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Abstract: Fast Radio Bursts (FRBs) are highly energetic, extremely short-lived bursts
of radio flashes. Despite extensive research, the exact cause of these outbursts remains
speculative. The high luminosity, short duration, and high dispersion measure of these events
suggest they result from extreme, high-energy extragalactic sources, such as highly magnetized
and rapidly spinning neutron stars known as magnetars. The number of detected FRBs,
including repeating ones, has grown rapidly in recent years. Except for FRB 20200428D,
and FRB-like radio burst that is associated to Galactic magnetar SGR 1935+2154, no multi-
wavelength counterpart to any FRB has been detected yet. The High Energy Stereoscopic
System (H.E.S.S.) telescope has developed a program to follow up FRBs searching for their
gamma-ray counterparts, helping to uncover the nature of FRBs and FRB sources. This
paper provides an overview of the searches for FRB sources conducted by H.E.S.S., including
follow-up observations and simultaneous multi-wavelength campaigns with radio and X-ray
observatories. Among the FRB sources observed by H.E.S.S., nine are localized with redshifts
ranging between 0.11 and 0.492 from 2015 to 2022. No significant very high energy (VHE)
emission was detected during these observations. We report constraints on the VHE luminosity
ranging from 1044 erg s−1 and 1048 erg s−1, placing limits on the FRB’s region persistent VHE
emission and potential FRB afterglow emission across timescales from hours to years.
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1 Introduction

Fast radio bursts (FRBs) are discovered transient phenomena characterized by the sudden
appearance of bright and short-duration radio pulses in the sky [1–3]. These bursts exhibit
a broad range of luminosity distances, ranging from 3.6 Mpc [4–6] to ∼7 Gpc [7], and have
short durations, typically spanning from tens of nanoseconds [8–10] to milliseconds with few
events of duration exceeding a second [11]. Their luminosities vary between 1038 [5, 9] and
1046 erg s−1 [12]. They were serendipitously discovered with the Parkes Radio Telescope [1, 13]
and are now routinely detected by various radio facilities, such as CHIME [14]. Over a
thousand radio bursts from approximately 700 published FRB sources have been reported [see
e.g. FRB catalogs 11, 15].

Some FRB sources exhibit recurring bursts. Among the currently known sample, approx-
imately ∼ 2 − 3% FRBs has been observed to repeat [16], leaving the question of whether
all FRBs exhibit this behaviour open [e.g. 17]. The distinction between repeating and
non-repeating sources and the underlying physical differences between them remain unclear.
Sources of repeating FRBs have been documented emitting across a wide frequency spectrum,
ranging from 110 MHz [18] to as high as 8 GHz [19]. Several sources of repeating FRBs
exhibit a regular pattern in their activity cycles. An example is the source of FRB 20180916,
as reported in [20], and of the initial repeater, FRB 20121102, where a periodicity with a
significance of ∼ 3σ was noted [21, 22]. More recently, in addition to accounting for the
multiple components within individual bursts, a compelling periodicity of 216.8 ms, with
a significance of 6.5σ, was detected in the pulse profile of FRB 20191221A. Such a brief,
distinct periodicity strongly supports the idea of a neutron star origin for this event [23].
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In order to measure the distance to FRBs, the dispersion measure (DM), which tracks free
electrons along the line of sight, and more recent methods such as repeat pulse observations
or interferometric techniques [e.g. 24, 25] are used. FRBs are generally thought to originate
beyond our Galaxy. Optical observations of well-localized FRBs have identified 24 FRBs
securely associated with host galaxies, with redshift values from z = 0.03 to 1.02 [7, 26]. Due
to their extragalactic origin, attenuation of their spectra at high energy is expected from
photon-photon absorption in the extragalactic background light (EBL) [27, 28]. Although
most FRBs are extragalactic, an FRB-like radio burst has been detected within our Galaxy
and will be discussed specifically (see section 3.3).

Numerous theoretical models have been proposed for FRBs [29], yet the enigma sur-
rounding their origin and emission mechanism remains unsolved (e.g. [30–32]). Compact
objects, such as magnetars (strongly magnetized neutron stars) and massive black holes,
have gained favor as progenitor models, primarily due to the short-lived nature of FRBs [3].
Some magnetars may produce FRBs throughout the interplay of intensely magnetized pulses
and the surrounding material, thereby giving rise to synchrotron maser emission that can
extend to TeV energies [33]. Alternatively, other models propose that repeating FRBs stem
from regions near the surface of magnetars, where ultra-relativistic internal shocks and blast
waves become associated with flares [34].

