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Motivation

● Detection of GRBs in very high 
energy gamma-rays (VHE) by 
MAGIC and HESS. 

● New window for GRB physics
● Possible to detect prompt 

emission in VHE?
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Short-GRB in VHE: GRB 160821B

● Excess of TeV photons 
(~3ϭ); E > 0.5 TeV

● Results in an upper limit- 
helps to constrain 
emission models.

● After 20s: shortest 
response time so far.
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Cherenkov Telescope Array (CTA)
● Largest IACT facility 

(100+ IACTs) 
● Sites: La Palma, Spain 

and Chile.
● 10x better sensitivity
● Energy: 0.01- 100 TeV
● FoV ~50 sq. deg.
● Response time of ~20s 
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Credit: Google-map

● Triangular detector
● Arm length of 10 km
● Underground Locations

(selection by 2025) 
● Sardinia, Italy/ Netherlands 

Einstein Telescope &  Cosmic Explorer



Jul 4, 2022 Gamma-2022, Barcelona: B. Banerjee 9

Einstein Telescope &  Cosmic Explorer
Credit: Google-map

● Surface L-shaped 
detectors

● Arm length of 40 km
● Location: USA and 

Australia 



Jul 4, 2022 Gamma-2022, Barcelona: B. Banerjee 10

Einstein Telescope &  Cosmic Explorer
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- Injection: 105/ yr
- Mass: 1-2.5 M

s

- CosmoRate 
(Santoliquido et al. 2020)

Harms et al. ‘2022
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ET/ CE sky-localization capabilities:

github.com/janosch314/GWFish
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Concept of Pre-alert:

- Low-frequency 
coverage
  
- Pre-alerts, 
detection and sky-
localization before 
the merger
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Sky-Localization Pre-mergers:
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Follow-up by CTA

● One-shot observation: 

follow-up every BNS alert.
● Exhaust  1-2% CTA time to 

follow events < 100 deg2

● Events with 5-min pre-alert
● Duty cycle of CTA ~ 15%

   5-min
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● Potentially detectable sources
● Followed sources within 100 deg2

● Single shot-observation covering 

 ~ 20 deg2  → CTA FoV
● Viewing angle < 10 deg.
● Parameters updated 1 min before 

merger
● Expected detection 20-60/ yr

   5-min

Follow-up by CTA
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Assumed models
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Detectability of VHE emission by CTA

5-sigma detection 
         with 
10 s exposure



See also Xiao, S. et al. arXiv:2205.02186 for γ-ray precursor showing signatures 
of quasi-periodic oscillations

GRB 211211A: GRB/KILONOVA

Rastinejad, J. C. et al. arXiv:2204.10864 



See also Xiao, S. et al. arXiv:2205.02186 for γ-ray precursor showing signatures 
of quasi-periodic oscillations

GRB 211211A: GeV emission

Rastinejad, J. C. et al. arXiv:2204.10864 

See Talk of M. Branchesi on 7th July

Mei, Banerjee, Oganesyan, .. 
Branchesi et al. 2022; arXiv:2205.08566 
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Conclusions:
● ET and CE will send 105 BNS alers per year
● Prompt emission can be detectable with the pre-alert
● 2030-2040: Timely joint operation of ET, CE and CTA
● Detecton of 20-50 sources following pre-alert of 5min by ET and CE 

following localization better than 100 sq. deg, with 2% of CTA time.
● Observation of GRBs in VHE will put stringent bounds on Lorentz 

invariant violation.



Jul 4, 2022 Gamma-2022, Barcelona: B. Banerjee 21

Backup



SKY-LOCALIZATION PRE-MERGERS

Banerjee et al. 2022, in prep. 

BNS Events per year
15 min 5 min

   1 minmerger



Precursor, way to detect long-GRB prompt



Viewing angle 
dependence:

ET+CE

ET+2CE
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