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Observing the VHE sky with gamma-rays  

!2Figure from arXiv:1902.0842

https://arxiv.org/pdf/1902.08429.pdf


Current instruments observing the VHE sky with gamma-rays   

Figure from arXiv:1902.0842
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VERITAS HESSMAGIC
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https://arxiv.org/pdf/1902.08429.pdf


Potential EM counterparts to NSNS/NSBH

Metzger and Berger, 2012
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Recently: First detection of a GRB by an IACT!

https://arxiv.org/pdf/1108.6056.pdf


Gravitational Wave Follow-up Challenges

50%-90% credible regions of sky localisations of 
confidently detected O2 GW events (from GWTC-1) 

GW sky localizations can cover large area in the sky due to the detection technique 

Abbott, B.P., Abbott, R., Abbott, T.D. et al. Living Rev Relativ (2018) 21: 3 !5

AIP Conference Proceedings. Vol. 1381. No. 1. AIP, 2011.

Attenuation of VHE emission is almost negligible at 
the expected BNS range, even at design sensitivities 

~130 Mpc

~450 Mpc

 GW170817:  z~0.009

https://arxiv.org/pdf/1811.12907.pdf
https://link.springer.com/article/10.1007/s41114-018-0012-9
https://aip.scitation.org/doi/abs/10.1063/1.3635825


GW Follow-up programs in IACTs : Prompt reactions

GW Event 

Alert 
received

GW Scheduler

Observation

Total Time ~ minutes 

~seconds

~minutes

~10 x seconds

A GW event is triggered. After 
reconstruction, the event is 
released as a Open Public Alert 
(OPAs)  

The GW alert received and 
parsed.

Observational constraints are 
considered
Tile the sky localization using 
different strategies.

Observation starts. The schedule is 
subject to further change if considered 
appropriate. 

IACTS are specially challenged by their 

FoVs and observational constraints! 
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See C.Hoischen talk on ‘The H.E.S.S. transients alert system’

The ApJ Letters, 850:L22 (9pp)

See H. Prokoph talk on ‘MM Observations 

with H.E.S.S’ for further info 

See M.Ribo Poster on ‘MAGIC follow-up of GW events in O3’

https://doi.org/10.3847/2041-8213/aa97d2


GW Follow-up of Air Shower Arrays 

1 transit Instantaneous FoV

HAWC
Inst. FoV of 2sr (1/6 sky)
95% uptime
Energy range: 0.1-100 TeV

Real time all-sky  GRB search
Spatial grid 2.1ºx2.1º
Temporal intervals: 0.1,1,10,100s
Sliding window of 10%

Martinez-Castellanos for the HAWC collaboration !7Wood, J. (2018) arXiv:1801.01550 

https://arxiv.org/pdf/1801.01550.pdf
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TeV counterpart searches to Gravitational Waves

90% C.R.  ~1400 deg2

Manually selected regions with info from 
EM follow-up group.
Total of 2.6h, ~65.5after the GW event

21 hours after the GW event
39 consecutive 5 minutes tiling 
pointings. 
27% of the sky localization covered
With better weather conditions, 
observation would have been sensitive 
to sources with a flux greater than 50% 
of the Crab Nebula above 100 GeV

3  IFO localisation: with V1, 60 deg2

3 consecutive nights of observation 
covering the localization 

GW151226 (BBH) 
MAGIC

GW170104 (BBH)
 VERITAS

GW170814 (BBH)
H.E.S.S

GCN circular 21153 

De Lotto, B., et al (2016)

O1 O2 O2

 MS et al,TeVPa 2018

No significant excess found.

No significant excess found.

No significant excess found.

HAWC
No significant excess found.

Martinez-Castellanos et al, 2018Martinez-Castellanos et al, 2018

HAWC
No significant excess found.

https://gcn.gsfc.nasa.gov/gcn3/21153.gcn3
https://www.cambridge.org/core/services/aop-cambridge-core/content/view/F84A97773BE81B36071D59D258887F26/S1743921317001430a.pdf/magic_electromagnetic_followup_of_gravitational_wave_alerts.pdf
https://indico.desy.de/indico/event/18204/session/22/contribution/216/material/slides/0.pdf
https://indico.scc.kit.edu/event/390/contributions/4452/attachments/2245/3111/2018-09-10-LIGOfollowups-MonitoringCochem.pdf
https://indico.scc.kit.edu/event/390/contributions/4452/attachments/2245/3111/2018-09-10-LIGOfollowups-MonitoringCochem.pdf


GeV-TeV counterpart searches to Gravitational Waves

GW170817/ GRB170817A

First observation of BNS+sGRB

Through multi-messenger efforts, the source 
could be identified!

Counterpart located in galaxy NGC 4993

First evidence of a population of NS-NS 
mergers responsible for sGRBS

Further details: Astrophys. J. Lett 848.2 
(2017): L12. 

