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Outline 

•  Observing the sky at Very High Energies: 
the IACT technique

•  GRB at VHE … “A Long-expected Party”
•  The Cherenkov Telescope Array 
•  The Transient Key Science Project 
•  Possible joint collaboration projects with 

Theseus  



GRB delayed emission .. Single photons matter! 

Hurley et al. 1994 



Search for GRBs at VHE … a long story 
made short .. 

Hurley 1996 



Theoretical Expectation 

Pilla and Loeb 1998 



Search for GRBs at VHE … a long story 
made short .. 

•  The scientific benefits of the detection of a TeV component 
to a classical gamma-ray burst (GRB) would be the following: 

•  It would constrain the particle acceleration models for the 
sources and provide valuable insights into the source 
radiation mechanisms; 

•  It would set an upper limit to the source distance because of 
the predicted absorption of TeV photons by pair production 
with intergalactic infrared photons; 

•  It would give a more accurate measure of the location of the 
burst and thus contribute to source identification;

•  It would open a new window to the study of GRB phenomena 
from the ground

Connaughton et al 1997 



IACT & EAS experiments 

    •  Cherenkov experiments consist 
of almost-optical telescopes 
devoted to detect Cherenkov 
light. 

    •  EAS (Extensive Air Shower) 
experiments are huge arrays or 
carpets of particle detectors. 

    •  Cherenkov experiments have 
lower energy thresholds, but 
also a lower duty-cycle as well 
as a smaller field of view.  



Search for GRBs at VHE … a long story 
made short .. 

Padilla et al 1998 

GRB 920925c 



MILAGRITO

Atkins et al 2000 



MILAGRITO

Atkins et al 2000 

GRB 970417a 



GRB 130427A 

Ackermann et al. 2014 



GRB HE emission. Single photons matter 

Ackermann et al. 2014 GRB 130427A 



Highest-energy photons from GRBs 

•  <5% of GRBs have E > 50 GeV 
•  Sharp drop @5 GeV (obs.frame) 

–  Record holder: GRB 130427A  
•  95 GeV @243 s 
•  77 GeV @19s 
•  34 GeV @34 ks 

Observer Frame 

Source frame 

§  HE photons often arrive after the low-energy emission is 
over BUT 

o  Highest energies can be produced either very 
quickly or very late: challenge for models! 

Ajello et al. 2019 



MAGIC telescopes  



MAGIC – I upper limits 

Albert et al 2006 



MAGIC– I upper limits

J. Aleksic  et al., 2014  

GRB 090102 



HESS 



HESS - I upper limits

Abramowski et al. 2014 
GRB 100621A 



VERITAS 



VERITAS upper limits

Aliu et al. 2014 
GRB 130427A 



HAWC 



HAWC upper limits

Abeysekara et al. 2015 GRB 130427A 



MAGIC detection



MAGIC detection

  Acciari et al. 2019a GRB 190114C 



MAGIC detection

  Acciari et al. 2019a GRB 190114C 



MAGIC detection

  Acciari et al. 2019b GRB 190114C 



MAGIC detection

  Acciari et al. 2019b 
GRB 190114C 



HESS detection

Abdalla et al. 2019 



HESS detection

Abdalla et al. 2019 GRB 180720B 



MAGIC & HESS detection

Zhang B., Nature News & Views (20/11/2019) 



GRBs @ VHE ! – GRB 190829A 

https://gcn.gsfc.nasa.gov/gcn3/25566.gcn3 

TITLE:   GCN CIRCULAR 
NUMBER:  25566 
SUBJECT: GRB190829A: Detection of VHE gamma-ray emission with H.E.S.S.  
DATE:    19/08/30 07:08:37 GMT 
FROM:    Fabian Schussler at CEA  <fabian.schussler@cea.fr> 
 
