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Scientific context
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Program Objectives: 
1) Physics of GRBs
2) Nature of progenitors
3) Cosmic evolution
4) GRBs in MM context

•GW counterparts
•UHE particles

5) Early Universe 
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Highlights 1 - The physics of prompt and afterglow
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Objectives: 

1.Prompt emission 

2.MeV-GeV-TeV 

3.Particle acceleration UHE and 

Neutrinos

4.Energy content/transport/dissipation

5.Ambient medium

6.… the unexpected

Ravasio et al. 2018, A&A

GRB 160625B

Nappo et al. 2017, A&A

GRB 151027A

Signatures of Synchrotron emission

Infer properties of emission region 

Explore role of proton emission

Data: Fermi, (Swift)

Data: Swift; MW (+TNG, LBT, SRT, EVN)

Constrain the ambient medium properties and jet structure/energy

Model of afterglow emission:  
• Jet structures 
• Jet dynamics 
• Forward and Reverse shock emission  
• SSC



Highlights 2 - Jet structure and progenitors
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Data: GRB with redshifts

Salafia+2020, A&A

Objectives: 

1.Jet structure - ambient - progenitor

2.Key signatures of jet structure

3.Constrain the free parameter space

4.Unification models

5.… the unexpected

Orientation dependent properties 
Towards an unification scheme

Semi-analytical and numerical 
studies of jet structure



Highlights 3 - Gravitational Waves and their EM counterparts
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first named ‘SSS17a’ and ‘DLT17ck’, but here we use the official IAU 
designation, AT 2017gfo.

We carried out targeted and wide-field optical/near-infrared imag-
ing observations of several bright galaxies within the reconstructed 
sky localization of the gravitational-wave signal with the Rapid Eye 
Mount (REM) telescope and with the European Southern Observatory 
(ESO) Very Large Telescope (VLT) Survey Telescope (ESO-VST). This 
led to the detection of AT 2017gfo in the REM images of the field of 
NGC 4993, which were obtained 12.8 h after the gravitational-wave/
GRB event. Following the detection of this source, we started an 
imaging and spectroscopic follow-up campaign at optical and near- 
infrared wavelengths. Imaging was carried out with the REM telescope, 
the ESO-VST and the ESO-VLT. A series of spectra was obtained with 
the VLT/X-shooter in the wavelength range 3,200–24,800 Å, with VLT/
FORS2 (Focal Reducer/low-dispersion Spectrograph) in 3,500–9,000 Å 
and with Gemini-S/GMOS in 5,500–9,000 Å (see ref. 20 for GMOS 
reduction and analysis details). Overall, we observed the source with an 
almost daily cadence during the period 17 August 2017 to 3 September 
2017 (about 0.5–17.5 days after the gravitational-wave/GRB trigger; 
details are provided in Methods). We present here the results of the 
observations carried out in August 2017.

As described in the following, the analysis and modelling of the 
spectral characteristics of our dataset, together with their evolution 
with time, result in a good match with the expectations for kilonovae, 
providing the first compelling observational evidence for the existence 
of such elusive transient sources. Details of the observations are pro-
vided in Methods.

We adopted a foreground Milky Way extinction of E(B − V) = 0.1 mag 
and the extinction curve of ref. 21 and used them to correct both 
 magnitudes and spectra (see Methods). The extinction within the host 
galaxy is negligible according to the absence of substantial detection of 
characteristic narrow absorption features associated with its interstellar 
medium. The optical light curve resulting from our data is shown in 
Fig. 1 and the sequence of X-shooter, FORS2 and GMOS spectra is 
shown in Fig. 2. Apart from Milky Way foreground lines, the spectrum 

is otherwise devoid of narrow features that could indicate association 
with NGC 4993. In the slit, which was displaced from the position of 
the transient by 3″–10″ (0.6–2.0 kpc in projection), we detected narrow 
emission lines exhibiting noticeable structure, both spatially and in 
velocity space (receding at 100–250 km s−1 with respect to the systemic 
velocity), which were probably caused by the slit crossing a spiral struc-
ture of the galaxy (see Methods).

The first X-shooter spectrum of the transient shows a bright, blue 
continuum across the entire wavelength coverage—with a maximum 
at about 6,000 Å and total luminosity of 3.2 ×  1041 erg s−1—that can be 
fitted with the spectrum of a blackbody of temperature 5,000 ± 200 K 
and a spherical equivalent radius of approximately 8 ×  1014 cm. At a 
phase of 1.5 days after the gravitational-wave/GRB trigger, this indi-
cates an expansion velocity of the ejected material of about 0.2c. The 
temperature is considerably lower than that inferred from photometric 
observations about 20 h earlier (about 8,000 K)22, suggesting rapid cool-
ing. On top of this overall blackbody spectral shape are undulations that 
may represent very broad absorption features similar to those predicted 
by merger ejecta simulations16. We refrain from connecting these to the 
expansion velocity because they may be combinations of many lines 
with poorly known properties.