The study of the electromagnetic emission of FRBs across different wavelengths is crucial
for unraveling their nature. It allows us to understand source characteristics, explore the
surrounding environment, refine emission mechanisms, search for associated phenomena,
and explore cosmological and fundamental physics. Multiwavelength counterparts to FRBs
have remained elusive, with the notable exception of the soft gamma repeater (SGR) SGR
1935+2145 (discussed in detail in section 3.3), where the detection of an X-ray counterpart is
the first evidence that magnetars are linked to sources of repeating FRBs and that non-thermal
processes might be behind FRB emission [35–37]).

The High Energy Stereoscopic System (H.E.S.S.) telescope array, located in the Southern
Hemisphere, plays a crucial role in this research by being the only instrument capable of
observing transient events in the very high-energy (VHE) gamma-ray band in the southern
sky. Since 2015, H.E.S.S. has been actively engaged in a comprehensive FRB programme,
with the aim of investigating potential correlations between these events and VHE gamma-ray
emission. This programme employs two primary strategies: Target of Opportunity (ToO)
alerts triggered by radio or X-ray observatories, and coordinated multi-wavelength campaigns.
In the first approach, the objective is to detect afterglows associated with FRBs and to
identify their emission in VHE gamma rays. This involves promptly responding to ToO alerts
from radio or X-ray observatories, enabling H.E.S.S. to capture and study any potential
gamma-ray emission that may follow the FRB events. In the second approach, the focus of the
multi-wavelength observations is on observing known FRB sources, whether repeating or not,
to study their host environments, and on capturing FRBs simultaneously with radio facilities.
Coordinated multi-wavelength campaigns are designed to systematically observe and analyze
the activity of these sources. By collecting data across different wavelengths simultaneously,
these campaigns aim to uncover any recurring patterns or behaviours associated with the
FRB sources. In this paper, after introducing HESS in section 2, we provide an overview
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of the searches for 12 FRB sources conducted by H.E.S.S. since 2015, including follow-up
observations (section 3) and simultaneous multi-wavelength campaigns (section 4) with radio
and X-ray observatories [38].

2 The High Energy Stereoscopic System

Situated in the Khomas Highland in Namibia at an altitude of 1835 m, H.E.S.S. is an array
consisting of five imaging atmospheric Cherenkov telescopes (IACTs) [39]. Its main goal is to
detect VHE gamma rays spanning energies from a few tens of GeV to 100 TeV. In comparison,
MAGIC [40], with its lower energy threshold (30 GeV), is particularly suited for detecting
soft-spectrum sources, while VERITAS [41], with a sensitivity similar to H.E.S.S., provides
complementary coverage in the Northern Hemisphere.

The H.E.S.S. array is comprised of two distinct types of telescopes. Telescopes CT1-4
have a field of view (FoV) with a diameter of 5◦ and a mirror area of 107 m2. They are
arranged in a square formation with side lengths of 120 m. In contrast, a larger telescope,
CT5, with a mirror area of 614 m2 and a camera FoV of 3.4◦ diameter, is positioned at the
centre of the array. CT1-4 are dedicated to detecting gamma rays with energies ≳ 100 GeV,
while CT5 is optimized for gamma rays with energies ≳ 30 GeV [42].

For transient phenomena occurring on hour timescales, H.E.S.S. exhibits more than 20
times greater energy flux sensitivity in its core energy range above 300 GeV compared to
the space-based Fermi Large Area Telescope (LAT) at 1 GeV energies [43]. There are two
main instrumental effects that limit H.E.S.S.’s observations: the duty cycle and the minimum
detectable energy. H.E.S.S. is operational on nights with clear skies with a moon phase below
40%, which results in a duty cycle ranging between 10% and 15% depending on weather. A
higher duty cycle allows one to increase the chances of observations when an alert is received.
The minimum detectable energy depends primarily on the mirror size and the zenith angle
of observations, with higher zenith angles leading to higher energy thresholds. CT5 and its
data acquisition system have been fine-tuned for swift repositioning to capture short-lived
transients that are expected to rapidly decrease in gamma-ray intensity [44, 45]. The lower
energy threshold of CT5 is crucial for studying transients of extragalactic origin, as the
highest energy emissions from these sources are often absorbed by the EBL (which increases
with redshift and energy [27, 28]), leading us to focus on the lower end of the VHE spectrum.

