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Abstract

Transient sources are characterized by their unpredictable emission on timescales spanning milliseconds
to years. Gamma-ray bursts fall under this source class. Since 2019 they are known to be emitters of very
high-energy gamma rays. The next generation observatory for very high energy gamma rays will be the
Cherenkov Telescope Array (CTA) covering energies from 20GeV to at least 300TeV. With this energy
range and one order of magnitude better sensitivity than the current instruments, CTA will reach high
redshifts and will have access to the shortest time-scale phenomena. The CTA consortium defined several
Key Science Projects for the first 10 years, and the study of transient sources – including Gamma-ray
bursts – is one of them. In these proceedings I present the improvement of Gamma-ray burst studies using
CTA focusing on the Large Size Telescopes of the planned array.
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1. Introduction

Gamma-ray bursts (GRBs) were discovered serendipi-
tously by the end of 1960s as brief, intense flashes of
gamma-rays in the energy range of 0.2 – 1.5MeV (Klebe-
sadel et al. 1973). By the end of the 1990s prompt
emission from about 2700GRBs was detected by The
Burst And Transient Source Experiment (BATSE), sen-
sitive in the energy range ∼20 – 2000 keV (Paciesas et al.
1999). The isotropic distribution of the detected GRBs
pointed to the extra-galactic origin of these very ener-
getic events. Kouveliotou et al. (1993) found two classes
of GRBs after studying the first BATSE catalog: short
GRBs (T90 <2 s) and long ones (T90 >2 s), where T90

is the duration during which 5% to 95% of the total
fluence is detected. This bimodal burst duration distri-
bution hinted to two classes of progenitors. Nowadays
we know that long GRBs originate from core-collapsing
stars whereas short GRBs come from the coalescence of
compact objects. See Zhang et al. (2016) for a review.

Apart from the already known prompt emission, the
first detection of high-energy afterglow happened with
the Compton Gamma-Ray Observatory (CGRO): GRB
940217 was detected at GeV energies hours after the
burst was over, while the 25 – 50 keV burst lasted for
few tens of seconds (Hurley et al. 1994). With the launch
of the Fermi satellite in June 2008 carrying the two in-
struments Fermi-GBM (8 keV – 40MeV) and Fermi-LAT
(30MeV – >300GeV) three peculiar features at high-

energies became clear: Extended duration, delayed onset
and an extra hard power law. The main results are pub-
lished in The Second GRB Catalog (Ajello et al. 2019).

The first very high energy (VHE) detection of a
GRB was announced by MAGIC after the capture of
GRB190114C. This GRB was detected in the energy
range 0.2 – 1TeV from about one minute after burst
for about 40 minutes (Acciari et al. 2019). Further-
more, the H.E.S.S. experiment reported on the discov-
ery of GRB180720B detected ten hours after the end
of the prompt emission phase, when the X-ray flux had
already decayed by four orders of magnitude (Abdalla
et al. 2019). H.E.S.S. also announced the detection of
VHE emission from GRB190829A. The corresponding
observations started 4h 20m after the onset and lasted
for 3 hours 34m (de Naurois 2019). All these detection
were possible thanks to the automatic trigger sent by
either the Burst Alert Telescope onboard of the Swift
X-ray satellite or the Fermi-GBM. The Cherenkov Tele-
scopes then reacted accordingly to the alarm received.
These discoveries prove the long anticipated VHE emis-
sion from GRBs and give excellent prospects for the
Cherenkov telescope array (CTA), the next generation
of Cherenkov telescopes. In these proceedings I describe
shortly CTA and improvements we expect to achieve
with respect to GRB studies.



