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\What do observations and theory predict for Tev emission?

Can We Unveil TeV Emission from GW Counte
Do We really Care?® hat do we Learn from Tev emission?
Who's Intrigued and Ready to Divein®
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GRB formation and evolution
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GRB formation and evolution: structured jet

» A structured jet is formed at breakout

LoNG GRBs
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Gamma-ray bursts: fireball model

* Synchrotron emission

- emission of underlying electron population
with power law distribution ~E-P

- Allow to predict the spectral energy
distributions (SED) and lightcurves

+ Cooling —> time evolved SED

- Different Lightcurves in different bands

The New Era of Multi-Messenger Astroparticle Physics
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Gamma-ray bursts: fireball model

* Synchrotron emission

+ emission of underlying electron population

with power law distribution ~E-P

- Allow to predict the spectral energy
distributions (SED) and lightcurves

+  Other components other than synchrotron?

The "monster" GRB
GRB130427A

I GRBLIO42FA the Gev
excess, while higher thaw the
burnoff Limit, could be explained

with sywchrotron emLssLon (see
e.g. glllggranot 2022).
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The burnoff limit

Maximum energy above which the timescale for radiative synchrotron losses becomes shorter than

the acceleration timescale

E;)}lr)r?,max ~ 50 MeV xI' / (1 —— z) deceleration: I" decreases
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http://adsabs.harvard.edu/abs/2018IJMPD..2742003N

The burnoff limit

Maximum energy above which the timescale for radiative synchrotron losses becomes shorter than
the acceleration timescale

E obs ~ 50 MeV xI' / ( 1 + z) deceleration: I" decreases
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GRB190114.C: the high energy SEDs

nature DOI: 10.1038/541586-019-1750-x I ’ nature DOI: 10.1038/s41586-019-1754-6 e e —— e — e —————— ——
Article | Published: 20 November 2019 | Article | Published: 20 November 2019 ( - ] = - |
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the y-ray burst GRB190114C emission from along y-ray burst ﬂ B N o N ) -~ __ , _ _ |
MAGIC Collaboration MAGIC Collaboration, P. Veres, [...] D. R. Young
Nature 575, 455-458(2019) | Cite this article Nature 575, 459-463(2019) | Cite this article
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Abstract Abstract _7 ,
Long-duration y-ray bursts (GRBs) are the most luminous Long-duration y-ray bursts (GRBs) originate from ultra- 1 O I | I
sources of electromagnetic radiation knownin the relativistic jets launched from the collapsing cores of dying =
Universe. They arise from outflows of plasma with massive stars. They are characterized by an initial phase of -
velocities near the speed of light that are ejected by newly bright and highly variable radiation in the kiloelectronvolt- I O Q
formed neutron stars or black holes (of stellar mass) at to-megaelectronvolt band, which is probably produced = -.-“.
cosmological distances'2. Prompt flashes of within the jet and lasts from milliseconds to minutes, -0 — -
megaelectronvolt-energy y-rays are followed by a longer- known as the prompt emission’2. Subsequently, the -O-
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MAGIC Coll. et al., Nature,575,459-463(2019)
https.//www.nature.comyarticles/s41586-019-1754-6
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GRB190114C: modeling with SSC afterglow radiation

First modelling of broad-band and TeV emission from a GRB
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GRB190114C: modelling physical parameters

+ SED and light curves probe different external environments

+ MWL data are key to constrain the phy5|cal parameters (Jet
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VHE emission deep in the afterglow

H.E.S.S. observations of GRB180720A and GRB 190829A
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A very-high-energy component deepin the y-ray burst
afterglow

H. Abdalla, R. Adam, ... O. J. Roberts 4+ Show authors

Nature 575, 464-467 (2019) | Cite this article
6508 Accesses | 83 Citations | 383 Altmetric | Metrics

Abstract

Gamma-ray bursts (GRBs) are brief flashes of y-rays and are considered to be the most
energetic explosive phenomena in the Universel. The emission from GRBs comprises a short
(typically tens of seconds) and bright prompt emission, followed by amuch longer afterglow
phase. During the afterglow phase, the shocked outflow—produced by the interaction
between the ejected matter and the circumburst medium—slows down, and a gradual
decrease in brightness is observed2. GRBs typically emit most of their energy via y-rays with
energies in the kiloelectronvolt-to-megaelectronvolt range, but a few photons with energies
of tens of gigaelectronvolts have been detected by space-based instruments2. However, the

L —— S
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the burst
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from ~4 hrs up
to ~2 days after
the burst!