In the following sections, we describe the two approaches of the H.E.S.S. FRB programme
and the related observations. The data described here were processed using the likelihood
reconstruction method described in [46]. This method employs standard techniques for
gamma-hadron separation and event selection cuts. Background estimation is carried out
using the well-established “reflected background” technique [47], and the results are cross-
validated through an independent event calibration and reconstruction method [48]. For the
fluxes or flux limits calculations, the minimum energy is chosen as the energy where the
effective area reaches 10% of its maximum value, while the maximum energy is chosen when
the number of background events NOFF per energy bin falls under 10. The upper limits are
calculated using the Rolke method [49] assuming an E−2 energy spectrum unless specified
otherwise. The flux integral upper limit represents the upper bound on the gamma-ray flux
above a given energy threshold. It is obtained by integrating the differential flux between the
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minimum and maximum energies defined above, under the assumption of an E−2 spectral
shape. This assumption comes from the fact that FRBs are extragalactic phenomena and
that there is no knowledge of their exact spectral distribution.

3 ToO follow-up observations

The first strategy in the H.E.S.S. FRB programme is to conduct automatic follow-up observa-
tions of FRBs received as external alerts. H.E.S.S.’s ToO alert system receives transient alerts
from the Parkes [50] and the UTMOST radio telescopes [51] and applies a set of pre-defined
criteria to determine when and how to schedule follow-up observations. The criteria are
set to maximize science cases defined by the H.E.S.S. transients programme [38]; for FRB
alerts, the system is configured to react to both prompt and afterglow triggers. Since 2015,
H.E.S.S. has been involved in the follow-ups of three FRBs (see section 3.1 and 3.2) and
two magnetars (see section 3.3).

3.1 Parkes follow-ups: FRB 20150418A and FRB 20150215

A first follow-up campaign of FRBs in VHE gamma rays was conducted by H.E.S.S. in
response to the detection of FRB 20150215 and FRB 20150418A by SUPERB (SUrvey for
Pulsars and Extragalactic Radio Bursts) [52]. The results of these observations have already
been published in [53] and [54], respectively. SUPERB is a pulsar and fast transient survey
which utilizes the 64-m Parkes telescope [50]. Since April 2014, the SUPERB project has
been dedicated to real-time discovery of FRBs and pulsars [50].

On February 15, 2015, Parkes detected a burst from FRB 20150215A, at a Galactic
longitude and latitude of 24.66◦, 5.28◦ and 25◦ away from the Galactic Centre (redshift
z < 0.56), with a DM of 1105.6 ± 0.8 pc cm−3 and a pulse duration of 2.8+1.2

−0.5 ms, [53].
This burst was promptly detected in radio with recorded polarization and multi-wavelength
follow-up, including observations with H.E.S.S. Owing to observational constraints, H.E.S.S.
could only observe the target region one week after the burst. Observations were taken
with zenith angles ranging between 54 and 64 degrees under good conditions. The first
observation run of 28 minutes commenced on 2015-02-22 at 02:53 UTC, 6.3 days after
the Parkes detection and a second observation was conducted on 2015-02-25 starting at
02:49 UTC, 9.3 days after the burst. No gamma-ray emission was detected during both
observations. The resulting energy flux integral upper limits at 99% confidence level (C.L.)
were Φγ(E > 1 TeV) < 6.38 × 10−14 erg cm−2 s−1, assuming an E−2 energy spectrum [53].

In the same year, SUPERB detected a second FRB. The burst FRB 20150418A was
initially observed at Parkes on April 18, 2015. The fading radio afterglow persisted for up to six
days and was associated with an elliptical host galaxy at z = 0.492±0.008 (WISE J071634.59-
190039.2) [54]. H.E.S.S. received notification of FRB 20150418A from the SUPERB team on
2015-04-18 during the daytime, hindering immediate follow-up observations. The required
observation conditions were met later that evening at 17:55 UTC (approximately 14.5 hours
after the FRB), and 1.4 hours of data were recorded until the source set below an elevation
of 45◦, the typical horizon for observations retaining a relatively low energy threshold. Since
the obtained results were fully consistent with the background expectation, we concluded
that no significant gamma-ray afterglow was detected from the direction of FRB 20150418A.
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Consequently, the 99% C.L. upper limits using the Feldman Cousin method [55] was obtained,
assuming a generic E−2 energy spectrum for the potential emission, and integrating above
the threshold of 350 GeV. This resulted in the integral upper limit on the gamma-ray flux
of Φγ(E > 350GeV) < 1.33 × 10−12 cm−2 s−1 [54].

