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Current Collaboration Map
(outside of L’aquila)

Currently 
visiting
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Multimessenger Transients

Focus on two categories

Core-Collapse 
Supernovae

BNS mergers

neutrinos

neutrinos
Previously on …
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Current and future observatories

Current detectors
∼ 100s GRB 
observations

LVK bounds and
∼ 150 published events

GBM
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Current and future observatories

Current detectors

∼ 100s GRB 
observations

LVK bounds and
∼ 150 events

GBM
What can we infer 

on BNS, NS-BH, 
etc…
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Future observatories

Einstein Telescope

Cosmic Explorer
Crystal Eye

THESEUS
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Current and future observatories prepartion

Optimize multi-messenger data analysis?

•How can we optimize multi-messenger data analysis?

What tools and frameworks are needed to enable 
synergies across messengers and facilities?

Which observatory designs maximize scientific return? 
What science goals should drive these choices?
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The Fate of stars

≤ 𝟖𝑴⊙ ≥ 𝟖𝑴⊙

Core collapse
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≥ 𝟖𝑴⊙

Core collapse
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≥ 𝟖𝑴⊙

Core collapse

lGRB

OSV
Background 
estimation
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≥ 𝟖𝑴⊙

Core collapse

lGRB

OSV
Background 
estimation
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OSV
Background 
estimation

Example I produced 

Does not depend on selecting 
background-intervals
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≥ 𝟖𝑴⊙

Core collapse

GW

Optical

𝝂
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Supernova GWs

SN BNSH. Andresen et al 2017

Abbott BP, et al. (LIGO, Virgo and other collaborations) 2017

arxiv.org/pdf/1607.05199
https://dcc.ligo.org/public/0145/P1700294/007/ApJL-MMAP-171017.pdf
https://dcc.ligo.org/public/0145/P1700294/007/ApJL-MMAP-171017.pdf
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Supernova GWs

No templates

Very faint

SN H. Andresen et al 2017

arxiv.org/pdf/1607.05199
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Supernova GWs

Can ET see them ?
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GWFish

Simulates GW detector networks →
 measurement uncertainties based on 
the Fisher-matrix approximation

U. Dupletsa et al 2023

Detector motion 

Multiband detection 

U. Dupletsa et al 2025

https://www.sciencedirect.com/science/article/abs/pii/S2213133722000853?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S2213133722000853?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S2213133722000853?via%3Dihub
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GWFish

BUT

U. Dupletsa et al 2022

Only compact object mergers

No time/frequency series

No Supernova

https://arxiv.org/abs/2205.02499v2
https://arxiv.org/abs/2205.02499v2
https://arxiv.org/abs/2205.02499v2
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GWFish

New possible input
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GWFish
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GWFish

Handled SN SNR 
calculations

Right here
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GWFish

State of the art 
3D simulations

D. Vartanyan et al. 2023

D. Radice et al. 2019

(A. Burrows group archive 
https://www.astro.princeton.edu/~

burrows/)
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GWFish

D. Vartanyan et al. 2023

D. Radice et al. 2019
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GWFish

15 Solar masses progenitor
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GWFish

Best and worst
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GWFish

2L vs 𝚫
Collaboration is key
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GWFish

In preparation : Studying 
instrument optimization for ET

Working on 
optimizing SN 

detection prospects
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GW + Optical
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GW + Optical (in preparation)

Star mass distribution Waveforms

Dust 
distribution

Dr. Maria Teresa Botticella 
Ines Giudice

(in preparation)
I. Giudice, A. L. De Santis et al. 

(202?) 
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Predictions 
/observation strategies

GW + Optical (in preparation)

Obscured ? 
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Pattern ?

Template?

𝝂
𝑮𝑾

GW + neutrinos (work in progress)

Ice cube, HK, Juno, LNGS

M. Drago et al 2023

https://doi.org/10.1103/PhysRevD.108.103036
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Binary neutron stars
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GW170817/GRB170817A

GBM
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Binary Neutron Stars

Binary 
neutron 

Star mergers?
Short
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Tensions

2 BNS mergers in 4 
observation runs

40 sGRBs / yr
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Tensions

2 BNS mergers in 4 
observation runs

40 sGRBs / yr ← A lot



37

Tensions

2 BNS mergers in 4 
observation runs

40 sGRBs / yr

What are the compatible 
astrophysical BNS merger 

rates? 