Revealing x-ray and gamma ray temporal and
spectral similarities in the GRB 190829A afterglow

H.E.S.S. Collaborationt*

Gamma-ray bursts (GRBs), which are bright flashes of gamma rays from extragalactic

sources followed by fading afterglow emission, are associated with stellar core collapse events.
We report the detection of very-high-energy (VHE) gamma rays from the afterglow of

GRB 190829A, between 4 and 56 hours after the trigger, using the High Energy Stereoscopic
System (H.E.S.S.). The low luminosity and redshift of GRB 190829A reduce both internal

and external absorption, allowing determination of its intrinsic energy spectrum. Between
energies of 0.18 and 3.3 tera—electron volts, this spectrum is described by a power law with
photon index of 2.07 + 0.09, similar to the x-ray spectrum. The x-ray and VHE gamma-ray light
curves also show similar decay profiles. These similar characteristics in the x-ray and gamma-ray
bands challenge GRB afterglow emission scenarios.
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VHE emission deep in the afterglow
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= TeV emission follows the X-ray emission
(decay slope and flux)

Spectrum extending up to 5 TeV

SSC-only

& ATCA

Salaﬁa et al. 2021

- H.E.S.S. observations of GRB180720A and GRB 190829A (z=0.078)
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TeV emission from external Compton in short GRB

Simple top-hat jet with external Compton from external radiation field

(jet, cocoon, stellar emission, ...)

THE ASTROPHYSICAL JOURNAL, 854:60 (13pp), 2018 February 10
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Figure 10. Light curves of high-energy gamma rays generated by external
inverse Compton radiation, for E = 100 GeV. Three different viewing angles
(measured from the jet axis) are considered, and extended emission with
T, = 10" s and plateau emission with 7, = 10* s are assumed as seed
photons. The distance 1s set to d = 40 Mpc.

Murase et al.

The afterglow parameters are , n = 10-3 cm-3, €e = 0.1, eB=0.01,5s =2.2, and §; = 0.2.
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Figure 11. Gamma-ray spectra corresponding to Figure 10. For extended
emission with 7, = 1023 s, the spectrum at f = 10 s is shown (top curve), and
the viewing angle is set to # = 0°. For plateau emission with 7, = 10 s, the
spectra at t = 10* S. =29 X 10% s,and r = 8.2 X 10° s are shown (from the
second top to bottom), and the viewing angles are § = 0°, # = 15°, and
6 = 30°, respectively.
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GRB 221009A with LHAASO

Indication of high-B -> pointing flux dominated jet”
° H Ighest 13 Tev emISSIOn ! Dai et al.2023Apd...957L..32D
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LHAASO Coll. et al., Science, 9,46 (2023)
https.//www.science.org/doi/10.1126/sciadv.adj2778
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The next frontier: chasing the GW counterparts

Hint of detection on the short GRB160821B by MAGIC

associated to a kilonova Lamb et al. 2019, Troja et al. 2019

Short GRBs are associated to mergers of compact binaries
and GW events (e.q. GW170817 - GRB170817)
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MAGIC Coll. ApJ, vol. 908 (2021)
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GRB formation and evolution: structured jet

» A structured jet is formed at breakout

LoNG GRBs
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GRB formation and evolution: structured jet

» A structured jet is formed at breakout

* Theoretical models (e.g. GRMHD
simulations) predict a structured jet;  Jetformation

confirmed by observations

53

: (A) Real source image
Radio images of % =
GRB/GW 170817 £
207 d after merger A
%
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Ghirlanda+2019
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GRB formation and evolution: structured jet

* A structured jet is formed at breakout O

.. LoNng GRBs
* Observed emission depends on the

viewing angle and jet lateral structure. Jetformation o .=
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Salafia&Ghirlanda 2022
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The role of structured jets