3.2 UTMOST follow-up: FRB 20190806A

UTMOST is the first project to issue alerts upon detecting an FRB [51, 57]. To minimize
follow-up latency, H.E.S.S. implemented an automatic response to these alerts. Since similar
portions of the sky are visible to UTMOST in Australia and H.E.S.S. in Namibia, the goal
is to investigate the earliest afterglow phase possible. For H.E.S.S., the filtering criteria
applied to alerts from UTMOST include the signal-to-noise ratio (S/N), the importance
and the dispersion measure (DM):

• The FRB S/N should be higher than 10;

• The importance parameter should be equal to 1. This indicates if the alert has been
vetted by a human;

• The DM should be DM < 1000 pc cm−3. This is due to the fact that high DM values
generally suggest large source distances. Although this is not necessarily the case for
every event, we chose to include this filtering to avoid follow-ups of high-redshift FRBs
where H.E.S.S. has no realistic chance of detecting VHE gamma-ray emission due to
severe EBL absorption.

Moreover, to conduct FRB follow-ups, observation conditions, such as darkness and visibility,
should be suitable within a few hours after the alert (typically up to six hours).

On August 6, 2019, H.E.S.S. received the first alert from UTMOST, FRB 20190806A, that
passed all filtering criteria described above. FRB 20190816 was detected at 17:07:58.0 UTC
with DM = 388.5 pc cm−3 and the inferred redshift is z < 0.32 [58]. The H.E.S.S. Transients
system [38] automatically scheduled follow-up observations of FRB 20190806A that started
4.5 hours later and lasted 2 hours with the CT1-4 telescopes (CT5 was undergoing a camera
upgrade at the time and could not participate). No significant emission of VHE gamma rays
was detected (figure 1), but flux integral upper limits were derived (figure 2). Figure 2 shows
the flux integral upper limits as a function of the time difference between the gamma-ray
observation and the radio burst detection. This observation was the first successful automatic
H.E.S.S. follow-up of an FRB, including alert reception, filtering, scheduling, observations,
data transfer, and analysis.

3.3 Magnetar observations

The H.E.S.S. search for VHE counterparts of FRBs extends to magnetars due to their potential
as primary candidate progenitors of FRBs. The goal of magnetar observation campaigns with
H.E.S.S. is to search for non-thermal VHE emission from these sources to have a complete
view of their emission spectrum. This focus arises from a significant event in April 2020,
when the detection of an FRB coincided with two preceding gamma-ray outburst alerts
triggered by the BAT instrument aboard the Swift satellite [59]. Two millisecond-duration
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Figure 1. Observations of FRB 20190806A triggered by UTMOST. Left: VHE gamma-ray excess
map around the direction of FRB 20190806A illustrated by the event counts exceeding the background.
The circle in the centre has a radius of 0.1◦ and denotes the location of the FRB and the search region
for a gamma-ray signal. Middle: significance map of the gamma-ray emission using the formalism
proposed by Li and Ma [56] in the region around FRB 20190806A. Right: significance distribution
(blue histogram), normalized by the number of entries and bin width. The red line and the shown
parameters correspond to a Gaussian function fit to the distribution.

Figure 2. H.E.S.S. observation delays in hours, relative to the radio burst detection of three FRBs
by Parkes and UTMOST. Flux integral upper limits are shown for each FRB within the energy range
depicted in the figure. The assumed energy spectrum for these calculations follows an E−2 profile.
The timescales used to derive these limits correspond to the H.E.S.S. observation durations for each
source, as specified in the main text.
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radio bursts have been detected from the same direction of SGR J1935+2154: the first burst
by CHIME [60] and STARE2 [59], and the second burst by FAST [61]. The timing of the
first FRB-like radio burst appears to aligne very well with one of the X-ray bursts seen
by AGILE [37], Konus-Wind [62], INTEGRAL (burst G in [35]), and Insight-HXMT [63].
Additionally, between April 2020 and December 2023, six new bursts were detected from
SGR 1935+2154 on four different occasions by CHIME [64]. This FRB is notable for being
the first Galactic FRB and the only one detected to date.