2. The Cherenkov Telescope Array

CTA is the next generation of Cherenkov telescopes.
Two CTA arrays will be built: one in the Northern (La
Palma, Canary Islands, Spain) and one in the Southern
Hemisphere (Paranal, Chile), covering the gamma-ray
energy range between 20GeV and 300TeV with unprece-
dented sensitivity. Four Large Size Telescopes (LSTs) of
23m diameter will be arranged at the center of the CTA
arrays. In addition, on the Northern site, 15 mid-size
telescopes (MSTs, 12m diameter) will be built, whereas
in the Southern one 25 MSTs and 70 small-size telescopes
(12m diameter) are planned. The LSTs are key instru-
ments for transients including GRBs due to their low-
energy threshold (20GeV) and ability to rotate rapidly
to any place in the sky in less than 20 seconds. Their
relatively large field of view (FoV, 4.5 degrees) supports
serendipitous discovery of transients. The first proto-
type LST (LST1) is now in the commissioning phase in
La Palma taking the first engineering runs.

2.1. Expected improvement

In Fig. 1, left, flux sensitivity curves for different scenar-
ios are shown: CTA-North consisting of 4 LSTs + 15
MSTs, an array of only 4 LSTs, only the existing stereo-
scopic MAGIC telescopes1 on-site and the MAGIC tele-
scopes + 1 LST. Already the combination of MAGIC
+ 1 LST gives a significant improvement of factor ∼3
in sensitivity. It can be clearly seen that the LSTs are
accountable and crucial for the improvement at low en-
ergies (20GeV – 100GeV). At higher energies the MSTs
come into play.

For observations of GRBs best possible instrumental
sensitivity on short timescales is essential. As can be seen
in Fig. 1, right, the full Southern array of CTA will pro-
vide a 10000 times better sensitivity than Fermi-LAT on
time scales of minutes to hours. Note that CTA will have
a 10% duty cycle due to weather and light constraints
compared to 90% duty cycle of Fermi-LAT. The com-
bination of the significant improvement over existing ex-
periments and the fast rotation of the LSTs will increase
the probability to detect prompt emission of GRBs and
to study the evolution of their afterglow phase.

3. Expected GRB detection rate & observation strategies

The CTA consortium defined several Key Science
Projects for the first 10 years of operation including tran-
sients. The planned observation strategy goes as follows:
CTA will respond to external GRB alerts satellites in
orbit. 12 follow up observations/year/site are expected
during dark time and with a zenith angle <70 (see ta-
ble 1). CTA Real Time Analysis (RTA) will evaluate
the GRB observation in automatic mode without human
intervention and alert the scientific community within

*1 https://magic.mpp.mpg.de/

30 sec after data taking has been started. We expect a
detection rate of ∼1 GRB/year/site. This estimate is
based on a GRB population model tuned to match Swift
observations and assumptions based on Fermi-LAT ob-
servations (CTA Consortium 2019). More detailed stud-
ies including updates are in progress (Schüssler 2019).

3.1. Observation strategy for gravitational wave sources

Observing the electromagnetic counterpart of Gravita-
tional Wave (GW) sources is of utmost importance:
through precise localization the host galaxy can be iden-
tified and the redshift determined. CTA, and specially
the LSTs through their fast reaction time and their
large FoV, will play a relevant role in case of no or
coarse GRB localization from high-energy satellites (as
for GRB170817A (Abbott et al. 2017a; Abbott et al.
2017b)). The resulting localization at VHE on level
of arcmin can trigger follow-up observations with op-
tical/radio facilities. The expected large uncertainties
of GW source localization from GW experiments need
dedicated follow-up strategies. The workflow of the re-
action of CTA to the detection of a gravitational wave
are shown in Schüssler (2019).

3.2. Divergent pointing

An alternative to pointed observations is divergent point-
ing. In this mode telescopes are inclined into the outward
direction by an angle increasing with the telescope dis-
tance from the array center (Donini et al. 2019). With
this arrangement the FoV can be increased up to ∼20◦

making serendipitous detections of GRBs more probable,
although with lower flux sensitivity. Observations of the
GRB onset and during the prompt emission of the GRB
would be possible.

