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4Istituto Nazionale di Fisica Nucleare, Sezione di Bari, I-70126 Bari, Italy

5Department of Physics and SLAC National Accelerator Laboratory, Stanford University, Stanford, CA 94305, USA
E-mail: magaxe@kth.se

Abstract

The high-energy emission from gamma-ray bursts (GRBs) is a formidable probe of extreme physics, re-
quiring rapid variability from highly relativistic sources. Despite the advancements in our understanding of
GRBs, many fundamental questions regarding the particle acceleration and radiative processes associated
with these events remain unanswered. The Large Area Telescope (LAT) onboard the Fermi satellite has
been very successful in detecting the high-energy emission (> 100 MeV) from Gamma-Ray Bursts (GRBs).
Here we present the 186 detections found by a systematic search spanning 10 years of LAT observations.
This milestone marks a vast improvement from the 35 events contained in the first LAT GRB catalog
(covering the first 3 years of Fermi operations). We assess the characteristics of the GRB population at
high energy with unprecedented sensitivity, covering aspects such as temporal properties, energetics and
spectral index of the high-energy emission. Finally, we show how the LAT observations can be used to
inform theory, and discuss the prospects for VHE emission and the connection to gravitational waves.
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1. Introduction

The Fermi Gamma-Ray Space Telescope was placed in
orbit on June 11, 2008. Its two scientific instruments,
the Large Area Telescope (LAT; Atwood et al. 2009),
and the Gamma-Ray Burst Monitor (GBM; Meegan et
al. 2009), provide the combined capability of probing
emission from GRBs over seven decades in energy. The
LAT is a pair-production telescope sensitive to gamma
rays in the energy range from ∼ 30 MeV to more than
300 GeV, and has a field of view (FoV) of 2.4 sr at 1
GeV. The GBM is composed of twelve sodium iodide
(NaI) and two bismuth germanate (BGO) detectors sen-
sitive in the 8 keV–1 MeV and 250 keV–40 MeV energy
ranges, respectively. It observes the entire unocculted
sky. The combination of wide energy coverage, high sen-
sitivity and large FoV has made it possible to study the
broadband properties of gamma-ray bursts (GRBs) over
an unprecedented energy range.

A first catalog of GRBs detected by Fermi -LAT was
published in Ackermann et al. (2013). It comprises 35
GRBs detected during the period August 2008 through

July 2011. This proceedings describes the second Fermi -
LAT GRB catalog (2FLGC; Ajello et al. 2019), covering
the entire first 10 years of Fermi -LAT observations. The
focus will be on highlighting differences from the first
catalog; full details of the analysis and results are given
in Ajello et al. (2019).

2. Data and analysis

To results in the catalog are based on a dedicated search
algorithm, searching for detections on five separate time
windows following each trigger: 10, 100, 500, 4000 and
10000 seconds after the trigger time. The algorithm was
run on a total of 3044 triggers reported by other instru-
ments (GBM, Swift, IPN, INTEGRAL, AGILE) during
the 10-year period from 2008 August 4 to 2018 August
4. The majority of these triggers came from the GBM.
The data analysed includes both “standard” LAT data
above 100 MeV using the Pass8 event class (Atwood et
al. 2013) and the LAT Low Energy (LLE) technique in
the 30 MeV–1 GeV energy range. All events flagged by
the algorithm were confirmed by manual inspection, to



eliminate spurious detections such as flaring AGN, Earth
limb or solar flares.

For all GRBs where detection was confirmed, a stan-
dardized analysis was performed to determine key prop-
erties such as onset, duration, light curve, flux and spec-
tral index.

3. Results

The 2FLGC comprises a total of 186 GRBs, of which 17
are short GRBs and 169 are long GRBs. 17 GRBs are
seen only below 100 MeV (using the LLE technique), 74
are detected both below and above 100 MeV and 95 are
only detected above 100 MeV. This sample is thereby
much larger than that of the first catalog. The large in-
crease in detections can be attributed to the combination
of our improved detection algorithm and the increased
sensitivity granted by the Pass8 event class. Together,
this gives an increase of almost 60% when looking at the
period covered by the first catalog (Vianello et al. 2015).

In many aspects, the 2FLGC strengthens the findings
of the first catalog. The rest of this section will be aimed
at exemplifying new results.