3.3.1 SGR 1935+2154: the source of a Galactic FRB-like radio burst

Upon the detection of a Swift X-ray burst [65] H.E.S.S. observed SGR 1935+2154 on 28 April,
2020. Around 2 hours of data were acquired from 01:55 UTC to 03:53 UTC. A few hours later
an FRB-like radio burst named FRB 20200428D was detected from the source on April 28 at
14:34:33 UTC. While the H.E.S.S. observations did not coincide temporally with the FRB,
they coincided with 4 other X-ray bursts detected by Fermi-GBM and INTEGRAL [35, 66]
from the source. No VHE gamma-ray counterparts were detected. An analysis searching
for gamma-ray pulses at the millisecond scale did not show any significant pulses coinciding
with any X-ray bursts. Details on the analysis and results can be found in [67]. 99% C.L.
integral upper limits of Φγ(E > 420 GeV) < 1.27 · 10−12 cm−2 s−1 were set on the steady VHE
gamma-ray emission from SGR 1935+2154 assuming an E−2 power law spectrum.

3.3.2 SGR 1830-0645 (ToO 2020-10-10)

In the scope of the efforts of the H.E.S.S. collaboration to probe VHE gamma-ray emission
from magnetars, H.E.S.S. observations were triggered on SGR 1830−0645, a newly discovered
magnetar, following the detection of a short burst by Swift [68] on October 10, 2020 at
14:49:24 UTC. Observations started the same day at 18:13:38 UTC and lasted for 1 hour.
Nearby VHE sources were excluded from the analysis. The results do not show any significant
VHE gamma-ray signal coming from the SGR 1830−0645 position. 99% C.L. upper limits of
Φγ(E > 284 GeV) < 1.78 · 10−12 cm−2 s−1 were set on the persistent VHE gamma-ray emission
from SGR 1830-0645 assuming an E−2 power law spectrum. We show the 99% C.L. differential
upper limits in figure 3. No continuous VHE sources coincident with the magnetar’s position
were detected in the H.E.S.S. Galactic Plane survey described in [69].

4 Multiwavelength campaigns

The second strategy employed by H.E.S.S. to search for FRB sources involves participating
in coordinated multi-wavelength campaigns where the focus is on observing known FRB
sources, whether repeating or not, to study their host environments and on capturing FRBs
simultaneously with radio and X-ray facilities. By collecting data across different wavelengths
simultaneously, the campaigns aim to uncover any recurring patterns or behaviours associated
with the FRB sources. H.E.S.S. has been involved in four multi-wavelength campaigns since
2019: Deeper Wider Faster (DWF), two with MeerKAT, and one with INTEGRAL.

The latter was led by the INTEGRAL gamma ray instrument on September 24–28,
2017, but also involved the participation of radio (Effelsberg, Nancay, Arecibo, GBT) and
optical observatories. H.E.S.S. conducted observations on the nights of the 26th and 27th of
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Figure 3. Differential 99% C.L. upper limits derived from the H.E.S.S. observational data taken
during the ToO observation of SGR 1830−0645.

September 2017, contemporaneous with the MAGIC telescopes [40]. However, no FRB was
detected by any instrument; therefore, the data collected by H.E.S.S. will not be presented
in the following.

4.1 Deeper Wider Faster campaign

The Deeper Wider Faster (DWF) campaigns are coordinated multi-wavelength and multi-
messenger monitoring and follow-up observations of fast transients with a special interest
in FRBs [70]. They involve a large range of ground and space-based facilities conducting
coordinated, simultaneous observations of pre-defined fields. In addition, multiple facilities
are on stand-by allowing for fast reaction follow-up in case of interesting detections during
these observations. H.E.S.S. participated in both aspects of the DWF campaign discussed
here. H.E.S.S. participated in a DWF observation campaign from June 23 until June 29,
2019. Several facilities observed three pre-defined targets – Field 1, Field 2, and Field 3 –
centered at (16h26m00s, −73◦00′00′′), (19h08m00s, 64◦30′00′′), and (21h44m25s, −40◦54′00′′),
respectively. The observations were aimed at detecting potential FRBs and their counterparts.
Fields 1 and 2 included the galaxies NGC 6101 and NGC 6744 within their FoV, while Field 3
was centered on the host galaxy of FRB 20180924B [25]. This campaign was conducted over
5 nights. These observations were taken under moderate moonlight conditions and served
the commissioning of H.E.S.S. moonlight observations. The H.E.S.S. observation summary,
given in table 1, serves to search for VHE emission from any detected FRB or FRB sources.
No FRBs were detected in this campaign.

