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One of the main issues with Gravitational Waves (GW) follow-up 
astronomy is the poor localization of the GW events in the sky. In the 
following, the techniques used by the High Energy Stereoscopic 
System (H.E.S.S.) in order to facilitate follow-up observations and 
maximize the probability of the VHE counterpart detection are 
presented [1]. 

GW event localization problem

Ingredients for the solution
§ Localization maps: containing 2D information on the probability 

of finding the event in the sky and 3D information on its distance.
§ Galaxy catalogs: containing information on the local distribution 

of the matter in the Universe [2].
§ Telescope constraints: In the case of H.E.S.S. the constraints 

are observations at low zenith angle (< 60 deg) and under 
moderate background light from the moon. The H.E.S.S. Field of 
View (FoV) used has a 1.5 deg radius.

H.E.S.S. located in Namibia can only observe the parts that 
fall between the orange line that represent the minimum 
required moon-source separation and the blue line that 
represent the telescopes visibility at a given time. The 
simulated GW localization from [3] is represented in white. The 
star represents the true location of the GW event.  From [4].

Solution: GW follow-up strategies
Strategy 1:
2D pixel-
targeted 
search

Strategy 3:
3D galaxy-
targeted 
search

Strategy 4:
3D FoV-
targeted 
search with 
galaxies as 
seeds

Strategy 5:
3D FoV-
targeted 
search with 
coordinate 
grid

Strategy 2:
2D FoV-
targeted 
search with 
coordinate 
grid

H.E.S.S. automatic GW follow-
up module

The GW follow-up strategies are fully implemented in the 
H.E.S.S. transient system. Depending on the GW event 
information received, the GW follow-up module 
automatically filters out the non-interesting events, 
chooses a 2D or 3D strategy, and prepares an observation 
schedule depending on a series of selection cuts. If the 
GW alert is received during the night, prompt observations 
are automatically scheduled. The latency of the H.E.S.S. 
prompt response is estimated to be less than 1 minute for 
most cases (including telescope slewing). From [1].

The night is observation time windows. For each observation window the best 
position that contains the highest probability 𝑃 of finding the GW event at the 
time of observations is determined using one of the strategies. For the FoV-
targeted searches, the integrated probability inside the telescope’s FoV is 
considered. For 3D strategies, each galaxy is assigned a probability 
𝑃"#$"%&
' . The observed parts are masked and the procedure is performed again 

for the next window until the end of observations.
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H.E.S.S. follow-up of GW 
events during O2 & O3
H.E.S.S. observed 2 events during O2 and 4 events 
during O3 [10]. Except for GW170817 [5], the 
observed GW event maps lie in regions where 
galaxy information are not complete, therefore 2D 
strategies were used. In both cases the coverage 
achieved allowed to get valuable data in the VHE 
domain. From [1].

H.E.S.S. coverage of GW170814 GW event
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