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https://ui.adsabs.harvard.edu/abs/2016MNRAS.459..121C/abstract


Sylvia J. Zhu, DESY

Halim Ashkar (LLR), Ruslan Konno (DESY), Heike Prokoph (DESY), Fabian Schüssler (CEA)

   and the H.E.S.S. GW group

Gravitational-wave follow-up at 
Very High Energies with H.E.S.S.“VHE”: >100 GeV



Sylvia J. Zhu, DESY

Halim Ashkar (LLR), Ruslan Konno (DESY), Heike Prokoph (DESY), Fabian Schüssler (CEA)

   and the H.E.S.S. GW group

Gravitational-wave follow-up at 
Very High Energies with H.E.S.S.

High Energy Stereoscopic System

University of Cologne

N
am

ibia

http://www.uni-koeln.de/sfb389/e/e1/download/atlas_namibia/e1_download_physical_geography_e.htm


Sylvia J. Zhu | H.E.S.S. GW program | TeVPA 2022

H.E.S.S.: High Energy Stereoscopic System
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To detect VHE gamma rays, you have to use the atmosphere as part of your detector
(or water)

Field of view ~ 20 deg2 (a few deg radius)

Energy range ~ tens of GeV to hundreds of TeV

Can repoint 100° per minute

One 28m + four 12m telescopes



Sylvia J. Zhu | H.E.S.S. GW program | TeVPA 2022

VHE follow-up of GW events: What are we looking for?
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B. P. Abbott et al 2017 ApJL 848 L12

Troja et al., MNRAS 489, 2019

synchrotron

https://iopscience.iop.org/article/10.3847/2041-8213/aa91c9/meta
https://ui.adsabs.harvard.edu/abs/2019MNRAS.489.1919T/abstract
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VHE follow-up of GW events: What are we looking for?
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synchrotron

self-Compton?synchrotron

B. P. Abbott et al 2017 ApJL 848 L12

Troja et al., MNRAS 489, 2019

https://iopscience.iop.org/article/10.3847/2041-8213/aa91c9/meta
https://ui.adsabs.harvard.edu/abs/2019MNRAS.489.1919T/abstract
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GRB 170817A: Rapid follow-up 
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H. Abdalla et al 2017 ApJL 850 L22

H.E.S.S. observed the true position within 5.3 hours of the merger, as well as on later nights

night 1

nights 2-6

https://iopscience.iop.org/article/10.3847/2041-8213/aa97d2
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GRB 170817A: Deep observations during the afterglow peak
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H. Abdalla et al 2020 ApJL 894 L16

H.E.S.S. observations during the peak of the afterglow can constrain the magnetic field strength

https://iopscience.iop.org/article/10.3847/2041-8213/ab8b59
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What about less well-localized GW events?
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B.P. Abbott et al., Liv Rev Rel 23, 2020

B. P. Abbott et al 2017 ApJL 848 L12

https://link.springer.com/article/10.1007/s41114-020-00026-9
https://iopscience.iop.org/article/10.3847/2041-8213/aa91c9/meta
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So you want to observe with your air Cherenkov telescope
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Large zenith angles result in 
poorer statistics, and you 
lose low energy photons

Too much ambient light

is bad for your cameras

Cloudy nights mean

fewer photons get through
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Effect of the Extragalactic Background Light (EBL)
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z = 0

at the source

z = 0.1

460 Mpc

z = 1

6.7 Gpc

z = 0.01

z = 0.03

z = 0.1z = 0.2

z = 0.3z = 0.5

z = 1

e.g., model of Franceschini et al. 2008

Higher energy gamma rays are preferentially absorbed by the EBL on their way to Earth

https://ui.adsabs.harvard.edu/abs/2008A&A...487..837F/abstract
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H.E.S.S. tiled observations of GW alerts
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H.E.S.S. requirements for observing mergers with …

… two black holes:

   >50% localiation probability could be covered in one night

… at least one neutron star:


>10% localization probability could be covered in one night


In O2/O3, we observed …

… one NS-NS merger: GW170817

… one NS-BH merger: GW200105

… four BH-BH mergers

(but, bad weather conditions)

H. Ashkar et al JCAP03(2021)045 

Field of view ~ 20 deg2 (a few deg radius)

GW190728_064510

https://ui.adsabs.harvard.edu/abs/2021JCAP...03..045A/abstract
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H.E.S.S. tiled observations of GW alerts
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(but, bad weather conditions)

Yes, we’re discussing mergers with only black holes, 
but this is a proof of concept for GW events in general,

and anyway you never know!

H. Ashkar et al JCAP03(2021)045 

Field of view ~ 20 deg2 (a few deg radius)

H.E.S.S. requirements for observing mergers with …

… two black holes:

   >50% localiation probability could be covered in one night

… at least one neutron star:


>10% localization probability could be covered in one night


In O2/O3, we observed …

… one NS-NS merger: GW170817

… one NS-BH merger: GW200105

… four BH-BH mergers

GW190728_064510

https://ui.adsabs.harvard.edu/abs/2021JCAP...03..045A/abstract
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From observations to upper limits
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significances

following Li & Ma (1983)

integral counts flux upper limits

assuming an E-2 intrinsic spectrum (EBL-corrected)

luminosity upper limits

using per-pixel GW distance estimates


and the E-2 intrinsic spectrum

H. Abdalla et al 2021 ApJ 923 109

integral energy flux upper limits

with the EBL-attenuated spectrum

GW190728_064510 GW190728_064510 GW190728_064510

https://ui.adsabs.harvard.edu/abs/1983ApJ...272..317L/abstract
https://iopscience.iop.org/article/10.3847/1538-4357/ac2e04
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Putting these into context
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The energy flux upper limits are

much higher than the majority of

the extrapolations of Fermi-LAT GRBs.


How to do better in the future?


-> Observe more deeply, and/or

     observe earlier

H. Abdalla et al 2021 ApJ 923 109

https://iopscience.iop.org/article/10.3847/1538-4357/ac2e04
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Prospects for O4 and beyond
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In O4, there will be many more well localized GW events

=> H.E.S.S. can spend more time per sky position.


The rate of detections will increase

=> more events will be observable by H.E.S.S. at early times.

All of our sky maps are publicly available on the H.E.S.S. webpage.

B.P. Abbott et al., Liv Rev Rel 23, 2020

https://www.mpi-hd.mpg.de/hfm/HESS/pages/publications/auxiliary/2021_BBH_O2_O3/
https://link.springer.com/article/10.1007/s41114-020-00026-9
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backup

18



Sylvia J. Zhu | H.E.S.S. GW program | TeVPA 2022

19



Sylvia J. Zhu | H.E.S.S. GW program | TeVPA 2022

20


