Follow-up of Gravitational Wave Events with the
Fermi-LAT. Status and Prospects for the Future
Nicola Omodei∗†

Giacomo Vianello
W. W. Hansen Experimental Physics Laboratory, Kavli Institute for Particle Astrophysics and
Cosmology, Department of Physics and SLAC National Accelerator Laboratory, Stanford
University, Stanford, CA 94305, USA

Daniel Kocevski
Astrophysics Office, ST12, NASA/Marshall Space Flight Center, Huntsville, AL 35812, USA

Sara Buson
NASA Goddard Space Flight Center, Greenbelt, MD 20771, USA

Niccolò Di Lalla
Università di Pisa and Istituto Nazionale di Fisica Nucleare, Sezione di Pisa I-56127 Pisa, Italy
As the first detections of Gravitational Waves (GW) from the coalescence of compact objects were
announced by LIGO and Virgo, a new era for astronomy began. Searches for electromagnetic
(EM) counterparts of GW events are of fundamental importance, as their success will increase
the confidence in the GW detection and will help characterize the system parameters. The Fermi
Gamma-ray Space Telescope is the most capable observatory to simultaneously observe a large
fraction of the sky from 10 keV to more than 300 GeV, providing the unique capability of rapidly
covering the entire probability region from a LIGO candidate. In this paper, we will present the
strategy for follow-up observations of GW events with the Fermi Large Area Telescope (LAT),
focusing on the results from the first science runs O1/O2. We will also discuss the prospects
for detections of GW in coincidence with a gamma-ray signal from the Fermi Gamma-ray Burst
Monitor (GBM) and the LAT, likely from a short Gamma-Ray Burst (sGRB) arising from the
merger of two neutron stars.
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1. A new era

