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Compact Binary objects coalescence:

Binary Black Hole (BBH)
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Compact Binary objects coalescence:

1) Gravitational Wave signal
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2) EM counterpart: Different emissions
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2) EM counterpart: Different emissions

« Relativisticjet < Dynamical ejecta -+ Wind ejecta
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2) EM counterpart: Different emissions

« Relativisticjet < Dynamical ejecta -+ Wind ejecta
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2) EM counterpart: Different emissions

« Relativisticjet < Dynamical ejecta -+ Wind ejecta

Jet—ISM Shock (Afterglow) /q
Optical (hours—days)
Radio (weeks—years) p

Mass Remnant

Ejecta—ISM Shock

Radzo (years)

Prompt- emission photon

Synchrotron photon

Synchrotron SSC photon

/\/ Electron
SSC

Hjﬁ Vé | ,
? %

+ Kilonova: r process

*  Gamma-Ray Burst: Prompt and Afterglow emission -




GW detectors
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GW detectors
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GW Future Detectors

Schematic representation of the Einstein Telescope (ET) detector Schematic representation of the Cosmic Explorer (CE) detector




GW Future Detectors
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GW detections

Before O4 run
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Cherenkov Telescopes Array Observatory

It catches the Cherenkov light from EM showers
Energy range: 20 GeV- 300 TeV
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Cherenkov Telescopes Array Observatory

» It catches the Cherenkov light from EM showers ; \

 Energy range: 20 GeV- 300 TeV
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- Large-Sized, low-energy range (20 to 150 GeV).

- Medium-Sized, core energy range (150 GeV to 5 TeV).
- Small-Sized above 5 TeV.




Synchrotron Self Compton model




Blandford & McKee solutions

R. Blandford & C. McKee (1976) — Self-Similar Solutions for Relativistic Blast Waves
» Ultra-relativistic spherical blast wave enclose by a strong shock
* Fixed amount of Energy in a uniform medium

Sedov-Taylor solution in relativistic regime: I' > 1 ( We consider I' > 5 in this work )
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From Sphere to expanding cone

Opening angle 6, Bt <1 T

No lateral expansion until
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We can consider every portion of the
jetis like a mini spheric blast wave




Structured jet model: O dependence

Top hat model
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Structured jet model: O dependence

In the second step we build a structured jet model: expanding shells (0) Eisotropic = E (9)
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Arrival times: On Axis
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Arrival times: Off Axis

EATS off-axis - tops = 1€ +02 s, 6_obs=5° EATS off-axis - typs = 1€ + 03 5, 6_obs=5°
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Valid EATS

Not every R of the EATS is valid: R must be > deceleration Radius (R4..)
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¢ = 180

Shells number (Ng = N )
180 ¢ = —180

¢

We want to build up a proper grid for the angles:
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Doppler beaming
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Synchrotron
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Main functions on grid (0, ¢): On Axis
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Main functions on grid (0, ¢): Off Axis
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Spectral Energy Density (t,,s = fixed)

tobs = 10%s eObs

= 0°

6(6, ¢) 40
0°
F35
30
25
o
20
15
10
180°
5
10-10 SED ‘
[
10-11 }
i
= 10722
)
€
S
‘m \
S 101 )
m i
$ !
w 10—]:1 II
1
\
|
1
1
10715 A
\
== SYN_True 1
IC_True |‘
sg = 55C_True 1
10716 4 1
1073 10° 10° 10° 10° 1

Photon energy [eV]

14th KAG

012 1015

1045 Gobs = 40

6(6,9)
0°

L a0

F35

- 30

25

20

15

10
180°
5
10-10 SED ‘
|
10‘11
5 10712
)
£
5
T
n
g 10
w
)
=
Py
w 10—1!
lo"lb
== SYN_True
IC_True
| S5C_True
10-16 —_—
1073 10° 103 10° 10° 10%2 10'®

Photon energy [eV]

tops = 10%s Bops = 8°

6(6,9) | 5
0°
30
25
20
15
10
180°
5
a0 SED
1071
102
)
£
G
T
«
[ -
10 B
w
3
=
<
w 1p-14
1075
\
\
== SYN_True Il
1C_True \
| 5SC_True ‘I
10- %
1073 10° 103 10° 10° 1012 10%5

Photon energy [eV]



Spectral Energy Density (t,,; = fixed)
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Spectral Energy Density (t,,; = fixed)
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Final Summary and future Goals

*  We ended the first phase of the SSC code development: good off axis behavior

* Preliminary flux results on different observing times: checking the code

« Implementetion of lightcurves generation: ongoing

» Start to test the code in the full analysis process:
computation of the expected detection probability for NSBH multi messenger events




Thanks for your attention !
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Array Coordinates

Latitude: 24° 41 0.34” South
Longitude: 70° 18’ 58.84" West

CTAO-South
Paranal, Chile

~3km?