3.1. High-energy emission also from fainter GRBs

The first LAT GRB catalog found that emission in the
LAT energy range was seen in GRBs which showed high
flux and fluence in the GBM. However, the development
of better detection algorithms and the increase in sen-
sitivity seen with Pass8 reveals that GRBs where high-
energy emission is detected span a much wider range of
flux and fluence. Fig. 1 shows the flux and fluence of all
GBM-detected GRBs, with LAT-detected bursts high-
lighted. As shown by the figure, the LAT GRBs cover
a large range in both flux and fluence for both long and
short GRBs. This indicates that high-energy emission is
likely a common feature of GRBs, and the detections are
mainly limited by instrumental capabilities.

3.2. Intrinsic properties

In the 2FLGC, there are 34 GRBs with estimated red-
shift. While still a relatively small number, these GRBs
give us a chance to study properties directly in the source
frame.

Figure 2 shows the isotropic radiated energy (1 keV–
10 MeV) as a function of redshift for all GRBs with es-
timated redshift seen by the LAT, GBM and Swift. The
figure shows that the LAT samples the same distribution
as the lower-energy instruments, with a possible excep-
tion of the highest redshift. However, it is also clear that
the GRBs seen by the LAT come from the intrinsically
brighter population. This is in some sense natural, as
these events have a higher energy budget.

Fig. 1. The GBM peak photon flux (10–1000 keV), as measured on

a 1024 ms timescale, versus the energy fluence (10–1000 keV)

derived using a spectral model fit to a single spectrum over the

entire duration of the burst. From Ajello et al. (2019).

3.3. The highest energy photons

The highest-energy photon seen by the LAT from a GRB
is a 94.1 GeV photon associated with GRB 130427A
(Ackermann et al. 2014). With the recent detection
of very high energy (VHE) events both in the prompt
(MAGIC Collaboration et al. 2019) and afterglow (Ab-
dalla et al. 2019) phases, it is clear that GRBs have the
potential to produce emission also above 100 GeV. It
therefore seems to be only a matter of time (and per-
haps luck) before the current record is surpassed.

Figure 3 shows the distribution of the highest-energy
photon associated with each GRB in the 2FLGC above
selected energy thresholds (250 MeV, 500 MeV, 1 GeV,
5 GeV, 10 GeV, 50 GeV). A sharp drop from ∼ 70%
to ∼ 30% is seen at 5 GeV. Only 2% (three GRBs) are
detected with emission above 50 GeV.

The dashed line in the figure shows the correspond-
ing distribution for rest-frame energies using the GRBs
with estimated redshift. This distribution shows a more
gradual decrease with energy: almost 80% of the in-
cluded GRBs have a maximum source-frame photon en-
ergy above 5 GeV, and around 12% (4 GRBs) reach
above 100GeV. The highest source-frame energy is a 147
GeV photon from GRB 080916C, at a redshift of 4.35
(Atwood et al. 2013b). Figure 3 also includes a linear
fit to the bin centers of the source-frame distribution.
The fit is remarkably good, showing that the fraction
of GRBs decreases as A×log(E/1 MeV)+B, where A =
−49 ± 4 and B = 266 ± 21.

4. LAT searches for GW counterparts

The large number of gravitational wave (GW) events re-
ported by the LIGO/Virgo collaboration has shown the



Fig. 2. Isotropic radiated energy (1 keV–10 MeV) vs. redshift.

Blue/red circles indicate the LAT long/short GRBs, black and

grey circles indicate GBM/Swift-BAT GRBs, with short bursts

marked by empty symbols. From Ajello et al. (2019).

need for a dedicated pipeline to search for high-energy
counterparts for a larger class of transient events than
just GRBs. The pipeline developed for the 2FLGC has
formed the baseline for these searches. In addition, ded-
icated searches have been developed to cover various
time intervals around the GW triggers (Vianello et al.
(2017). A particular challenge is the large area given
by the LIGO probability map (several hundred square
degrees), much larger than for a typical GRB. Neverthe-
less, the case of GW 170817/GRB 170817A shows that
GRB counterparts can be identified and the Fermi -LAT
collaboration has developed routines to follow up all GW
alerts.

5. Conclusion

The 2FLGC represents an initial step in understanding
the processes behind high-energy emission from gamma-
ray bursts. The large sample will also allow more com-
plete analysis of the detectability of MeV emission from
GRBs as well as detailed comparison between the energy
output in the LAT range during the prompt vs afterglow
phases.

The past few years have truly shown the strength of
Fermi observations, and its importance will continue for
many years to come. This is especially true as the era of
multi-messenger studies of GRBs has just begun.
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