2. Fermi LAT observation of GW 170817
The GW 170817 event was in an unlucky position for the Fermi-LAT, as the satellite was
entering the SAA at the time of the LIGO/Virgo trigger (tGW = 2017-08-17 12:41:04.444 UTC).
During SAA passages the LAT and the GBM do not collect data due to the high charged particle
background in this region. Because of the higher susceptibility of the LAT to the charged particles
in this region, the SAA boundary employed by the LAT encompasses a ∼14% larger area than the
boundary used by the GBM, resulting in slightly different times at which the two instruments do
not collect data. GBM triggered on GRB170817A at tEM = 2017-08-17 12:41:06.475 UTC. The
LAT data taking was switched off approximately one minute before tEM while the GBM switched
off approximately two minutes after tEM . The LAT resumed data taking upon exiting the SAA at
tGW + 1153 s. At that time, the entire 90% credible region of the LALInference map was within
the LAT FoV and the region subsequently exited at tGW + 2027 s. At the position of the optical
counterpart (17; 18) the value for the flux upper bound over this interval and in the 0.1–1 GeV
energy range is 4.5×10−10 erg cm−2 s−1 (95% confidence level).
1 https://fermi.gsfc.nasa.gov/cgi-bin/ssc/LAT/LATDataQuery.cgi
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The detection of gravitational waves (GWs) has opened a new window to the cosmos and
paved the way to a new era of multi-messenger astronomy. The first detected signals by Advanced
Laser Interferometer Gravitational-Wave Observatory (LIGO) (1), GW 150914 and GW 151226 (2;
3; 4; 5) are compatible with the coalescence of high-mass binary black holes (BBHs). The detection of a third BBH merger, GW 170104 (6) adds to the growing sample BBH merger events.
The first detection of a binary neutron star system, GW 170817 (7) followed by the detection of
a short GRB (SGRB) by the Fermi Gamma-ray Burst Monitor (GBM) (8; 9) and by INTEGRAL
SPI-ACS (10; 11) was the confirmation of the long suspected connection between SGRBs and
compact binary coalescence. The Fermi Large Area Telescope (LAT, 12) has a lower detection
rate with respect to the GBM, but can provide 0.2–0.3◦ localizations. In the case of a detection of
an electromagnetic (EM) counterpart, the LAT could substantially reduce the localization uncertainty, facilitating follow-up at other wavelengths. The two instruments on-board the Fermi satellite are complementary and uniquely capable of providing all-sky observations from hard X-rays to
high-energy gamma rays in normal survey operations. Together, they cover the entire localization
probability maps of gravitational wave events within hours (∼6) of their detections. Our searching
strategy relies on automated processing of the data, which is very important to rapidly alert the
community in case of a detection with the goal of providing reliable and accurate localization of
the EM counterpart and narrow down the searching radius. To this end, we set up pipelines that
automatically download the data from the Fermi-LAT dataserver1 , downsample the LIGO/Virgo
credibility map to roughly match the LAT Point Spread Function (∼ 4◦ at 100 MeV), and compute
unbinned likelihood analysis in each pixel. Details of this technique are described in Vianello et
al., 2017 (13) while the results on GW 150914, GW 151226 and LV 151012, and GW 170104 are
presented in (14; 15; 16) respectively.
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3. Looking ahead
We characterize here the sensitivity of the LAT to SGRBs in general. As we describe in detail
in (27), we simulate a transient point source with a spectrum dN/dE ∝ E −2 , fading rapidly as
∝ T −1 (28), and vary the integrated flux until 50% of the realizations of the simulated source are
detected above 5σ . The starting time of a GRB observation is critical: we can detect fainter SGRBs
the earlier we start observing. In Fig. 2 we show how the sensitivity of the LAT for sources at midGalactic latitudes changes for five different starting times. The first four shaded regions are for
observations with a duration of 100 s, starting respectively at T0 , T0 + 2 s, T0 + 10 s, T0 + 100 s,
while the last is between T0 + 1153 s and T0 + 2027 s after the trigger time as for GRB 170817A.
For reference we also report the measurements for other SGRBs detected by the LAT, as well as
the upper bound for GRB 170817A in the 100 MeV–100 GeV energy range. Among the sample
of SGRBs detected by the LAT, we note that the fluences of GRB 081024B and GRB 140402A
measured by the GBM in the 10 keV–1 MeV energy band are similar to the one of GRB 170817A.
GRB 090510 is the brightest SGRB detected by the LAT so far and resulted in the detection of both
its prompt and extended emission. The much dimmer GRB 130804A, on the other hand, was in the
2
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Considering the proximity of the source (42.9±3.2
Mpc)(19) this value corresponds to an equivalent
isotropic luminosity of approximately 9.7 × 1043 erg
s−1 , which being so low compared to other Fermi-LAT
detected GRBs with known redshift, is extremely constraining (Fig. 1). We can rule out with high confidence a late-time emission of GRB170817A as luminous as other Fermi-LAT bursts. For typical on axis
GRBs, the afterglow is coincident with the end of the
prompt emission (20; 21), while for off-axis jets, the
onset of the afterglows is predicted to be of the order
of few days up to 100 days (22; 23). As reported in
(24) and (25), an X-ray source positionally coincident
with the optical transient was detected at ∼ 9 days after the GW event, followed by a radio source detection
(26) suggesting the detection of an afterglow from a
possible off-axis jet (18). We monitored the source by
performing a likelihood analysis in every interval of
Figure 1: Comparison of the luminosity
time after the trigger when the source was in the LAT
upper bound of GRB 170817A (green arfield of view. In a time period spanning from tEM -1
row) with other three LAT-detected GRBs
day to tEM +45 days the values of the flux upper bound
with known redshift.
range between 9.7×10−11 to 3.7×10−8 erg cm−2 s−1
corresponding to a luminosity range of 2.1×1043 to 8.1×1045 erg s−1 (0.1–1 GeV). Integrating the
data on the life time of the mission (9 years), we also obtain a flux upper bound of F<1.32×10−12
erg cm−2 s−1 or L<8.1×1041 erg s−1 (0.1–1 GeV).
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4. Conclusions
A new era for Multi Messenger Astronomy has officially begun with the discovery of a gravitation wave signal and an Electromagnetic signal originating from the same astronomical source. The
discovery of GW 170817/GRB 170817A strongly supports the conjectured association of SGRBs
with merging neutron stars. Fermi-LAT was already switched off due to SAA encounter at the
time of the GW/GBM trigger, therefore it is only possible to set upper bounds at approximately
1000 seconds after the trigger, when the location of the source entered the LAT FoV. Due to the
proximity of the source, the upper bound is very constraining, ruling out long-lasting emission of
3
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field of view at the time of the trigger, but was only detected by the LAT at T0 ∼ 200 s, constituting
an example of delayed high-energy emission.
The statistics are limited, but we can
T0
GRB090924
conclude that the LAT needs to start ob10 4
2 - 102 s
GRB110728
10 - 110 s
GRB120728B
serving a source within 100–200 s to have
100 - 200 s
GRB120915
5
1153
2027
s
GRB130804A
10
a chance at detecting bursts as luminous as
GRB081024B
GRB140402A
GRB081102B
GRB141113
the brightest of the LAT-detected SGRBs.
GRB090228A
GRB170817A
GRB090510
10 6
The LAT detection efficiency for short GRBs
(SGRBs) decreases significantly after 100–
10 7
200 s. The Fermi-GBM observes ∼65%
of the sky, with the rest being occulted by
10 8
the Earth. In survey strategy, the LAT ob10 9
serves ∼35% of SGRBs detected by the
GBM within ∼100 s of the trigger, which
10
10 10
1
100
102
103
101
104
translates in ∼ 23% of the full-sky SGRB
T-T0 [s]
population being observed (either detected
or not) within 100 s from their GBM trigFigure 2: Light curves of the LAT-detected SGRBs.
ger. The LAT detects ∼5% of all GBMWe highlight GRB 081024B (magenta squares),
detected SGRBs. If we assume the LAT will
GRB 140402A (green triangles) GRB 130804 (gray
cross), GRB 090510 (blue circles) and the fluence uphave the same efficiency for GRB/GW trigper bound of GRB 170817A at the time of the first
gers and a rate of joint GBM/GW events of
LAT observation (red circle). The shaded boxes repre1 (2) per year, we obtain at most a ∼5%
sent the sensitivity to simulated sources detected with
(∼10%) probability of detecting one or more
TS>25, 50% of the time for observations starting at
GRB/GW with the LAT in one year, respecdifferent times (see legend). The sensitivity curve
tively. Currently the Fermi spacecraft aufor an observation between 1153 and 2027 s, as for
tonomously slews to bring GRBs within the
GRB 170817A is also extrapolated back in time acLAT field of view only when the GBM decording to a T −1 decay law (dashed gray line).
tects bursts of exceptionally high-peak flux.
A modification of this strategy to repoint to lower-fluence SGRBs would provide increased exposure to dimmer events like GRB 170817A and increase the chances of detecting long-lived afterglow emission from such sources. Simulations have shown that this would allow the LAT to observe
35% of SGRBs within 100 s, enhancing the probability of detecting one or more GRB/GW events
per year to ∼7% (∼13%) for a GBM/GW rate of 1 (2) per year.
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