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CTANAD
GW interferometers - scientific runs

https://observing.docs.ligo.org/plan/
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The era of gravitational waves:

GW interferometers
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CTAD

including Virgo

event ID: S240413p
50% area: 11 deg?
90% area: 34 deg®

~10% of QW events in
o5 wtll have a stimtlar
uncertainty area ‘;?

For similar events, CTAO array
could cover most of the region
with a single or a few pointings!



GW e.m. counterparts

- Binary Neutron Star mergers (BNS) = short GRB

suggested (since Eichler+1989), expected (GRB050724) and observed (GW/GRB170817)

But 2 long GRBs were associated kilonova (GrBosos14,

GRB211227) = scenario is not straightforward Kilonova

BH-NS = short GRB ?

e.g. Berger+2014, Barbieri+2020, Rossi+2019 e.g. GRBs 0505098, 061201.

CTAD

Electromagnetic emission

Nuclear

decay

GRB170817/GW170817

* BH-BH: 2?2 no EM emission expected

(but Loeb+2016, Perna+2016, Murase+2016, Graham et al. 2020,Tagawa et al. 2023,...) Fermi 4‘

~‘1
o

- SN CO”apse: IOng GRB ? (LIGO coll. 2014, LVC 2021)

LIGO

0 We expect in the Te \,/

-

GW170817




GWs and GRBs at TeV energies

- No detection of GeV-TeV emission from the counterpart of
GW170817/GRB170817A.

- No detection at the maximum of the delayed emission (TO+200d)
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% Detection of the TeV (afterglow) emission from GRBs

v GRB engine accelerates photons up to TeV
Gamma rays up to 12 TeV from the GRB 221009A!

v Evidence of a second energetic GeV-TeV component

v Energy budget and time evolution similar to the optical-X-ray
component: TeV flux follows closely the X-ray flux
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The Role of Off-axis Observations

and structured Jet

GeV-TeV emission is expected from the
relativistic outflow (jets)

In GW-counterparts, the jet is seen
preferentially off-axis: small Lorentz factor

= intensity weaker 10-4to 10-6 times than
on-axis emission

= light curve delayed (hours/days/months,
depending on bByiew)

CTAD

On-axis observer:
standard GRB

e Relativistic outflow

4  Off-axis observer (jet) I>100
flux
neutrino-driven winds

<v>~0.1c

dynamic ejecta
<v>~0.1c

accretion disk

remnant

Branchesi, AS et al. 2022
(From Troj



The Role of Off-axis Observations CTAD
and structured Jet

On-axis observer:
Jet standard GRB
flux |

GeV-TeV emission is expected from the
relativistic outflow (jets)

Relativistic outflow

/ (jet) r>100

neutrino-driven winds
<v>~0.1c

In GW-counterparts, the jet is seen ay, | Off-axis observer
preferentially off-axis: small Lorentz factor \\

= intensity weaker 10-4to 10-6 times than
on-axis emission

ol PRV CEYEMGEVA/AGE can we expect in the TeV band?
depending on bview) ,

dynamic ejecta
<v>~0.1c

Branchesi, AS et al. 2022
(From Troj



CTAD
CTAQO: a diverse array

« Extended energy range (20 GeV-300 TeV) with telescopes of 3 sizes.
* Improved sensitivity, up to 5-10 times than current IACTs.
- Improved angular resolution (3') and energy resolution (7% @1 TeV).
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TEV Astronomy with Cherenkov telescopes CTAD

Big effective area "™ photon statistics

" [ 1]
Extended "spectral arm leverage Lery emene s held (- 50 @2

ngh statistics (=pl"eCISIOI1) on flares Repositioning speed ~7 deg/s; automatic repointing
and transient source (e°g' GRBS) Observations in moon-time
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Explore the parameter space of
and CTAO detection rates the GW-GRBs detectable by

. CTAO
from blnary neutron star + Maximise the detection rate

(BNS) mergers associated to + Maximise the physical interpretation return v g7t RN e (mitaesiy Je6 el

angles and jet orientation, spectral slope
GRBs (GW—G RBS) + Evaluate the amount of observing time S l P Pe)
+ Observational parameters (time delays, expos.)