+ Enerqgy emission depends on the jet structure

- Emission expected also at larger viewing angles (high-latitude emission)

iso(ev) / Eiso(o)

Top-hat jet

~ Ojet =30

1 || I
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OF/OC = 2.() m—

Uniform s

Structured
(gaussian) jet

Salafia et al. 2015,
Branchesi et al. 2022
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Branchesi, AS et al. 2022

The role of off-axis observations

flux

off-axis observer

A
flux

edge-on observer

flux

accretion disk

(From Troja et al 2018)
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A on-axis observer

remnant

Relativistic outflow
/ (jet) '>100

neutrino-driven winds
<v>~0.1c

dynamic ejecta
e © 0
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edge-on observer

flux

off-axis observer

The role of off-axis observations

A on-axis observer
flux [

y

time Relativistic outflow
(jet) I'>100

A
flux

neutrino-driven winds
N> =) e

dynamic ejecta
<No=10.]:€

accretion disk

v

time

remnant

Fig. 3 Jet structure and afterglow emission of a simulated short gamma-ray burst structured jet.
The left panel shows the co-moving rest-mass density in a snapshot of a relativistic hydrodynamic
simulation of a gamma-ray burst jet that breaks out of kilonova ejecta. The lower right panel shows
the angular isotropic equivalent kinetic energy distribution in the jet (blue line) and the bulk Lorentz
factor (orange line). The upper right panel shows the 3 GHz light curves from the afterglow of such
a jet decelerating in an interstellar medium with number density 4.2 x 1073 cm™3, seen under a
33° viewing angle, at a 40 Mpc distance. Different curves show the contribution to the emission
from the angular portions of the jet indicated in the left panel. The purple points show the light
curve of GRB 170817, which is well explained by the model. (Reproduced with permission from
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The role of off-axis observations: MeV and TeV emission

- surface brightness [MeV

+ TeV emission scaled (20%) from MeV emission
(+internal absorption)

0.1

] 1e48 erqg/sr
T I e 9¥00

0.0

Osing

:—10_2

— 34
0
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Figure 6. The arrival time delay between TeV and MeV photons and the &
duration of GRB prompt emission at the MeV energy band as a function of —0.3 150
the emission region radius. The spectral and jet parameters are the same as '

in Fig. 2. Note that the viewing angle is set to 6,, = 0.38.
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TeV emission from GW counterparts: an off-axis GRB

observer

GRB190114C| T

-
o
A

+ GRB afterglow: beamed emission, I'>100,

N
o
&

. R VHE_TeV

-
o
®

time evolution

Flux [erg/cm2/s]
8 I

||+ 1-10keV (x10)
10 "0 4 0.1-1GeV
4 optical r
-14|| 4 0.3-1TeV (x1000)
97.5 GHz
18 GHz
21 a1l

* intensity boosted ~I3

+ light curve decreasing ~ t15
(depending on frequency)

' On-axis
observer
*?A 0V=Oo
GRB (jet) 8 \
A
=
_____________________________________________ - >
Time

Troja, Piro+2017
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TeV emission from GW counterparts: an off-axis GRB

observer
Off-axis

On-axis
observer
> 7 6, = 0°
. ' 1CC ~ | GRB (jet) &
High enerqgy emission from_GW - (jet) : m/\
counterparts is seen off-axis, I'~a few = sl 4L
. . ')
*intensity weaker 10-4-6 .
Intermgdiate-angle
+ light curve Delayed (hours-days- > igggo o N
months, depending on Oview) gt 31 GW170817
= Tme = —— > “Troja, Piro+2017
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TeV emission from GW counterparts: an off-axis GRB

. . . -2
- Small viewing angle: bright, 107 noo XM
. eview/deg
steady fading _ Light curve e
&~ 107 1TeV cwiso817-like == 5
Cherenkov ', @ — 10
= Fast reaction telescopes T | GW°°“”te“’a” — .
sensitivity \ e 30
o 2 10" \ -
- larger viewing angle: weak, 5
. . L -15
delayed emission B \\\
o]
. W] SSC model from -
- ImPrOve SenS|t|V|ty @TEV evolving structured jet \
[ L
-1 day Time [days]

