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Abstract

The detection of very–high energy (VHE, > 100 GeV) emission from Gamma–Ray Bursts (GRBs) has
proven elusive to the observation efforts of past and current Imaging Atmospheric Cherenkov Telescopes
(IACTs). Here we report on the observations of the extremely bright and rather nearby GRB 180720B by
the High Energy Stereoscopic System (H.E.S.S.), leading to its detection in gamma–rays in the 100−440
GeV energy range. This detection was achieved over 10 hours after the end of the prompt gamma–ray
emission phase, which was seen by Swift–BAT, Fermi–GBM and LAT. We will present the VHE late–time
detection in the context of other X–ray and optical observations, discussing possible scenarios for the
radiation mechanisms at work. Finally, we will stress how this VHE detection is crucial for future IACT
facilities, leading to a considerable revision of their GRB–detection rate estimate.
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1. Introduction

In recent years, the GRB community experienced a ma-
jor breakthrough in the study of these extremely ener-
getic sources with the first-ever detections of VHE emis-
sion from nearby (z < 1) bursts by the current generation
of IACTs. Here, we will discuss the detection of VHE
gamma-rays from GRB 180720B by the H.E.S.S. exper-
iment, which represents the first evidence of GRB late-
time emission ever measured by Cherenkov telescopes.
The H.E.S.S. Telescope array is located in Namibia and
consists of four 12-m Cherenkov telescopes operational
since 2003, surrounding a fifth much larger 28-m tele-
scope (CT5), operational since 2012 and extending the
energy coverage towards lower energies. H.E.S.S. can re-
act to GRB alerts following fully automatic procedures.
The CT5 telescope benefits optimized repointing and
data taking procedures. Typically, H.E.S.S. follows up

∼10 GRBs per year, with a characteristic exposure time
of ∼ 2 hours. For special cases, this time is extended to
∼ 20 hours per GRB follow-up.

2. Observations

On July 20, 2018, at 14:21:39.65 UT, the Fermi Gamma-
Ray Burst Monitor (GBM) triggered on and localized
the bright burst GRB 180720B (Roberts et al. 2018). 5
s later, at 14:21:44 UT, the Swift Burst Alert Telescope
(BAT) triggered and located the same event (Siegel et
al. 2018). The Swift X-Ray Telescope (XRT) followed it
up and detected its bright afterglow after less than 90
s, which then lasted for more than 30 days, making it
the second brightest XRT GRB ever detected after the
exceptional GRB 130427A in terms of energy flux in the
0.3–10 keV energy range. The GRB prompt emission
detected by GBM (8 keV–40 MeV) was also extremely



Fig. 1. Significance maps of GRB 180720B field, as observed by H.E.S.S. Panel a (left): Observation made at T0 + 10.1 hours for 2 hours.

Panel b (right): The same region of the sky, as observed during consecutive nights between T0 + 18.4 days and T0 + 24.4 days. The red

cross indicates the position reported by the optical telescope ISON-Castelgrande (Schmalz et al. 2018). From Abdalla et al. (2019).

strong, making it the seventh brightest burst among the
∼2700 GBM GRBs. The duration measured by GBM
(50–300 keV) is ∼50 s, while the isotropic energy release
computed in the same energy range is Eiso ∼ 6×1053 erg.
At the GBM trigger time (T0), the burst was at an angle
from the Fermi-LAT boresight of 50o and was detected in
the high-energy range (100 MeV–100 GeV) between T0
and T0 +700 s with a maximum photon energy of 5 GeV
at T0 + 142 s (Bissaldi & Racusin 2018). Unfortunately,
the GRB rapidly moved out of the LAT FoV, and no
further LAT detection was reported beyond T0 + 700
s. Moreover, Multiple follow-up observations by optical
telescopes were quickly performed, resulting in a redshift
measurement of z = 0.653 (Vreeswijk et al. 2018).