After passing the quality checks, the data on the three fields were analyzed, each night
separately. No significant VHE gamma-ray signal was found for individual nights, nor when
stacking all five. The 99% C.L. upper limits derived from this analysis are shown in figure 4.
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Night Field Observation Start Observation End

1 Field 1 2019-06-23 23:00 2019-06-24 00:30
2 Field 1 2019-06-24 23:00 2019-06-25 00:30
3 Field 1 2019-06-25 23:00 2019-06-26 01:30
4 Field 1 2019-06-26 23:00 2019-06-27 01:30
5 Field 1 2019-06-27 23:00 2019-06-28 01:30

2 Field 2 2019-06-25 00:30 2019-06-25 03:30
3 Field 2 2019-06-26 01:30 2019-06-26 03:30
4 Field 2 2019-06-27 01:30 2019-06-27 03:30
5 Field 2 2019-06-28 01:30 2019-06-28 03:30

2 Field 3 2019-06-25 03:30 2019-06-25 04:30
3 Field 3 2019-06-26 03:30 2019-06-26 04:30
4 Field 3 2019-06-27 03:30 2019-06-27 04:30
5 Field 3 2019-06-28 03:30 2019-06-28 04:30

Table 1. Catalogue of observations conducted throughout the 5 H.E.S.S. observation nights of the
2019 DWF campaign. All observation times are presented in UTC.

Figure 4. Differential 99% C.L. upper limits derived from the H.E.S.S. observational data taken on
Field 1, 2, and 3 during the DWF campaign. The timescales used to derive these limits correspond to
the H.E.S.S. observation durations for each source, as specified in the main text and in table 1.

– 9 –



J
C
A
P
0
7
(
2
0
2
5
)
0
8
6

Field MeerKAT Observations H.E.S.S. Observations H.E.S.S. Target Epoch

FRB 20200430A 28 Jul 2021 18:11 - 20:50 28 Jul 2021 18:16 - 20:11 (15h18m50s, 12d22′34′′) 2A
FRB 20190608B 2 Sep 2021 21:00 – 23:30 2 Sep 2021 21:00 – 23:25 (22h16m05s, -7d53′54′′) 2B
FRB 20181112A 3 Sep 2021 20:45 – 23:15 3 Sep 2021 21:16 – 22:13 (21h49m24s, -52d58′15′′) 2B
FRB 20190102C 4 Sep 2021 20:15 – 22:45 4 Sep 2021 20:18 – 22:43 (21h29m40s, -79d28′31′′) 2B
FRB 20190611B 5 Sep 2021 20:15 – 22:45 5 Sep 2021 20:18 – 22:45 (21h22m58s, -79d23′51′′) 2B
FRB 20191228A 6 Sep 2021 21:30 – 00:00 6 Sep 2021 21:16 – 00:11 (22h57m43s, -29d35′38′′) 2B

Table 2. Details of the FRB fields observed during the 2021 MeerKAT campaign. All observation
times are presented in UTC time.

4.2 MeerKAT campaigns

H.E.S.S. has participated in FRB campaigns led by the MeerKAT radio telescope since 2019.
MeerKAT, a precursor of the Square Kilometer Array (SKA) [71], is a radio interferometer
in the Karoo region of South Africa [72].

