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https://iopscience.iop.org/article/10.3847/1538-4365/ac1517

|ACTs: Imaging Atmospheric Cherenkov Telescopes
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Detection of VHE Gamma-rays with
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Considerations for IACTs

* Visibility conditions :
 Position of the telescopes (lon, lat)
* Maximum zenith angle possible

e Observation conditions :
* Sun and Moon position
* Moon phase

e
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Considerations for IACTs

Visibility at H.E.S.S.
Source location: (RA = 17.7° , DEC = -70.8°)
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Transient follow-up systems
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Transient follow-up systems
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ToO alert systems

Brokers: GCN, 4pisky
Facilities: IceCube, Antares
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C. Hoischen,

(2022). A&A
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https://arxiv.org/abs/2203.05458

ToO alert systems
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Cut evaluation Custom processing Visibility computation

General cut examples: If needed: _
® GRBS: : Visibility at H.E.S.S.
. Errors on the AIert.s that require r
localization region special treatment | N
. S(;RE_”OW” source e Extra calculations 0l
* Number of counts and computations
* Neutrinos:
* Signalness
* FRBs:
e DM Special cases:
 S/N
* GWs: Matches with source catalogues: SGR and
* Terrestrial probability flaring stars
* BNS, BBH or other....

Poorly localized alert (GW, GBM GRBs)

LU
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* Relatively poorly localized

* Relatively well localized events
events e
e * Position is reported as
* Position is reported as coordinate + large
coordinate + small uncertainties
uncertainties | * + Localization maps
* Standard evaluation « GWs. GBM GRBs
Neutrinos...

Special treatment
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Gravitational Wave event localization

GW 90%
region: 31 deg?

Moon: 0.5 deg?
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Ingredients for the solution

1. GW localization/probability map 2. Telescope visibility and observation constraints

HEALPix format: Pixel indices + 4 layers
1. Prob: Posterior Probability

* If has 3D info:

2. distance average * 350
. 80
3. distance error 300
. . . 70
4. distance normalization -
60
= =
§, 50 200§.
N |\ i g
£ 150 £
<.\ DU g
100
20
10 { ! =i Sun \ S0
Moon in HESS. site, P:7.4% S:89.0

« sourcein HESS. site [
0 - s5x10°2
-12-10 -8 -6 -4 -2 0 2 4 6 8 10 12 ° ! e 3 4 X

Hours from UTC Midnight

POSTERIOR PROBABILITY DENSITY/DEG 2

e
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Ashkar, H. et al. (2021) JCAP, JCAP2021(03), 45

2D solutions

3: PE9Y computation wit 4: PEOY-MAX FoV selected then masked

2: Grid used as FoV pointing centers

1: Coordinate grid using

Strateqy 1:

2D FoV-targeted
search with
coordinate grid
(PGWinFoV)

5 '/pix, 200x200 pix

5 '/pix, 200x200 pix
5 '/pix, 200x200 pix
5 '/pix, 200x200 pix

(314,10)

(314,10) (314,10)

(314,10)

—————— o] ——,———— O] | ; —————— )
1.55e-10 0.0457 1.51e-13 5.81e-05 1.51e-13 5.81e-05 1.51e-13 5.81e-0

Re-do
for next
window
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https://iopscience.iop.org/article/10.1088/1475-7516/2021/03/045

Gravitational Waves: distance is important

GW170817 at 40 Mpc G298048_preliminary-LALInference

+
. +

+ +

+
& +

0 Mpc < Distance < 100 Mpc
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Gravitational Waves: distance is important

GW170817 at 40 Mpc G298048_preliminary-LALInference

20 Mpc < Distance < 60 Mpc
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Gravitational Waves: distance is important

GW170817 at 40 Mpc G298048_preliminary-LALInference

.