H.E.S.S performed follow-up observations of GRB
180720B based on GCN alerts. Since the burst hap-
pened during day-time in Namibia, the GRB position
only became observable at later times. Such observa-
tions are usually scheduled manually and triggered by
burst advocates. Therefore, GRB 180720B was observed
at T0+10.1 hours, for a total exposure of 2 hours. A sec-
ond verification dataset was then taken when the GRB
location came back in the H.E.S.S. FoV, i.e. T0 + 18
days, for a total exposure of 6.75 hours. All observations
were carried out in monoscopic mode with the CT5 tele-
scope only, taking advantage of the low energy threshold.
The data were analysed using methods optimized for the
detection of the lowest-energy events. The first dataset
revealed the presence of a new gamma-ray source with
an excess of 119 gamma-ray events and a statistical sig-
nificance of 5.3σ (5.0σ post-trial). The source is shown

in panel a of Figure 1. The second late dataset was also
analyzed in order to confidently rule out the association
of this source with an unknown steady gamma-ray emit-
ter, e.g. an AGN, or persistent systematic effects. The
resulting sky map is consistent with background events,
as can be seen in the panel b of Figure 1.

3. The multi-wavelength context

Figure 2 displays the VHE flux measured by H.E.S.S. to-
gether with many other measurements at different wave-
lengths. It can be seen that the flux level is exception-
ally high. The light curves show a typical power-law
behaviour in the X-ray (grey points) and optical (pur-
ple points) afterglow with a temporal flux decay of the
form F (t) ∝ t−α. The power-law indices in these en-
ergy bands are very similar, with αXRT = 1.29 ± 0.01
and αopt = 1.24 ± 0.02. The temporal decay index of
the Fermi-LAT lightcurve (blue points) in the 100 MeV–
10 GeV energy band calculated in the time interval from
T0+55 s to T0+700 s is steeper, with αLAT = 1.83±0.25.
This value is 1σ away from the mean value of the dis-
tribution of the decay indices of long GRBs detected by
Fermi-LAT (Ajello et al. 2019) and such deviation could
largely depend on the time range in which αLAT is fitted,
potentially in agreement with the indices in the X-ray
and optical bands.

Two radiation processes are the most plausible dom-
inant contributions to the VHE spectrum, i.e. syn-
chrotron emission in the local magnetic field and syn-
chrotron self-Compton (SSC) scattering. These emis-
sion origin scenarios place distinctly different demands



Fig. 2. Energy-flux light curve detected by different instruments: Fermi-GBM (band fit; green), Fermi-LAT (power law; blue), H.E.S.S.

(power-law intrinsic; red) and the optical r-band (purple). The Swift-BAT spectra (15 keV–150 keV) are extrapolated to the XRT band

(0.3–10 keV) to produce a combined light curve (grey) and an upper limit (95% confidence level) for the second H.E.S.S. observation

window (power-law intrinsic, red arrow). The black dashed line indicates a temporal decay with α = -1.2. The bottom panel shows the

photon index of the Fermi-LAT, Swift and H.E.S.S. spectra. Error bars correspond to 1σ. From Abdalla et al. (2019).

on the source acceleration efficiency. The SSC origin
requires electrons with only multi-GeV energies, while
a synchrotron origin requires a much more extreme ac-
celerator. Moreover, the SSC predicts the presence of
two bumps in the spectral-energy distribution with their
height ratio depending on the energy densities of both
the electrons and the magnetic field, whereas a syn-
chrotron model implies only a broad single component.
While the synchrotron scenario could explain the sim-
ilarity in the photon index and level of energy flux of
the emission seen both at early times by Fermi-LAT and
Swift-XRT and at late times by H.E.S.S. and Swift-XRT,
there are strong requirements for this type of emission to
extend up to the VHE regime, disfavouring such origin.
The SSC scenario instead has the advantage that the
emission up to VHE at late times is energetically much
more easily achievable, leading to the expectation of a
new spectral component at VHE.

The late-time VHE emission discovery in GRB
180720B opens a key channel to the understanding of
the GRB afterglow phenomena and proves to be comple-
mentary to the latest VHE detection made by H.E.S.S. of
GRB 190829A (de Naurois et al. 2019) and the prompt-
to-early afterglow emission measured in GRB 190114C
by MAGIC (Acciari et al. 2019), providing insight into
the nature of GRBs.
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