In 2019, H.E.S.S. joined the first night of campaigns targeting the southern repeating
FRB 20171019A (22h17m31.92s, -8d39’32.4’), conducted over two nights of observations
on September 27 and October 18. The campaign aimed to search for variability through
simultaneous observations with H.E.S.S. and MeerKAT, ensuring contemporaneous data in
the radio and VHE gamma-ray domains. Additionally, 2 ks of Swift ToO observations were
conducted on September 28 (18:37:02–21:52:54 UTC) and October 18 (18:03:00–20:03:00
UTC), providing complementary data in the X-ray and UV ranges. The analysis of 1.8 hours
of H.E.S.S. data did not reveal any significant excess of gamma-ray emission above the
expected background from the direction of FRB 20171019A. The flux integral upper limits
were calculated with a 95 % C.L. and assuming an energy dependence following E−2. This
resulted in Φγ(E > 120 GeV) < 2.10 × 10−12 cm−2 s−1 [73]. Additionally, no emission in
radio, X-ray, or ultraviolet wavelengths was detected from the region of FRB20171019A,
and upper limits were established [73].

Subsequently, in 2021, H.E.S.S. participated in a new campaign to observe seven FRB
sources in collaboration with MeerKAT, with X-rays observations performed by Swift, and
optical observations by ATOM and MeerLicht (see table 2). The campaign aimed to detect
gamma-ray emission or set limits on the persistent emission. The campaign was divided into
three epochs as follows: a first epoch with observations carried out solely by MeerKAT, and
two epochs (labeled 2A and 2B), with simultaneous observations by MeerKAT, H.E.S.S.,
and Swift. Each MeerKAT observation was accompanied by 2 ks of Swift observations.
Epoch 2A observations specifically targeted FRB 20200430A and were conducted on July
28, 2021 for 2 hours, while Epoch 2B targeted five different sources (FRB 20190608B,
FRB 20181112A, FRB 20190102C, FRB 20190611B, and FRB 20191228A) for 2.5 hours each
night from September 2–6, 2021. The epoch 2B campaign prioritized well-localized sources and
incorporated a mix of repeating and non-repeating FRB sources. No significant gamma-ray
emission was detected. The gamma-ray differential upper limits for the six fields observed by
H.E.S.S. are depicted in figure 5. No persistent radio emission was detected by MeerKAT either.
While observing the position of FRB 20190611B, the FRB 20210410D was discovered [74].
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Figure 5. Differential 99% C.L. upper limits derived from the H.E.S.S. observational data taken on
the targets of the MeerKAT campaign of 2019. The timescales used to derive these limits correspond
to the H.E.S.S. observation durations for each source, as specified in the main text.

5 Discussion and conclusions

The H.E.S.S. collaboration has conducted extensive observations targeting localized FRB
sources, potential repeating FRB sources, and magnetars. These efforts, which included follow-
up observations triggered by radio and X-ray detections and coordinated multi-wavelength
campaigns, aimed at enhancing our understanding of the environments and potential emission
mechanisms behind FRBs. However, no significant VHE gamma-ray emission has been
detected from any of the targets. Nonetheless, the H.E.S.S. collaboration’s FRB programme
remains crucial for investigating these intriguing astrophysical sources [2, 3] and shedding
light on their still unknown origins and emission mechanisms [30–32, 75]. The H.E.S.S.
programme complements the one performed by VERITAS [76, 77]. VERITAS’s proximity to
the radio telescope CHIME, only separated by 8.7◦ in longitude, allows it to observe sources
approximately 30 minutes past culmination as they transit through the CHIME field of view.

Among the fields observed by H.E.S.S. from 2015 to 2022, nine contain localized FRBs,
for which information on the radio burst, the host galaxy and chance association is provided in
the literature and in table 3. The radio luminosity of the extragalactic FRB bursts mentioned
in this work is between 1041 erg s−1 and 1045 erg s−1. We summarize the information on
these nine localized FRBs in table 3. Using H.E.S.S. observations, we can set a limit
on the continuous VHE emission of the environment associated with these sources. We
calculate the gamma-ray luminosity upper limits by correcting the 99% C.L. integral flux
upper-limits for EBL absorption using the redshift values in table 3. The H.E.S.S. upper
limit on the VHE luminosity of extragalactic FRB positions ranges between 1044 erg s−1 and
1048 erg s−1 for redshifts raging between 0.11 and 0.49. The upper limits are comparable to
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Source Detection Repeater Redshift Lr,FRB Lr,host Chance ref. LVHE,host
[erg s−1] [erg s−1] Association [erg s−1]