M. de Naurois on behalf of the H.E.S.S. collaboration 
 
The H.E.S.S. array of imaging atmospheric Cherenkov telescopes was used to carry out follow-up 
observations  of the afterglow of GRB 190829A (Dichiara et al., GCN 25552).  
At a redshift of z = 0.0785 +/- 0.005 (A.F. Valeev et al., GCN 25565) this is one of the nearest GRBs detected 
to date.  
H.E.S.S. Observations started July 30 at 00:16 UTC (i.e. T0 + 4h20), lasted until 3h50 UTC and were taken  
under good conditions. A preliminary onsite analysis of the obtained data shows a >5sigma gamma-ray  
excess compatible with the direction of GRB190829A.  
Further analyses of the data are on-going and further H.E.S.S. observations are planned.  
We strongly encourage follow-up at all wavelengths. 
 
H.E.S.S. is an array of five imaging atmospheric Cherenkov telescopes for the detection of very-high-energy  
gamma-ray sources and is located in the Khomas Highlands in Namibia.  
It was constructed and is operated by researchers from Armenia, Australia, Austria, France, Germany, Ireland, 
 Japan, the Netherlands, Poland, South Africa, Sweden, UK, and the host country, Namibia.  
For more details see https://www.mpi-hd.mpg.de/hfm/HESS/ 
 



GRBs @ VHE ! (GRB 160821B) 

Acciari et al 2021 



GRBs @ VHE ! 

Acciari et al 2021 



GRBs @ VHE ! – GRB 201216C

TITLE:   GCN CIRCULAR 
NUMBER:  29075 
SUBJECT: GRB 201216C: MAGIC detection in very high energy gamma rays 
DATE:    20/12/17 17:23:13 GMT 
FROM:    Oscar Blanch at MAGIC Collaboration  <blanch@ifae.es> 
O.Blanch (IFAE-BIST Barcelona), F. Longo (University and INFN Trieste), A. Berti (INFN Torino), 
S. Fukami (ICRR University of Tokyo), Y. Suda (MPP Munich), S. Loporchio (University and INFN Bari),  
S. Micanovic (University of Rijeka), J. G. Green (INAF Rome), V. Pinter (IFAE-BIST),  
M. Takahashi (ICRR University of Tokyo), on behalf of the MAGIC collaboration report: 
 
On December 16, 2020, the MAGIC telescopes observed GRB 201216C following the 
trigger by Swift-BAT and Fermi-GBM (Beardmore et al., GCN 29061, Fermi/GBM team GCN 29063). 
MAGIC started under good conditions about 57 seconds after the GRB onset. 
The preliminary offline analyses show an excess above 5 sigma, compatible with the GRB position reported 
by the Swift and Fermi teams. Refined off-line analyses of the data are ongoing. 
 
We strongly encourage follow-up observations by other instruments at all wavelengths. 
 
The MAGIC point of contact for this burst is O. Blanch (blanch@ifae.es).  
Burst Advocate for this burst is F. Longo (francesco.longo@ts.infn.it). 
 
MAGIC is a system of two 17m-diameter Imaging Atmospheric Cherenkov Telescopes 
located at the Observatory Roque de los Muchachos on the Canary island 
La Palma, Spain, and designed to perform gamma-ray astronomy in the energy 
range from 50 GeV to greater than 50 TeV. https://gcn.gsfc.nasa.gov/gcn3/29075.gcn3 



45	  U.Barres – COSPAR 2020 
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47	  U.Barres – COSPAR 2020 



48	      R.Zanin – TeVPa 2019 
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52	  U.Barres – COSPAR 2020 



CTA performance

53	  



55	  U.Barres – COSPAR 2020 



58	  U.Barres – COSPAR 2020 



CTA Surveys 



60	  G. Rowell – COSPAR 2020 



61	  U.Barres – COSPAR 2020 



CTA and GRBs

Inoue et al (2013) 



CTA and GRB

Inoue et al (2013) 



CTA GRB Science 



CTA & Theseus GRB 



X-rays and TeV connection

https://arxiv.org/abs/2103.05735 



69	      R.Zanin – TeVPa 2019 
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See you soon !!! 