area covered by the
array of telescopes

CTAO-North
La Palma, Spain

~0.25km?2

area covered
by the array of
telescopes

Array Coordinates
Latitude: 28° 45' 43.7904” North
Longitude: 17° 53’ 31.218" West



Deceleration Radius

Not every R of the EATS is valid: R must be > deceleration Radius (R4.,)
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Methods and Analysis

Expected merger rate throughout the universe

Simulation of Gravitational Waves detection

Mass remnant and kinetic energy model for GRB production

Very High energy afterglow evaluation

Expected probability of detection for NSBH multi messenger events




@ Expected Merger Rate Estimation @ GW Detection Simulation

To simulate the detection we use the Fisher Matrix approach using
GWTFish (o GWFast): fast but not precise like the Bayesian approach

Number of expected NSBH events in the Redshift function.

my [Mo] = 9.655*32%¢
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Local merger rate as 1(0) = 45Gpc 3yr™
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Fig 1. Merger rate of NSBH merger events a as a function of redshift (z) vs the number of expected events in z shells. Fig. 2: Parameter estimation with GWFish.




@ Mass Remnant and Kinetic Energy

1
Ey = E (1 - f]/)r/BZIWaccC2

Choose the models:
* Amount of mass in the accretion disk (M)

* Energy of the produced jet (Ej) * 7Npgz: Mass-energy conversion efficiency

* f, = 10%: Emission efficiency

Mg =2 0.03M(, : accreted mass

Energy in the case of MO5 model

Xgrz =0.0 ) XBHz =0.5 1a- ) Xtz =0.9

Fig. 3: Countour plots of kinetic Energy (Ey) in function of BH mass, spin agy and A.




CTAO forecasts

CTAO picture of the planned configuration.
Synchrotron spectrum with 8,55 = 0.0 rad, time = 1000 s

Afterglowpy cutoff on
10-6 4| ™ Synchrotron J-R
SSCrazz J-R
= Total flux J-R
CTA South 20 deg, 1800 s

ig-s.| ™ CTANorth 20 deg, 1800s | /\\
CTA South 20 deg, 180000 s

= CTA North 20 deg, 180000s

10-10 - /
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10—12 4 /

Flux(erg/cm”"2/s)

E (eV)

Tobia Matcovich 10 April 2026
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@ Expected Probability of Detection for NSBH Events

Einstein Telescope + CTAO

Expetected rates for t=1000s from merger

[ Expected events

@ ET detected events
10% - |3 grb produced per shell

[ CTAO detection (ET)
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1 OI"? 1 (IJ'1 10°
Redshift (2)

Fig. 5: Histogram of the expected events versus the number of NSBH events detected by ET, the
number of GRB produced in every redshift (z) (up to z=2.7) and the number of possible detections with

CTAO.

The number of possible detections with CTAO is very low, Why?

Possible reasons:

The model used for the number of expected events is too
conservative: we have more events (especially for low z)

Energy conversion model too conservative

The model for the VHE part of the flux is not the best one

1
1
1
1
|

v

Develop a numerical code for SSC Flux




Synchrotron Self Compton emission
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F.A. Aharonian, S.R. Kelner,.and A.Y. Prosekin 2010
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\ET-{FLS

Using proper models or tools we can study what happens at very high energies, in that band of the spectrum dominated by Synchrotron
Self Compton (SSC).

We need more precise models for the Very High Energy spectrum

1) Develop a model for the SSC and use it to
predict the event rate with CTAO Synchrotron

2) Study the observational strategies for a

faster and more efficient follow-up.

3) GW and EM joint analysis to study the event rate and the goodness of

the parameter estimation




@ GW Detection Simulation

m [Mg] = 9.655*3";5’
Corner plot for ET Network configuration

A

e
il
-

n, [Mo] = 11324319

m; [Mg
a %
|

Mpc] = 528.823+20563¢

JJ L

To simulate the detection we use the Fisher Matrix approach using
GW(Fish (o GWFast): fast but not precise like the Bayesian approach

. DEC [rad] = 1.249+39%

I

Build a dataframe with all the coalescence parameters

Compute the SNR, parameters values and errors.

Different network configurations of interferometers.

Einstein Telescope (ET) / ET plus Cosmic Explorer (CE).
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Fig. 3: Parameter estimation with GWFish.




@ GW Detection Simulation
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Corner plot for ET Network configuration

To simulate the detection we use :
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approach con (o GWFast): less precise but faster
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We can build a dataframe with all the coalescence parameters and compute the SNR,
parameters values and the corresponding errors for every event. We can study
different network configurations of interferometers.
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Waveform model: IMRPhenomNSBH (LAL suite)
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Minimum SNR = 8.0 (Signal to Noise Ratio) Fig. 3: Parameter estimation with GWFish.




Gravitational Wave detection

To simulate the detection we can use two different approaches:

« Bayesian approach with Bilby (or pyCBC ): approach con (or GWFast ):
More precise but very slow less precise but faster
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