AS&Salafia et al., 2021, ICRC,
https://pos.sissa.it/395/944/
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Chasing the VHE counterpart of GW:

n=5x10"2cm™3

strateqgies and optimisation

—_
S
~

-+ Small viewing angle: bright,
steady fading

—_
-
©
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|
—
—
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—
w

- larger viewing angle: weak,
delayed emission
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= Improve sensitivity @TEV
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+ GW uncertainty location

= optimise observation
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100 10
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IPN Fermi /
IIIIIIIII

AS&Salafia et al., 2021, ICRC,
https://pos.sissa.it/395/944/
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GW and GRB at TeV energies

+ No detection of VHE (20 GeV-100 TeV) emission from GW counterpart.
GW170817 - H.E.S.S. (notimmediately visible to MAGIC and VERITAS)
* First ground telescope to point to the source location (NGC4993)

10° pr— ! ! | _, r ! 1 ;
[ ' Fermi-GBM detection of sGRB ' ' ' ‘

NIOPS Lt o pvinsias ensenmmanssilinssssmserra RO NI I TR MR AR o ey it o X S P YRS DTS N8 S FE A A A S g
A ' (GCN 21528, Goldstein et al.) ' ? f ?

q INTEGRAL detection of SGRB ¥ 33 ? Models from

10- __; ..... 7 5. keV . <-E < 2 Mev oud LE GR'D/MCAL limits: (99/0 CL) ...................................................... T - -
. (GCN 21507, Savchenko ot aI 2017) E >30 MeV ; | K. MWCISG etal, AP] (2018), 854 : |

109_ (Verreﬁn&etal 2017) .. Tt LT T LTRTrr (TIPS - Bscension 0
[ ' 1 - 5 ¥ \\HAWC (90% CL, 4<E<100 TeV) ; ‘

Ni-LAT limit (95% CL) -
1mf: ? : : m01<

declination

R (a) SSS17a: H.E.S.S. pointings

30° \ 1 Swope +10.9 h
LIGO/ 5 — Y
irgo 4 ) |

Energy Flux (Upper Limit) [erg / (cm? s)]
-
o
o

03[ K.Murase et al., arXiv:1710. 10575 ........ ROV SHN: ) .’.".'..E...XS...(.9.5%.¢|.-.) ................ N i \ '-_" 5
. | 100GeV, f=0deg 3 i N} f (A | | p—
T R T 0_15“\.. e A

10-15 L i i : ! 4 : ; ; ‘ \ \ | S

0107 100 101 102 103 104 105 10° 107 A N

Time since detection of GW170817 |s] ’

Abdalla et al. (HESS coll), 2017, ApJL, 850, L22
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GW e.m. counterparts

Binary Neutron star mergers (BNS) = short GRB,

suggested (since Eichler+1989), expected (GRB0O50724, Berger+2005)
and observed (GW/GRB170817)

BH-BNS = short GRB? e.q. Berger+2014, Barbieri+2020,
ROssi+2019 e.g. GRBSs 0505098, 061201.

BH-BH: ?? no EM emission expected (but Loeb+2016, Perna+2016,
Murase+2016,...)

SN collapse: long-GRB? (LIGO coll. 2014, LVC 2021)

suspended accretion

(magnetic field) T

stellar core

rotational instabilities nonaxisymmetric instabilities / fragmentation fragmentation

The New Era of Multi-Messenger Astroparticle Physics Antonio Stamerra (INAF-OAR)
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The era of gravitational waves

Strain (10%)
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GW sources and detection: properties of the merging binary system

Orientation
GW150914

luminosity distance-inclination

| ocalization

GW170104
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HV —& 800 —— Overall
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GW sources and detection: properties of the merging binary system

GW170104
HL
S VT151012
GW151226
HV —f§
5 GW170817

GW150914

PDF

A

GW170814

LIGO/Virgo/NASA/Leo Singer
(Milky Way image: Axel Mellinger)

OO | 1 i | | i i i
0 10 20 30 40 50 60 70 80 90

binary inclination [deg]

Schutz 2011
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Frequency (Hz)

Who's Intrigued and Ready to Dive in?