How many mergers 
successfully launch a sGRB?
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Study the problem

Observations

∼ 𝟏𝟎𝟎s GRB catalogue
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Study the problem

Interface

Simulations

Observations

∼ 𝟏𝟎𝟎s GRB catalogue

Iorio et al 23

https://academic.oup.com/mnras/article/524/1/426/7189911
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MCMC

Study the problem

Interface

Simulations

Observations

∼ 𝟏𝟎𝟎s GRB catalogue

Iorio et al 23

https://academic.oup.com/mnras/article/524/1/426/7189911
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Study the problem

Posteriors

Predictions

BNS Model 
selection

MCMC

Interface

Simulations

Observations

∼ 𝟏𝟎𝟎s GRB catalogue

Iorio et al 23

https://academic.oup.com/mnras/article/524/1/426/7189911
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Models studied

Iorio et al 23 A. L. De Santis et al (202?) (in preparation)

https://academic.oup.com/mnras/article/524/1/426/7189911
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GRB models

Ronchini et al 22.

(𝜃𝑐  )
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GRB models

Ronchini et al 22.

(𝜃𝑐  )
(𝜃𝑐  )
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(𝜃𝑐  )
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Universal

Non-Universal

(𝜃𝑐  )

Flat distribution and Log-Normal
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After 
convergence
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Preliminary

Structured jet Posteriors
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Degenerate with geometry 
𝜖 = 𝑓𝑗 × (1 − cos(𝜃𝑐)

Shown is
𝑓𝑗 < 1
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Additional finds

Log-Normal Flat
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Rouco Escorial et al. 23

Comparison to other works
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GRBs and BNS

GRB data → Bounds on GW data

𝜽𝒄 small

Framework for connecting 
Model <-> Predictions



54

Predictions

Crystal eye
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Crystal eye

Mock 
catalogue

Joint 
detections
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Crystal eye

Mock 
catalogue

Joint 
detections
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with

High 
frequency BH

Accretion disk

GRB emission mechanism

Kilonova ejecta

ONE measurement to calibrate
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Pubblications
➢ Constraining Binary Neutron Star Population Synthesis Models using Short Gamma-Ray Burst Data (De Santis in 

preparation)

➢ Direct Measurement of the Accretion Disk Formed in Prompt Collapse Mergers (Dhani, Camilletti, De Santis, Cozumbo 

et al. 2025, preprint; arXiv:2507.14071).

➢ Transient MeV radiation from a relativistic tidal disruption candidate (Oganesyan, Kammoun, Ierardi, De Santis, 

Banerjee et al. 2025, accepted in A&AL ,preprint; arXiv:2507.18694).

➢ Broadband Modelling of GRB 230812B Afterglow (Mohnani et al. 2025, submitted to A&A, preprint; arXiv: 

2507.18697).

➢ The Science of the Einstein Telescope (2025, accepted in JCAP, preprint; arXiv:2503.12263).

➢ Crystal Eye: All sky MeV monitor with high precision real-time localization (2026, Astroparticle Physics 174, 103171).

➢ Optimal Optical Layout of the Einstein Telescope (in preparation).

➢ An Observation Strategy for the Optical Counterpart of a Galactic Supernova (Giudice, De Santis et al. in preparation).

➢ Forecasting Short GRB Detections for the THESEUS Mission (in preparation). 
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Next steps
Supernovae Detectability & ET Era

Add afterglow modeling for joint 
GW/sGRB detection scenarios

Investigate the role of the neutron 
star–black hole (NSBH) population

• Complete work  on GW-optical detectability of 

SN

• Finalize the visiting project by producing SN 

templates.

• Implement SN templates into the detectability 

analysis for GW observations.

Compact Object Population & 
Short GRBs

Complete the editing of the paper 

on BNS populations and their 

connection to short GRBs

Make MAGPPY publicly available.
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Summary
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