4. Examples of GRB physics cases

4.1. Extragalactic background light studies

GRBs observed with CTA will be excellent probes of
the Extragalactic Background Light (EBL). High-quality
spectra at VHE can trace photon-photon interaction at-
tenuation features that are an indirect EBL probe. As
can be seen in the simulated spectrum shown in Fig. 9.2
of CTA Consortium (2019) spectra can be reconstructed
for GRBs even at z=4.3. At this high redshift and at
lowest energies distinction between different EBL mod-
els will be possible. To reach the necessary low energy
threshold for this kind of studies, LSTs represent key
instruments.

4.2. Lorentz invariance violation studies

Some models of quantum gravity allow Lorentz invari-
ance violation (LIV) assuming that the photon prop-
agation speed depends on their energy. Methods to
constrain LIV require sources showing short time-scale
variability and bright VHE emission. GRBs observed



Fig. 1: Left: Differential sensitivities for point-like sources for observations with MAGIC, MAGIC-LST1 or 4 LSTs. The

CTA North requirement and simulated sensitivity are also shown (di Pierro et al. 2019). Right: CTA differential sensitivity

(Southern array) compared to the Fermi-LAT, MAGIC and VERITAS sensitivity at four energies (Fioretti et al. 2019).

Table 1: Summary of GRB follow-up strategy and observing time for one array site (CTA Consortium 2019).

Strategy Expected event Exposure per Exposure per
rate (yr−1) follow-up (h) year (h yr−1)

Prompt follow-up of accessible alerts ∼12 2 25
Extended follow-up for detections 0.5–1.5 10–15 10–15
Late-time follow-up of HE GRBs ∼1 10 10
not accessible promptly

with CTA can test LIV through high-resolution VHE
light curves simulated in Fig. 9.1 of CTA Consortium
(2019). Observations during the prompt phase and re-
solving flare structures in the afterglow emission are key
for LIV studies.

5. Summary

CTA will provide key elements for an increased GRB
detection rate and broader energy spectra: Low energy
threshold, better sensitivity and all sky coverage. The
RTA will be useful for the scientific community since au-
tomatic alerts will be send through GCNs, for example.
transient hunt can already start in early science phase
with only a couple of CTA telescopes built and working.

6. Acknowledgments

We gratefully acknowledge financial support from the
agencies and organizations listed here: http://www.cta-
observatory.org/consortium acknowledgments.

References

Abbott, B. P., Abbott, R., Abbott, T. D., et al. 2017a,
ApJL, 848, L12

Abbott, B. P., Abbott, R., Abbott, T. D., et al. 2017b,
ApJL, 848, L13

Abdalla, H., Adam, R., Aharonian, F. et al. 2019,
Nature 575, 464–467

Acciari, V.A., Ansoldi, S., Antonelli, L.A. et al. 2019,
Nature 575, 455-458

Ajello, M., Arimoto, M., Axelsson, M. et al. 2019, ApJ,
878, 52A

CTA Consortium 2019, ISBN #9789813270091,
arXiv:1709.07997v2 [astro-ph.IM]

Donini, A., Gasparetto, T., Bregeon, J. et al. 2019,
PoS(ICRC2019), 664

de Naurois, M. 2019, ATel, 13052, 1
Di Pierro, F., Arrabito, L., Baquero Larriva, A. et al.

2019, PoS(ICRC2019), 659
Fioretti, V., Ribeiro, D., Humensky, T. B. et al. 2019,

PoS(ICRC2019), 673
Hurley, K., Dingus, B., Mukherjee, R. et al. 1994,

Nature 372, 652–654
Klebesadel, R. W., Strong, I. B., & Olson, R. A. 1973,

ApJL, 182, L85
Kouveliotou, C., Meegan, C. A., Fishman, G. J., et al.

1993, ApJL, 413, L101
Paciesas, W. S., Meegan, C. A., Pendleton, G. N., et al.

1999, ApJS, 122, 2, 465-495
Schüssler, F. 2019, PoS(ICRC2019), 788
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