
 What can we learn from VHE 
transients and 

how to detect them?

- Biswajit Banerjee

The New Era of Multi-Messenger Astroparticle Physics, 
IFPU, February 2024

https://indico.gssi.it/event/603/contributions/1892/
https://indico.gssi.it/event/603/contributions/1892/
https://indico.gssi.it/event/603/contributions/1892/


GW 170817/ GRB 170817A

Stamerra, Salafia et al 2021

Credit: Ronchini
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Ongoing observation run of LVK: O4

O4 volume ~ 3*O3 volume
O5 volume ~10*O3 volumeAbbott et al. 2020, LRR
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Ongoing observation run of LVK: O4

O4 volume ~ 3*O3 volume
O5 volume ~10*O3 volumeAbbott et al. 2020, LRR

No defin
ite 

candidate BNS 

so far!
O4a O4b



GW 170817/ GRB 170817A

Credit: Ronchini
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What are we *Really* looking for 
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Time-scales
Early emission 

(~ 10 s)
Late emission 

(~minutes)

1. Pre-alert
Mergers

Pre-cursors        
collapsars

LIV - EBL
(Violent prompt emission/ 

high variability)  
EBL - IGMF

Regular GRB hunting with 
MAGIC, H.E.S.S., CTA-LST

2.



GRB hunting
MAGIC, H.E.S.S, LHAASO
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EBL - IGMF



GRBs in VHE gamma-rays
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GRB 190114C      

GRB 180720B

 Acciari et al 2019, Nature Abdalla et al 2019, Nature

https://www.nature.com/articles/s41586-019-1750-x
https://www.nature.com/articles/s41586-019-1743-9


GRBs in VHE gamma-rays
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GRB 190114C      

GRB 180720B

 Acciari et al 2019, Nature Abdalla et al 2019, Nature

https://www.nature.com/articles/s41586-019-1750-x
https://www.nature.com/articles/s41586-019-1743-9


GRB 221009A: LHAASO

LHAASO Collaboration, Science 380, 1390-1396 

GBM

LHAASO



   Notes:
- There are VHE gamma-ray transients!

Thanks to MAGIC/ H.E.S.S. 
- Second spectral (second hump) component 

due to Inverse Compton
- VHE emission during prompt is not highly 

variable!
- Stringent LIV constraints from GRB 221009A
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Pre-alert
Mergers

LIV - EBL

Short GRB: Synergy between 
Einstein telescope and CTA



Hunting sGRB in VHE
The curious case of GRB 160821B

- Observation started at ~T0+20s, 
shortest response time for any IACT 
so far.

- Excess of TeV photons detected ~4ϭ  
in the energy range > 0.5 TeV 
co-located at XRT detection of GRB 
160821B  

- Results in an upper limit  for VHE flux

13Fastest slew, ever by any IACT! 
Acciari et al 2020



Cherenkov Telescope Array (CTA)
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1. Largest ground-based Cherenkov 
telescope facility, more than 100 
IACT with two proposed sites:   La 
Palma, Spain and Chile.

2. 10X sensitivity  than MAGIC, 
HESS. 

3. Operational energy range         
VHE gamma-rays~0.01-100 TeV

4. Field of view up to ~50 sq. deg.
5. Response time of ~20 seconds. 

LSTMST

Small
Sized 
Telescope

Medium
Sized 
Telescope

Large
Sized 
Telescope

SST



Cherenkov Telescope Array (CTA)
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LST+MST+SST1. Largest ground-based Cherenkov 
telescope facility, more than 100 
IACT with two proposed sites:   La 
Palma, Spain and Chile.

2. 10X sensitivity  than MAGIC, 
HESS. 

3. Operational energy range         
VHE gamma-rays~0.01-100 TeV

4. Field of view up to ~50 sq. deg.
5. Response time of ~20 seconds. 



A bit of help from 
Gravitational waves
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ET: European 3G Interferometer:
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- Delta/ 2L shape
- Length: 10 km (!)
- Underground
- Cryogenic, Increase laser 

power 
- Branchesi & Maggiore 23

On science cases of ET

Italy to support Sardinian site



3G effort worldwide: Cosmic Explorer (CE)
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- 2L design; 40 km
- Two sites:

USA
Australia 

Gupta et al 2024

https://arxiv.org/abs/2307.10421


ET sensitivity: 
Branchesi, Maggiore et al 2023
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Analysis tools:

- Three different populations
- Flat BNS mass ~1.0-2.5 Ms
- ET-D (Sardinia)/ CE (US)/ CE(Australia)
- Lower freq. down to 2 Hz
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Santoliquido et al 2021

Dupletsa, Harms, BB et al 2023

Publicly 
Available

1. Detection of BNS during inspiral?
2. Sky-localization?
3. Pre-alert time?

https://www.sciencedirect.com/science/article/abs/pii/S2213133722000853
http://github.com/janosch314/GWFish
http://github.com/janosch314/GWFish


Sky-localization capability:

Detector Ω [deg2]
Viewing angle (<100)

15 min 5 min 1 min 0 min

ET
+

CE
100 21 71 314 3376

ET 100 3 6 13 40



Sky-localization capability:
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Detector Ω [deg2]
Viewing angle (<100)

15 min 5 min 1 min 0 min

ET
+

CE
100 21 71 314 3376

ET 100 3 6 13 40

5 min 1 min



Study of the 
prompt emission 
Spectrum
Extension to higher energies

+
Physical model for the prompt
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Slide credit: Samanta Macera

Macera et al 2024 in prep.



Tested Models
Synchrotron*HE cutoff Synchrotron + Power Law Synchrotron + Cutoff Power Law

  

  
 

  

1 2 3
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Slide credit: Samanta Macera

GRB 080916C GRB 221023A

Samanta’s
presentation



Detectability of VHE emission:
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5-sigma in 20s



Observation strategy:
- Follow prealert
- FoV of CTA

     (~10/ 30 sq. deg.)
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Observation strategy: MST

27
talert= 30s;  tslew= 90s; trep= 10s; texp= 20 s
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LIV - EBL

Pre-cursor
- Long GRBs

Long GRB: New observational strategy



Observation proposal to MAGIC
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precursors!

Notice - 1
(0-10 s)

1. Detection of a GRB: 
initial notice: Its a GRB

2. Where is it: Gives a 
location

3. Better location
4. MAGIC slews and makes 

several observations

I I

Notice - 2
(20-30s)

I

Notice - 3
(>60s)



Observation proposal to MAGIC

30

precursors!

LHAASO Collaboration, Science, 2023



Observation proposal to MAGIC
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Observation proposal to MAGIC
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More slides:



Divergent pointing:
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Offset 0.5 deg Offset 2 deg

Donini et al 2019

FoV > 40 sq deg FoV > 100 sq deg



Observation strategy: 
                     Divergent Pointing
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talert= 30s;  tslew= 90s; trep= 10s; texp= 20 s
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