32Mpc < Distance <48 Mpc
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3D solutions

Assign probabilities for galaxies
(Singer et al. 2016)

Strateqy 2:

3D FoV-targeted
search with
coordinate grid
(PGALinFoV-
PixRegion)

5 '/pix, 200x200 pix

dP  Nyx N (2= i)
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2
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GWxGAL — ZJ dpj/dV

1 —
Zi PGWXGAL =1

FoVi 2T TRV
oV .
Powxaar = /0 /0 Poow saar(r, @) drde.

2: Coordinate grid using low res maps 4: PESYVMAX FoV selected then masked
Ll

. pFov i
3: PgvxgaL COMputation
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e

Halim Ashkar — Astro-COLIBRI workshop — Bochum, Sept. 2022

IACT transients follow-up systems

0 016‘;] 0000/:3?3 0 0000@3
Re-do for
next
window
25/36



Start

Receive an
Alert

Alert Receiving \
& Archiving

qt a Duplicate?

Archive

[ye

55573 Matching of Alerts 6
N nd Program
Follow-up and Progral
Criteria
[input]
Match Science ore than 0~\L/S! S: h'QihenSt- J
Cases Matches? priorgecience
[no] /
Write

Alert

Results

Summary

Remove from

I Alert Processing I

Run custom Compute
Gvaluate Cu9 Grocessing Scrip@ C/isibility

Summarise /

Preparation and

[no]

List Reporting
[no]
Schedule ToO J&-22%) owed [yes]
edulg?
Communicate) _ [yes] Owe [yes]
by Mail ail?

asse!
riteria?

[yes]

isibl
ow? [nol

[no]

isible
later?

L

Halim Ashkar — Astro-COLIBRI workshop — Bochum, Sept. 2022

IACT transients follow-up systems

26/36



Start

Receive an
Alert

Alert Receiving \
& Archiving

qt a Duplicate?

Archive
Alert

[ye

ases &
Follow-up
Criteria

[input]

Match Science
Cases

~

Matching of Alerts
and Programs

End

[yes] Select highest-

I Alert Processlng?

Gvaluate Cu9 G

Run custom Compute
rocessing Scripts Visibility

ore than O ele |
Matches? priority Science
/ Scheduling
i Preparation and
Results Remove from o

Summary

List

Communicate
by Mail

[no]

L

Halim Ashkar — Astro-COLIBRI workshop — Bochum, Sept. 2022

IACT transients follow-up systems

27/36



GW automatic respor
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Analysis
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-

Ashkar, H. et al. (2021)
JCAP, JCAP2021(03), 45

se —H.E.S.S. example
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Pipeline identification
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https://iopscience.iop.org/article/10.1088/1475-7516/2021/03/045

H.E.S.S. response to GW alerts

Response time distribution

Gnomonic view

1 I Mean = 50.2
1 I Ashkar, H. et al. (2021) JCAP,
. JCAP2021(03), 45
£ 10 - I i
@ =~
(196.88,-23.17)
s e Outp
1 L utput 0
§ 6 " Visibility at H.E.S.S. GW170817
z - .
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1 | B e .
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I II l = NN
B === EventTime l .I
o Alert Time
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30 35 40 45 50 55 60 65 70 ]
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2017-08-17 18:27 198.19 -2598 0.16 2017-08-17 17:556 — 2017-08-17 18:48 1
I./Mﬁses. 2017-08-17 18:56 200.57 -30.15 0.05 2017-08-17 17:556 — 2017-08-17 19:01 2
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https://iopscience.iop.org/article/10.1088/1475-7516/2021/03/045
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C. Hoischen,
» (2022). A&A
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https://arxiv.org/abs/2203.05458
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Analysis Results and Alerts

C. Hoischen,

(2022). A&A

RTA results might be
used to trigger
external facilities.
Example ATCA (for
GRBs)
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https://arxiv.org/abs/2203.05458

GW follow-up observations — BBH example
GW1907/28
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H.E.S.S. and GW170817

H.E.S.S. was the first ground based facility to get on target (before the EM counterpart detection)
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Fermi/
0° X \ GBM
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«external system»
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