Inspiral
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:OPEN QUESTION: How do we
correlate GW properties (and
‘geometrical properties) into
e.m. non-thermal emission
(and VHE emission)?

Phenomenological
approach: random
connection with
population of short-GRB
(treated for off-axis
emission) —> next slides

Theoretical approach: GW
outflow parameters —>
e.m. emission parameters

No referencel!! Any help?é
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TeV instruments in operation

H.E.S.S. (Namibia) MAGIC (La Palma)
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TEV Transients with |ACT3

Haunting for transients: IACTs have the required performances

v Big effective area ™ photon statistics

v Low energy threshold (~50 GeV)
v For MAGIC: speed ~7 deg/s; automatic repointing

v Observations in moon-time

Fermi—LAT
MAGIC (2013)
75 GeV

100 GeV

Fermi/LAT

MAGIC

—~
N
£
o
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S
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Gamma
ray

Particle
shower

Fermi/LAT
~1 m?2

~ 10 km
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CTA performances: Sensitivity - transient and flaring sources

Differential Flux Sensitivity E<dN/dE (ergcm™@ s

Hioh statis
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~xtended "spectral arm leverage”
IcS (=precision) on flares

www .cta-observatory.org/science/cta-performance/ (prod5-v0.1)

- Big effective area ™ photon statistics
- Energy range (~50 GeV up to >10 TeV)

+ Angular resolution:

ray

Particle
shower
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TeV-GRBs: the gamma-ray horizon

+180

Galactic coordinates

B Name K B RA K B Dec M

GRB 180720B 00 02 07.6 -02 56 06
GRB 201216C 01 05 28.88 +16 30 58.0
GRB 190829A 02 58 10.51 -08 57 28.1
GRB 190114C 03 38 01.17 -26 56 46.73
GRB 160821B 18 39 54.71 +62 23 34
GRB 221009A 19 13 03 +19 48 09
GRB 201015A 23 37 16.42 +53 24 55.8
1-7

The New Era of Multi-Messenger Astroparticle Physics

-— — -

357 Swift GRBs

with redshifts

B Type B B Discoverer @ B Date M
A A
GRB eSS 2019.05
GRB MAGIC 2020.12
GRB H.E.S.S. 2019.08
GRB MAGIC 2019.01
GRB null 2016.08
GRB LHAASO 2022.10
GRB MAGIC 2020.10

Antonio Stamerra (INAF-OAR)

O
#
—
—
o
(@)
—
a8
i
O

10~ 10"
redshift

Farthest TeV source

B Dist & talog &
A

z = 0.654 Default Catalog
z=1.1 Newly Announced

z = 0.0785 Default Catalog

z = 0.4245 Default Catalog
z=0.16 Source Candidates
z =0.151 Newly Announced
z=0.43 Source Candidates
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TEV Transients with IACTs

Gamma-rays : R e :
from jet of Quasar

+ NN

Emitted spectrum: . d ¥
. - . I . 3 ‘.‘
3 Rt |
SR D
= : o

| Backgr‘ound light
 Energy’ Lo ' .
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Observed spectrum

.

high absorption

low'absorption
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unabsorbed percentage

357 Swift GRBs
with redshifts

GRB190114C

GRB 190114C
=== GRB 180720B
GRB 190829A

small z

observed\spectrum

10° 10*
photon energy (TeV)
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TEV Transients with IACTs

Gamma-rays
from jet of Quasar "

B

Observed spectrum

.

Emitted spectrum. :
B SR B |
‘ _ Background light low “b“"l’”""
~ Energy p
. ' Intergalactic I\/Iagnetlc

Field (IGMF)

Antonio Stamerra (INAF-OAR)
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unabsorbed percentage

357 Swift GRBs
with redshifts

GRB190114C

GRB 190114C
=== GRB 180720B
GRB 190829A

small z

observed\spectrum

10° 10°
photon energy (TeV)
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The CTA arrays

i e i 3 o - = Alpha: 4 Large, 9 Medium

e 'é:“i""f‘;‘éf' T e R 15 Medium
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-

-
o 4

Angular resolution: 3 arcmin at 1 TeV

Field of view: ~8 deg (diameter) Southern Site: Paranal, Chile
Energy resolution: 7% at 1 TeV Alpha: 14 Medium, 37 Small