FRB 20190806A UTMOST No ≲0.32 — — — [58] <3.61×1045

FRB 20150418A PARKES No 0.4920 <1.3×1042 5.6×1039a 0.0018 [50, 85, 86] <4.35×1046

FRB 20180924B ASKAP No 0.3212 3.27×1043 <3.49×1038 0.0018 [78, 86, 87] <2.41×1045

FRB 20200430A ASKAP No 0.1600 — <5.01×1037 0.0051 [78, 86, 87] <3.84×1044

FRB 20190608B ASKAP No 0.1178 9.88×1041 <2.31×1037 0.0016 [78, 86, 87] <1.47×1044

FRB 20181112A ASKAP No 0.4755 2.69×1045 <8.37×1038 0.0257 [78, 86, 87] <1.53×1046

FRB 20190102C ASKAP No 0.2912 2.0×1044 <2.71×1038 0.0050 [78, 86, 87] <2.82×1046

FRB 20190611B ASKAP No 0.3778 5.03×1043 — 0.0169 [78, 86] <5.89×1047

FRB 20191228A ASKAP No 0.2432 1.49×1044 <2.21×1038a 0 [88] <1.07×1045

FRB 20200428D CHIME No 6.6–12.5 kpc 3×1036 – – [67] <1.27×1034
(SGR 1935+2154)

aSteady radio luminosity from resolved region inside the host.

Table 3. Host galaxy properties for localized FRBs studied by H.E.S.S. Spectroscopic redshifts are
reported to four significant digits (typical uncertainty) [86].The chance association of the FRB to
their host galaxies are taken from the works cited in ref. LVHE,host constrains the VHE gamma-ray
luminosity from the region of the FRB during the H.E.S.S. observations and was obtained assuming a
E−2 spectrum and after correcting for EBL absorption.

the upper limits derived by Fermi-LAT [78]. On the other hand, according to [79] expected
continuous luminosities can reach 1039 erg s−1 at 1 TeV, lying several orders of magnitude
below the H.E.S.S. upper limits derived in this work. This continuous luminosity can reach
1042 erg s−1 at 1 GeV requiring a lower energy threshold and a better sensitivity that might
be achievable with future instruments. In comparison, observations of FRB 20121102 and
FRB 20220912A place upper limits of 3 × 1041 erg s−1 [80] and 1.4 × 1041 erg s−1 [81] in
the X-ray domain, respectively.

As for the transient VHE emission expected from the FRB source, [33] expects a total
energy of around 1048 erg for VHE bursts accompanying FRBs in the TeV domain. This
emission is expected to be detectable by the Cherenkov Telescopes Array Observatory (CTAO)
from a distance of 100 Mpc. From [67] the H.E.S.S. sensitivity to such burst is 10−9 erg cm−2,
requiring a VHE total emission above 1046 erg to 1048 erg from the sources in this sample
to be able to be detected by H.E.S.S. In comparison, observation of FRB 20200120E with
Konus-Wind place upper bounds of 2 × 1044 erg in the 20–1500 keV energy range. Moreover,
observations of FRB 20180916B in the optical and X-ray ranges suggest respective ratios of
Eoptical/Eradio < 102 and EX/Eradio < 107 [82]. Therefore, we conclude that probing VHE
emission from FRB sources with H.E.S.S. provides valuable constraints on theoretical models
for these enigmatic bursts, especially for multi-wavelength campaigns where the FRB might
occur during VHE observation time. H.E.S.S. remains the only instrument located in the
Southern Hemisphere that can probe possible VHE emission from transient events making
it invaluable for the worldwide effort to search for FRB counterparts.

Moreover, the application of new tools to search for transient phenomena in gamma-ray
data [83] and the advent of wide-field radio surveys will enable a more complete picture
of FRBs. A significant increase in the number of FRB events will be facilitated by SKA
and the new and expanded interferometer CHIME/CHORD [14], which will expand the
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samples of events with accurate localization and will improve the characterization of their
radio properties as well as the investigation of their local environments [84]. In the future, the
commissioning of the CTAO will further enhance the likelihood of detecting emission from
FRB sources in the VHE domain. Compared with current VHE instruments, CTAO will be
an order of magnitude more sensitive above 1 TeV, with several times better sensitivity in the
range 30–100 GeV where the effects of EBL absorption are lower. With better sensitivity,
CTAO will be able to resolve shorter time-scale variability by collecting more events and the
hunt for FRB counterparts becomes much more efficient with a luminosity upper limit that
can go down to 1042–1043 erg s−1 for FRB 20190608B, the closest case from this sample.
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