].

GLAST will make a real breakthrough in the ob-
servation of GRBs. In the first year it will operate
in scanning mode most of the time, providing uni-
form full sky coverage every three hours. Starting
from the second year of operations, and depending
on the Guest Investigator program, GLAST may
also be used in pointing mode. In case of intense
burst, it will also be able to repoint in order to
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maintain the celestial source in the LAT FoV du-
ring the prompt emission phase or to search for de-
layed emission.

The GBM and LAT will independently trigger on
GRBs: the first on a rapid increase of the count
rate, and the second considering spatial and tempo-
ral clustering of counts. The GBM threshold flux
in the 50–300 keV range, along the LAT axis, is 0.8
s−1 cm−2. Assuming a BATSE-like population of
bursts, this implies that the GBM will detect 200
bursts per year, of which more than 60 will fall in
the 2.4 sr FoV of the LAT, allowing joint obser-
vations. In case of a GRB trigger, an alert mes-
sage will be sent to ground in near real-time via
TDRSS (a communication satellite system). This
will provide basic information for follow-up ob-
servations. The initial on-board GBM localization
error will be less than 15◦ (within 2 s). Updates
will come later, reducing this error box down to 3◦

for a bright burst. The LAT detector can provide
better accuracy, of the order of 10 arcmin or less,
depending on the burst intensity. A full downlink
of all the data will be performed via TDRSS∼6
times a day and the scientific data, after a first ana-
lysis done by the LAT collaboration, will be delive-
red to the user community (LAT event data will be
public after the first year of scientific operations).
GLAST will also cooperate with other space tele-
scopes (like Swift [9]) in studying bursts. As an
example, simple computations show that 20 Swift-
detected GRBs per year will also be in the LAT
FoV.

LAT sensitivity to GRBs

To study the performance of the LAT in obser-
ving GRBs, we have set up a full simulation chain
that starts from a detailed description of the sky,
and adopts either a full Monte Carlo simulation of
the instrument (by propagating every single parti-
cle through the different materials of the detector),
or a fast science simulator which uses a paramete-
rized description of the instrument for processing
the incoming fluxes. Since the LAT sensitivity to
GRBs strongly depends on their high-energy emis-
sion where little is known, we have developed dif-
ferent models, two of which are described in the
following.

Phenomenological model

In the phenomenological description of GRBs, the
emission at LAT energies is obtained by extrapo-
lating the spectrum from the BATSE region (see,
e.g., Fig. 1). For each simulated burst the dura-
tion is drawn from the observed T90 distribution
and its flux is sampled from the BATSE peak flux
distribution in the 50–300 keV energy range. Each
burst has a spectrum described by the Band func-
tion [10], where the peak energyEp and the low
and high-energy spectral indicesα andβ are sam-
pled from the observed distributions [11]. The
light curve of the GRBs are obtained by adding
many pulses (until the duration of the burst is in
agreement with the sampled T90 parameter). Each
pulse is described by a universal family of func-
tions, and we extrapolated the so called “pulse
paradigm” [12][13], for which the width of the
pulses scales with the energy of the light curve as
E−0.4. Short and long bursts are treated separately
so that the observed hardness-duration correlation
is reproduced.

In order to compute the sensitivity of the LAT de-
tector to GRBs, we simulated one year of obser-
vation in scanning mode, assuming a burst rate of
650 per year (full sky). The orbit of the GLAST
satellite, the passages through the South Atlantic
Anomaly and the Earth occultations were consi-
dered. The observed energy, direction and detec-
tion probability were computed for each simulated
burst photon, by taking into account the instrument
response functions. These quantities were used
to estimate the number of photons that would be
detected by the LAT detector. At high energies
(>10 GeV), it is also important to consider the atte-
nuation of the flux due to the interaction of burst
photons with the optical-UV photons of the extra-
galactic background light (EBL). We included this
effect in the simulation, adopting the EBL model
proposed by [14] and assuming the long burst red-
shift distribution from [15] and the short burst dis-
tribution from [16].

Fig. 2 shows the number of expected bursts per
year as a function of the number of photons per
burst detected by the LAT. Different lines refer
to different energy thresholds. The EBL attenua-
tion affects only the high-energy curve, as expected
from the theory, leaving almost unchanged the sen-
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Figure 1: Data (points with error bars) and folded
model (lines) for a simulated GRB described by a
single Band function. Shown in red and black are
the GBM/NaI detectors, in green the GBM/BGO
detector and in blue the LAT.

sitivities for thresholds less than 10 GeV. In this
calculation, the LAT will independently detect 50–
70 bursts per year, depending on the sensitivity of
the detection algorithm. A few bursts per month
will give more than a hundred counts in the LAT
detector: these are the bursts for which a detailed
spectral or even time resolved spectral analysis will
be possible. Finally, a few bursts per year will
show high-energy prompt emission with photons
above 50 GeV.

Physical model

We have also developed a physical model based on
the internal shock scenario [17]. In this framework
GRB spectra are obtained by synchrotron radiation
of shock accelerated particles in relativistically ex-
panding emitting shells. Additional high-energy
radiation can be also emitted by inverse Compton
scattering (self synchrotron Compton), with a flux
and a maximal energy limited by internal absorp-
tion due to pair attenuation [18]. For these mo-
dels, the synthetic spectrum is stored as a two di-
mensional histogram of count rate as a function
of time and energy, and is used to sample pho-
tons that are then sent to the simulator of the LAT
instrument. As for the phenomenological model,
the output files have the same data-structure of the
“real” level 1 data which will be available to the
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Figure 2: Model-dependent LAT sensitivity to
GRBs. The GRB spectrum is extrapolated from
BATSE to LAT energies. The burst rate in the4π

sphere is assumed to be 650 GRB/yr, in agreement
with BATSE statistics. The effect of the EBL ab-
sorption is included. Different curves refer to dif-
ferent energy thresholds.

community when GLAST will be on-orbit. Output
data files are also produced for the GBM instru-
ment and can be used for joint analysis (see, e.g.,
Fig. 3 and [19]). The sensitivity of the LAT to these
models was evaluated as a function of the ratio
of inverse Compton to synchrotron power outputs
(Fig. 4). The LAT will be able to detect prompt
emission from tens of GRB per year, and some of
these detected bursts will have enough photons to
be suitable for spectral analysis.

Conclusion

GLAST is now fully integrated and the launch is
scheduled in late 2007. It has the unique capabi-
lities in observing GRBs from tens of keV up to
hundreds of GeV, providing a broad spectral cove-
rage and connecting the known part of the GRB
spectra to the previously unobserved high-energy
region. The phenomenological and physical ap-
proaches for GRB high-energy modelling, which
were used to estimate the LAT sensitivity, show
that a few to tens of well detected bursts are ex-
pected per year in the LAT energy range, where
many features can increase our understanding of
the phenomena. In GRBs, magnetic fields are sup-
posed to be very intense, and relativistic accele-
rated particles loose energy via synchrotron radia-
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Figure 3: Data (points with error bars) and folded
model (lines) for a simulated GRB with inverse
Compton component. Shown in red and black are
the GBM/NaI detectors, in green the GBM/BGO
detector and in blue the LAT.

tion. Due to the intense cooling, the high-energy
cut-off of the synchrotron spectrum is in the GeV
energy range. In addition, if inverse Compton
emission takes place, then GLAST will the first the
mission able to study it in detail.
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