PERSPECTIVES ON GW ALERTS WITH CTA

FOLLOW-UP OF GW EVENTS WITH ET AND CTA; JOINT RATES
(BANERJEE ET AL. 2023, A&A 678, A126)

e Simulation of the GW events with a population of
BNS

® Redshift <1.5

® Face-on events (inclination <10deq)
® Assumptions on the associated TeV emission

® Fisc 1042-1053 (0.2-1 TeV)

e Power-law model with cutoff and with EBL
e Observational constraints on CTA observations

¢ Slewing time (20/905)

® Duty cycle 15%

e Visibility Zenith angle <6odeqg (50%)

The New Era of Multi-Messenger Astroparticle Physics
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PERSPECTIVES ON GW ALERTS WITH CTA

event ID: G331310

50% area: 213 deg?
90% area: 749 deg?

60°

— .. skymap
R

Synthetic GW-GRBs

Phenomenological

model of VHE emission CTA
of short-GRB

Simulation of CTA
response (set of IRFs)
gammapy, ctools

M Flux[1/(cm2sTeV)]

GRB

10-7 4 . ~-,:;::_-_»:;___>\ K

=
o
o

-
o
A

spectra

temporal

v

it scan

0® 10*
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[[[[[

CTA tiling
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EXPECTED RESULTS

+

*

Joint GW-CTA rates

Optimization of observing
strateqgy

+ Maximize detection rate

+ Maximize physical
interpretation return

Optimal parameter space of GW-
GRB

+ physical (luminosity, spectral
shapes...)

+ observational (time delays,
integration times)
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PERSPECTIVES ON GW ALERTS WITH CTA

eeeeeee o GW
50% area: 213 deg?
90% area: 749

skymap

EXPECTED RESULTS

+ Joint GW-CTA rates

- /
0° / ; .
U\ 21h 18h
> \
-60°

GRB

-

Optimization of observing

v/ CBC catalogs for 05 and 06 (Petrov et al. 2022) strategy
o |Qolqdes BNS., BH-NS, BBH systems, isotropically + Maximize detection rate
distributed, with 3D skymaps
e Reflects the operating conditions of CTA and GW + Maximize physical
interferometers. interpretation return

Possibility to implement Einstein Telescope (ET) simulations with

preliminary studies and then in the context of CTA-O. Optimal parameter space of GW-

GRB

temporal .| A= + physical (luminosity, spectral
scan 1 (S shapes...)
I o ' ,,,,, | + observational (time delays,
::6_8—66 ......... - — ........... IO—_SS i nteg ratio n ti m eS)
T CTA tiling
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The synthetic-GRB module

1047@""'"“1 B
- GRB catalogue containing models for
. 31044
each GW-event with the expected M
emission in the CTA energy range I
- empirical (model-independent) "
. F oo Lx (11h) 3
. light-curves and spectra wob oy ]
SynthEtlc GW-GRBs 109 10% 104 E10[5° | 101 102 1053
iso LErg
Phenomenological L — —
model of VHE emission L1 Vi} from BNS cat (B.P.) e ARasenE e Jet opening
107 I E
of short-GRB assigned randomly from distribution Ghirlanda+16 . kbt
from empirical correlation, Nava + 2014 30’1050:
‘ <— replaced with X-ray luminosity—@ 10
sxtrapolation of LAT spectrum to CTA energy range . ,
0 Jet opening angle B¢qre [deg]
Bview + t structured N — ey
CTA spectra : e ey
z, EBL Fera as a function :
off-axis of time Eg,_lg DETECTABLE!

-1 0 1 2 3 4 5 6
log Time T-TO [s]
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The synthetic-GRB module

Simulation of CTA

response (set of IRFs)
gammapy, ctools

Table with 2307 events with 1200 observing

combinations: 2,768,400 total records

® Zenith angles: 20-40-60 deg
¢ |IRF: xand Q2 (E>30 GeV)

® N/S sites

e Start time/delay To: 10 s -> 7 days

® Detection checked with

® |ntegration time (exposure):10s —> 1 hr

detection ongoing

The New Era of Multi-Messenger Astroparticle Physics

Study on the correlation between physical/
phenomenological parameters and
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Simulated GW CTA events

CTA-S sensitivity

Reference line slope 2.1 30 minutes integration time
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Simulated GW CTA events
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First preliminary results - 1. detectability

III .