O2

What was observed in VHE?
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https://doi.org/10.3847/2041-8213/aa91c9
https://doi.org/10.3847/2041-8213/aa91c9


GW170817 follow-up in IACTs
HESS prompt observations of GW170817

The Astrophysical Journal Letters, 850:L22 (9pp)

First ground based instrument on target! 5.3 
hours after merger 

5 minutes after the update of the GW 
skymap (LV reconstruction)

Long term follow-up:

H.E.S.S. observations 
campaign covering the peak 
of X-ray /radio emission 
from December till May

Analysis in progress
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https://doi.org/10.3847/2041-8213/aa97d2


GW170817 follow-up in Air Shower Arrays 

Source localization enter the HAWC FoV 9 hours after 
merger: observed for 2.03 h
Localization at high zenith angles:

High energy threshold 
Poor sensitivity

90 C.I upper limit between 4-100 TeV of 1.7 x 10-10erg cm-2 s-1

HAWC prompt observations of GW170817

HAWC long term follow-up  observations of GW170817

Flux limits derived above 40 TeV over 9 
consecutive logarithmic time windows.

The limits are above the VHE flux expected 
for SSC from the external shock.
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Dichiara et al, TeVPA 2018

Martinez-Castellanos et al, Monitoring the non-
thermal Universe, 2018

https://indico.desy.de/indico/event/18204/session/17/contribution/36/material/poster/0.pdf
https://indico.scc.kit.edu/event/390/contributions/4452/attachments/2245/3111/2018-09-10-LIGOfollowups-MonitoringCochem.pdf
https://indico.scc.kit.edu/event/390/contributions/4452/attachments/2245/3111/2018-09-10-LIGOfollowups-MonitoringCochem.pdf


Prospects

 

Abbott, B.P., Abbott, R., Abbott, T.D. et al. Living Rev Relativ (2018) 21: 3

O3!
Number of estimated detections grow with 
the cube of the improvement on the BNS 
range! 

Starting April 2019!
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?
Sky localization will get smaller when approaching design sensitivity

★ O1 two-detector network
★ LIGO at design sensitivity
★ 3 IFO at sensitivity O2 (expected)
★ 3 IFO at design sensitivity

*face-on binary BNS system at 160 Mpc

2019+  2022+

*

*

Abbott et al. 2016, Living Reviews in Relativity, 19

https://aip.scitation.org/doi/abs/10.1063/1.3635825
https://link.springer.com/article/10.1007/s41114-018-0012-9
https://link.springer.com/article/10.1007/lrr-2016-1
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Next generation IACTs: CTA

4.5O FoV

8O FoV

9O FoV

20-200 GeV 0.1-10 TeV 5-300 TeV
✦ Key points for GW counterpart searches!
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Next generation combined: Large High Altitude Air Shower Observatory (LHAASO)

LHAASO

5195 Scintillators
- 1 m2 each
- 15 m spacing

1171 Muon Detectors
- 36 m2 each
- 30 m spacing

3000 Water
Cherenkov Cells
- 25 m2 each

12 Wide Field
Cherenkov Telescopes

Sichuan, China, 4410 m asl

HAWC

Completion of LHAASO construction expected for 2020

 Nuclear Physics B Proceedings Supplement 00 (2016) 1–8 
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https://arxiv.org/pdf/1602.07600.pdf


BASIC IDEA: higher, larger, denser! 
5000  m. a.s.l.
Southern sky
Sparse Array: 1000 units covering 221.000 m2

Dense array: 4000 units covering 80.000 m2 

Goal: Order of magnitude higher sensitivity than 
current generation instruments like HAWC

All figures from SGSO white paper

Next generation wide FoV projects: SGSO
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Complementarity between 
HAWC/LHAASO and SGSO.

https://arxiv.org/pdf/1902.08429.pdf


Prospects
Near future (O3): VHE 
following up
 Next instrument generation

VERITAS

HAWC
MAGIC

HESS

CTA-S

CTA-N

LHAASO



Back up



Sensitivity vs. time in current IACTs
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Holler, M. et al, ICRC 2015
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CTA: Prospects on GW Follow-ups

Patricelli et al. 2018, JCAP, 5, 56

Sensitivity simulations:

GWCosmos simulations for the source location and GW 
sky localisation
GRB 090510 as prototype as it should VHE extended 
emission
On axis GRB 10O

Assume power-law + cutoff at 30 GeV and 100 GeV
Pointing duration =∆T for 5σ detection at ti

Prospects 

Extra factors may come from
Considering moonlight 
observations ( ∼2 )
Higher NS-NS merger rates (∼6 )
Sub-arrays definition 
Use of galaxy distribution

3x1052

1051

1050

1049

https://doi.org/10.1088/1475-7516/2018/05/056