Compute the joint GW Optimise the observing

strategy

cCTAO ‘q
FLASHROINT

Chasing Echoes: How the CTAO Plans to
Detect Gamma-Ray Signals from Binary
Neutron Stars

May 2 202¢

THE ASTROPHYSICAL JOURNAL, 1004:46 (26pp), 2026 June 10 https://doi.org/10.3847/1538-4357 / ae658¢c

© 2026. The Author(s). Published by the American Astronomical Society.

OPEN ACCESS
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Chasing Gamma-Ray Signals from Binary Neutron Star Coalescences with the

Cherenkov Telescope Array: Prospects and Observing Strategies

S. Abe! @, J. Abhir” @, A. Abhishek’ @, F. Acero®” @, A. Acharyya®®, R. Adam’*©, A. Aguasca- -Cabot’ @, 1. Agudo'®
I. Albanese'' @, J. Alfarol“ o Ahspac.h” , R. Alves Batista'* E Amato” G. Ambrosi'® , D. Ambrosino'”'®
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ULATION CHAIN
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ULATION CHAIN

GW skymap

Gravitational wave catalogue of simulated

binary neutron star (BNS) mergers from
Petrov et al. 2022 for O5

Simulation of CTAO response
(set of IRFs)

ervation optimisation
and scheduler

CTAO observing strategy
14



CTND ULATION CHAIN

Consistency checks

Jet energy

distributions
(Respect to NS mass)

o
u
o
Number

5 50
Log[E/erg]

Synthetic GW-GRBs Euof | |
Phenomenological model of VHE
emission of short-GRB

GW170817

0 ’ 1 1 1 1 1 1 — 1
-0 -9 -8 -7 -6 -5 -4 -3 =2

. . .. Log [Eo, jet/Miowc?]
Phenomenological simulation of afterglow emission from g
short GRBs and long-TeV-GRBs

* Jet opening angle inferred from short-GRBs seen on-axis, average:~14deg

* Viewing angle from the inclination of the BNS

* Lightcurve:follows deceleration phase + similar temporal decay as in X-rays

Lyev (11h) [erg/s]

Correlation Ltev-Eiso
0% (Follows the one observed in X-ray)

1090k LX,]l =8.5x 104%E2§2] erg S_]

* Spectrum: Photon index ~-2; Density of the external medium ~0.1 cm-3

* Jet structure: Gaussian distribution for both energy and Lorentz factor

EPEPETP PRI EEPEPPPIY EEPEPPPPIY BRI EEPEPPPPI PRI B
1046 1047 1048 1049 1050 1051 1052 1053 15
Ey.iso [€rg]




TN ULATION CHAIN
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CTND ULATION CHAIN

* Realistic observing conditions for CTAO are considered (seglar-Arroyo et al. 2019)
- Based on Tilepy code (M. Seglar-Arroyo et al.-APJS - 2024)
Observing strategy:

- Optimal: Scheduler iterates on the best visible positions, with increasing, sensitivity-
dependent, exposures. If the true source position is covered, by construction, it is
detected.

* Fixed: Tiling with fixed exposures (I, 5,20 min)

CTAOtiling

Observation optimisation
and scheduler

CTAO observing strategy




CT/N RESULTS

Events seen on-axis 4 Events seen off-axis
(13%/ view <ewre) (87%, eview>ec0re)

ng strategy

ate

=
N

interpretation return
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t of observing time

w

-

Exposure time

F"fobability of detectior;

Probability of detection

the parameter space of the
GRBs detectable by CTAO

parameters (luminosity, jet opening angles L
orientation, spectral slope) Delay (time from

rvational parameters (time delays, exposures)

merger) Delay (time from merger)




T/ RESULTS
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CTND RESULTS

Compute the joint GW and CTAO
detection rates from binary neutron

star (BNS) mergers associated to
GRBs (GW-GRBs)

Optimise the observing strategy

4+ Maximise the detection rate

Cumulative Percent of
events detected

1-minute campaign
5-minute campaign
+ Evaluate the amount of observing time . _ . 20-minute campaign
Optlmal Variable wu.ndow campaign
Average window campaign

+ Maximise the physical interpretation return . “fixed time”

. ' 2 3 4 5 6

-
Follow-up Campaign Duration [h]

Ratectao—agw Ra‘ceBNS~ Xifff\ls * detecProbrykos) * detecProbcrao

\\
?? ‘

~5% of the sampled BNS mergers are detectable.