“Rea
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joint rates need to consider the BNS merger rates
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What is CTA?

Chasing Gravitational

///l ICRC2023

cherenkov.
telescope:

J. G. Green®', A. Carosi®, L. Navac, B. Patricelli®¢, F. Schisslere, M.
Seglar-Arroyof, and A. Stamerra® for the CTA Consortium

MAX-PLANCK-INSTITUT
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« Cherenkov Telescope Array (CTA) is the next-gen gamma-ray observatory

+ GW170817 was the first binary neutron $tar (BNS) merger event where a
GW signal and EM waves detected in coincidence for tHe first time

. This work evaluates the posibility of detecting GW + gamma-ray events

«=We presentour simulations, observing strategy, and detection estimates

ersitat Minchen
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functions provided by the CTA Consortium and
Observatory, see
www.cla-observatory.org/science/ctac-performance for
more details.

Rendering of CTAO South. Image credit: CTAO

GWs & short GRBs

- The Cherenkov Telescope Array (CTA) is a next-generation
ground-based observatory for gamma-ray astronomy

« Two sites, one in the Northern Hemisphere and one in the South
« Three sizes of telescopes: Large, Medium and Small

« Large field-of-view, quick slewing times, unparalleled sensitivity

Rendeting of CTAOT

Follow-up strategy

Estimating exposure times

After a GW alert arrives, there is a delay
(latency) before the telescopes can

" Why the delay?
start searching for the source. 1. Time for alert to arrive
By comparing the delay t, to the total 2. Telescope repositioning
exposure time t,,, we can determine 3. Searching the large

the percentage of simulated events
detected at 5a (color scale).

Optimizing the CTA strategy

« Scheduler selects region with the highest probability in the skymap
« If source is not detected, it iterates to the next best visible position
« After visibility constraints, 8% of events can be followed up

« Of these, 4.5% of all events have the true source position covered

uncertainty region

on-axis ™ off-axis e
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®
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Figure 3 Number of events for which the observer is located within the light cone of the GRB et
{on-axis, eft) and outside of the light cone (off-axis, right) binned by viewing angle 6,
- The shorter blue bars show the distribution of events that were followed up by the Scheduler,
while the taller orange bars show events that were not followed
+ Events are not scheduled for follow up due to visibility constraints, such as region of the skymap
i ible to the tel if the avail window i fora i

- GRB/GW170817 showed that BNS mergers can produce short GRBs
i ission from 2000+ BNS events
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Figure 1 Panel (a): Light for crB toa GW event.

Panel (b): spectra at different latencies for the same event. For reference, the sensitivities of CTA

reportedt in (a) the dashed lines show the CTA sensitivities at energies of 25, 100 and 250 GeV; in (o) the

points represent the CTA differential sensitivity for an integration time of 30 minutes.
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Figure 2 Example (blue lines):
« Overall detectability of short GRBs with CTA .« Consider a GRB with a jet pointed <10° away
d CTA forthe  + (latency) of 10m until i i
‘entire sample of simulated events given + Exposure time of 1m in real direction of source

latency t, and exposure time t,, + 98% of simulated events are detectable at 5o!

- ,,, indicates the the angle bétween the GRB - Note that this number does not take into

jet and the observer account observability conditions (see Figure 3).
color scale indicates the fraction of

simulated sources detected

Jarred Green et al. 2023
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First preliminary results - 2. Realistic follow-ups and detections

+ Followed up GW-GRB events: 8% of the total population Realistic observations conditions

tneluded (\/Lsibll,itg, olutg cycle

* 4.5% covering the true location of the source telesocpes, Ackgs, cte) with v

optimised scheduling of the tiling

* on-axis events: 18% followed up; 10% covered the true location

+off-axis events: 7% followed up; 4% covered the true location

Events seen on-axis
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Events seen off-axis
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Off-axis events
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The END



