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H.E.S.S.: High Energy Stereoscopic System

To detect VHE gamma rays, you have to use the atmosphere as part of your detector

(or water)
<® Field of view ~ 20 deg? (a few deg radius) ¥ Can repoint 100° per minute
MV Energy range ~ tens of GeV to hundreds of TeV W One 28m + four 12m telescopes

4{ Hinton JA, Hofmann W. 2009.
Annu. Rev. Astron. Astrophys. 47:523—-65
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VHE follow-up of GW events: What are we looking for?
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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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https://iopscience.iop.org/article/10.3847/2041-8213/aa91c9/meta
https://ui.adsabs.harvard.edu/abs/2019MNRAS.489.1919T/abstract

GRB 170817A: Rapid follow-up

H.E.S.S. observed the true position within 5.3 hours of the merger, as well as on later nights
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https://iopscience.iop.org/article/10.3847/2041-8213/aa97d2

GRB 170817A: Deep observations during the afterglow peak

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

Too much ambient light Cloudy nights mean Large zenith angles result in

is bad for your cameras fewer photons get through poorer statistics, and you
lose low energy photons
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Effect of the Extragalactic Background Light (EBL)

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

100%

10%

1%

unabsorbed percentage

0.1%

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

101

109 101
photon energy (TeV)

104

at the source

0.1 Z =

Z:

460 Mpc 6.7 Gpc

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


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

H.E.S.S. requirements for observing mergers with ...
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https://ui.adsabs.harvard.edu/abs/2021JCAP...03..045A/abstract
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H.E.S.S. tiled observations of GW alerts

H.E.S.S. requirements for observing mergers with ...
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From observations to upper limits
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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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How to do better in the future?

-> Observe more deeply, and/or
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Prospects for 04 and beyond
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All of our sky maps are publicly available on the H.E.S.S. webpage.
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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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Table 2
Spectral Indices () at a GW Event’s Corresponding Redshift (Abbott et al. 2019, 2021a) and at Ey, Assuming an Intrinsic E 2 Spectrum
GW Event Redshift YE = Ey, 2= 2gw) Energy Range (TeV) Coverage Tstarts Tstop (8)
GW170814 0.127903 2.73 0.42-34.80 75.4% 2.22 x 10°, 4.10 x 10°
GW190512_180714 0.27-0% 3.50 0.31-38.31 34.5% 1.84 x 10, 2.82 x 10*
GW190728_064510 0.187003 2.98 0.35-26.10 50.8% 4.88 x 10*, 7.28 x 10*
$200224ca 0.29 3.08 0.24-38.31 62.13% 1.07 x 10%, 1.59 x 10*

Note. The redshift for S200224ca was estimated from the distance in LIGO Scientific Collaboration & Virgo Collaboration (2020b) using the cosmological parameters
from Ade et al. (2016). The energy range used to derive the specific integral upper-limit maps and the corresponding coverage are presented in the fourth and fifth
columns, respectively, and the sixth column lists the start and end of the H.E.S.S. observations of the GW event, as calculated from the reported GW merger time.

Energy Flux, Event-specific

Luminosity, Standard

GW Event (erg cm 2 s ) (erg s

Mean Standard Deyv. Mean Standard Dev.
GW170814 3.7 x 10712 1.8 x 10712 1.3 x 10* 9.8 x 1043
GW190512_180714 3.1 x 10712 1.5 x 10712 9.9 x 10* 4.7 x 10*
GW190728 064510 2.6 x 10712 1.3 x 10712 3.2 x 10% 1.6 x 10*
S200224ca 2.7 x 10712 1.2 x 10712 1.9 x 10% 8.8 x 10*

Note. The first column lists the GW event discussed in this paper. The second and third columns list the mean and standard deviation of the GW event-specific energy
flux upper limits, not corrected for EBL absorption and calculated with the event-specific energy ranges and indices (Table 2). The fourth and fifth columns list the
mean and standard deviation of the upper limits on isotropic luminosity, calculated from the EBL-corrected energy fluxes assuming an £~ source spectrum over a

1-10 TeV energy range and using the per-pixel luminosity distances. These values are plotted in Figures 4 and 5.
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