BNS producing f
jets (10-50%2?) This work Expected yearly rate depends greatly on the
40(+115-35) Gpe-2 Yrt ~5% .
el e e R J BNS rate (largely uncertain!)
Ratepyg = detecProbyykos) ~ 1!—}()_:L:; Petrov+2022 T 00 O‘Pti,m{:st‘i,cl

Detection rate

21



CTND RESULTS

Campaign
—— 1-minute
5-minute
20-minute
Variable
Average

Optimise the observing strategy

Percentage of events

4+ Maximise the detection rate

’
+ Maximise the physical interpretation return S CLEWCE g S

+ Evaluate the amount of observing time threshold

neeos

’ a ' 101
Explore the parameter space of the S L@ mas: Significance [fixed 4hr-campaign]

GW-GRBs detectable by CTAO
~5% of the sampled BNS mergers are detectable.
+ Physical parameters (luminosity, jet opening angles

and jet orientation) and other (GW area, distance) Expected yearly rate depends greatly on the
Observational parameters (time delays, exposures) BNS rate (/arge/y uncertain!)

22



CTAN RESULTS

Distance Detectable events
NOT Detectable events

log(E.,) (erg]

GW area

90% C.R. [deg?]

Event Detected
@ false
® True

Jet opening angle

Explore the parameter space of the o i B R view-angle
+ Physical parameters (luminosity, jet opening angles
and jet orientation) and other (GW area, distance)

+ Observational parameters (time delays, exposures)

7

8 50 52
log(E ) lerg]

0 2
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50
e [deg]

log{d) [Mpc] log(t,) [s]
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e s thls component S|gn|f|cant or even domdlnan\‘r;as observed m

* Is SSC the domlnant emlssmn mechamsm" What roles do
' external Compton pure synchrotron or hadronlc processes play"

‘o Next observatlonal breakthrough unamblgous TeV det

Open questions in the MM field at TeV energies - GRB/GW
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* Do all GRB exhibits asew"dhlghenergycomponent(GeVTeV)’ -

'6 . |

GRB 1 9011 4C" Under whau:m:\dtlons"

from short- GRBI GW (BNS)!" NS BH and BBH st|II unc arted
territory... ‘ '

‘j_ .TeV observa c;n;zan i
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3 ~~‘/‘_; o/

enwronment (dens:ty, wmds)

'-s’ Be‘tter constram SED modellng

and parameters ¥

. ../Identlfy/d|5card domlnant

emlssmn proqesses in afterglow

\/ Identlfy and shed I|ght on the _
prompt eh1|55|on phy5|cs

e Which observational strategies in the TeV ban are best smted iy

for detecting GW counterparts?

https://arxiv.orq/abs/2607.199 72

’ Conslmm £s.on the VHE counterpart of two bmary black hole
mergers observed by the MAGIC and CTAO LST-1 telescopes



https://arxiv.org/abs/2607.19972

CTAD



CT/N imulation chain

Example of a
GW-GRB event
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e Jet opening angle inferred from short-GRBs seen on-axis, average:~|4deg
e Viewing angle from the inclination of the BNS

Lightcurve: follows deceleration phase + similar temporal decay as in X-rays
Spectrum: Photon index ~-2; Density of the external medium ~0.1 cm-3
Jet structure: Gaussian distribution for both energy and Lorentz factor
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Multimessenger and high-energy Astronomy

EBL: extragalactic background light
IGMEF: intergalactic magnetic field

Gamma-ray
HE-neutrino

UHECR

Grawtatlonal waves



TeV emission from GW counterparts: an off-axis GRB

Cherenkov
telescopes
sensitivity

AS&Salafia et al., 2021, ICRC,

https://pos.sissa.it/395/944/

E? dN/dE @ 1 TeV [erg cm ™2 s71]

SM density (a bit higher than
usually supposed)
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can we increase the chances to d
e\/ emission from GW counterparts
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Time since GW detection (days)

Hydrodynamical simulation of a
short GRB (Lazzati+2018)

todz 29.10.2025 Antonio Stamerra (INAF-OAR)



