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Science cases with large uncertainty in the localisation

e The localisation of various multi-messenger events presents very large uncertainties

e Range goes from from tens to thousands of squared degrees

e Examples are: Fermi-GBM gamma-ray bursts, LVK gravitational waves, cascade IceCube
neutrinos
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e For mid/small-size telescope, this is a big challenge =  Observation strategies
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https://gcn.gsfc.nasa.gov/doc/High_Energy_Neutrino_Cascade_Alerts.pdf

tilepy

e Set of python algorithms providing an observation scheduler, in a fairly complex scenario

e Originally developed for the followup of gravitational waves with very high energy
Cherenkov telescopes (H.E.S.S. experiment)
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Ashkar, H., SA, M, et al., (2020). The HESS Gravitational Wave Rapid Follow-up Program. JCAP2021, 2021.03: 045
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Tl j e ) P \/ Observation constraints

e The consideration of the observation constraints of the telescope is needed to schedule
observations

e Main constraints come from the Sun and the Moon
e Example: astronomical darkness, observations with moon (extra requirement to
parametrise the separations skymap-moon, moon phase..)

o Effects of the atmosphere.

e Examples: dependency of the energy threshold with the zenith angle of the showers,
airmass for optical telescopes

Example for H.E.S.S. CT5
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til @/ DY Algorithm selection depending on the use case

The selected algorithm will depend on: k Distance Estimates? U
Science case Yos . — ~—_ No
Characteristics of the instrument (- ) _J

{ Pass distance cut?

Two main classes: L

* 2D algorithms use 2D probability distribution t Galactic Plane? ,
of the localisation | No Yes
3D algorithms use galaxy catalogs to l\l |

associate a probability of a galaxy to be the 2D algorithm ’
host of the event

Use of information from a galaxy catalog to obtained a weighted probability per galaxy of hosting
the event.

Parameters to use: stellar mass, BNS merger rate, B-luminosity, K- luminosity...

Depending on the telescope FoV: galaxy-targeted strategy or FoV-integrated probability
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Ashkar, H., SA, M., et al., (2020). The HESS Gravitational Wave Rapid
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le / DY Probability Selection Algorithms

* Definition of probabilities:

* 2D Algorithms: 2D localisation uncertainty region of GW sky map

4: PESY-MAX FoV selected then masked

3: PLSY computation with high res maps

2: Grid used as FoV pointing centers

1: Coordinate grid using low res maps
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Optimisation in the skymap treatment:

e Parallel use of a high-resolution and a low-resolution skymap

e Coverage optimisation by masking observed regions

5.93256e-05

9.90201e-23
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e Ashkar, H., MSA, et al., (2020). The HESS Gravitational Wave Rapid
Follow-up Program. JCAP2021, 2021.03: 045

CIPYy Probability Selection Algorithms

* Definition of probabilities:

* 2D Algorithms: 2D localisation uncertainty region of GW sky map

4: PESY-MAX FoV selected then masked

3: PESY computation with high res maps

2: Grid used as FoV pointing centers

1: Coordinate grid using low res maps
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* 3D Algorithms: obtain 3D posterior ‘GW x galaxy’ probability distribution using GW skymap and
galaxy catalogs (e.g. GLADE+)

4: PLOY. MAX FoV selected then masked
-

3: PLiY. A COMputation

2: Coordinate grid using low res maps

1: Calculate P, .. for each galaxy
-
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til :/ DY Where can you find tilepy

, _ GW170817 with tilepy

« A good schedule strategy will make the difference. e o o o

e Tilepy is currently being used in H.E.S.S., LST and CTA-C

* Early release is available in Github: astro-transients/tilepy § |

* API: tilepy.com. Cloud-based computing of GW follow-up § st 25
schedules using tilepy is provided by the Astro-COLIBRI platform.

* User interface via astro-colibri.science now available! 30 ...................... —

Right Ascension (J2000)

Ashkar, H., SA, M., et al.,
(2020). JCAP2021, 2021.03: 045
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The future: Generalising the methods

« Generalisation to N-small/mid FoV observatories
« Number of observatories: 2 observatories that follow-up the same event already included
 Type of observatory

H.E.S.S.(red) & LST(blue) visbility at 2022-04-02 18:08:10

« Other science cases:

5.81673e-05

Equatorial

« Fermi-GBM GRB follow-up observations:
2D treatment of the uncertainty regions

* |ceCube neutrinos in the near future!
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Thanks for your attention!
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Back up



Uncertainty regions: GW sky maps and galaxy catalogs

* 3D GW sky maps: posterior probability distribution
Gaussian likelihood and a uniform-in-volume prior f;.: mean

0; : scale

A

N;: normalization
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Singer, LP,, et al., APJ Letters 829.1
(2016): L15 arXiv: 1603.07333

* Combine the posterior probability distribution with the local distribution of sources (r)
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=> We have a probability per pixel p(r,#) and we can obtain a probability of the galaxy to host the event p.. .
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