At the second epoch, one day later, when the spectrum covered only 
the optical range, the maximum moved to longer wavelengths, indicat-
ing rapid cooling. At the third epoch, when near-infrared wavelength 
information was again available, the peak shifted further to 11,000 Å 
and the overall spectral shape changed. This indicated that the photo-
sphere was receding, the ejecta was becoming increasingly transparent 
and more absorption lines became visible. The near-infrared part of the 
spectrum evolved in flux and shape much less rapidly than the optical 
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Figure 1 | Multiband optical light curve of AT 2017gfo.  The data shown 
for each filter (see legend) are listed in Extended Data Table 1. Details of 
data acquisition and analysis are reported in Methods. The x axis indicates 
the difference in days between the time at which the observation was 
carried out T and the time of the gravitation-wave event T0. The error 
bars show the 1σ confidence level. The data have not been corrected for 
Galactic reddening.
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Figure 2 | Time evolution of the AT 2017gfo spectra. VLT/X-shooter, 
VLT/FORS2 and Gemini/GMOS spectra of AT 2017gfo. Details of data 
acquisition and analysis are reported in Methods. For each spectrum, 
the observation epoch is reported on the left (phases with respect to the 
gravitation-wave trigger time are reported in Extended Data Table 2; 
the flux normalization is arbitrary). Spikes and spurious features were 
removed and a filter median of 21 pixels was applied. The shaded areas 
mark the wavelength ranges with very low atmospheric transmission. The 
data have not been corrected for Galactic reddening.

© 2017 Macmillan Publishers Limited, part of Springer Nature. All rights reserved.

Pian, D’Avanzo 2018

Ghirlanda+2019

Data: VLT/Xshooter, FORS2; Gemini/GMOS

Data: MW (+XMM Newton; g-VLBI)

Successful jet and its structure

Kilonova emission and its color evolution
Objectives: 

1.KN physics & diversity 

2.MM inferences

3.BHNS systems 

4.Standard sirens 

5.… the unexpected

XMM Newton (D’Avanzo +2018)

g-VLBI



Highlights 4 - Hosts and cosmic evolution
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Data: GRB with redshifts (Swift complete sample)

Cosmic evolution of the population(s)

Long GRBs and hosts characteristics
Vergani +2017, A&A

Salvaterra+2012

Objectives: 

1.Host clues on progenitors

2.GRB-SN connection

3.Cosmic reionization 

4.First (metal free) stars

5.Constraints on SFR at high redshifts

6.… the unexpected
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Impact and Leadership
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Refereed papers >2000

Citations

INAF

World

GRB@MI

GRB@MI 

Collaboration/project Working Group Role

Swift Operation, data and scientific expl. Italian Pi-ship

GRAWITA Science Board, WG1, WG3 Member, Leader, Leader

STARGATE Short GRB program, polarimetry Co-Chair, Co-Chair

ENGRAVE GC, EC, WG-EXT Member, Member, Leader

CIBO Italian GRB follow up Co-Chair

LVC Prometeo sub-group Member

MAGIC Transient Working Group Convener

SVOM Science Working Group Co-Ivestigator

THESEUS WG4 population and science Coordinator

Hermes Science Working Group Deputy coordinator

Athena Transients Working Group Member

COSI INAF participation Member

CTA Transients Science Working Group Coordinator GRB cons. paper

SKA Transient Science Working Group Member

Einstein Telescope OSB Div.4 - MM Observations Co-Chair

Alta formazione (solo personale INAF):
1) PhD ~ 2 ogni ciclo
2) Tesi magistrali ~ 5 ogni anno
3) Tesi triennali ~ 3 ogni anno 

Science, Nature, 
NatureAstronomy

GRB@MI INAF

World



Funds, personnel and critical aspects
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Programma: inizio 2000

Stima inviluppo complessivo FTE INAF (TI) fino a 2020 ~ 83 (45)
Stima inviluppo complessivo FTE fino a 2020 ~ 105

Fondi 2021 2022 2023

PRIN-INAF 
(SKA-CTA) (7) 0 0

Premiale MUR 
FIGARO 

(INAF co-I)
(10) 0 0

Proposte
PRIN MUR 0 115 115

2 TI (Dir. Ric.) INAF in quiescenza  entro 2023

1) Assegni di ricerca
2) Materiale per la ricerca scientifica
3) Missioni
4) Organizzazione meeting

Necessario assumere personale a TI per sostenere lo 
sviluppo del programma con profili: 

1) Osservazione/analisi dati multi-frequenza 
e multi-messenger

2) Sviluppo di modelli teorici per 
l’interpretazione

Supporto al (co)finanziamento di borse di dottorato dedicate

Fino 2020  K/yr 
(Excluding contracts)  

≈ 30 − 40PRIN - INAF (2005, 2009, 2012, 2017) 
ASI - 2006
Premiale - MIUR 2018



Thank you

GRB@MI
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