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Summary

• GRBs background  

• KN topics that are (relatively) well established

• KN open issues (post-merger remnant and rates) 

• synergy with optical telescopes à O4  and O5

• Conclusions
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LONG GRBs (ΔT~2s-1000s)

* Association with
bright (Ib/c)core-collapse SNe

* Star-forming host galaxies

SHORT GRBs (ΔT <2s)

* Binary compact object mergers
(NS+NS; BH+NS)

* Occur in all types of galaxies (Es à
Spirals)

* Normally not associated with recent
star forma?on regions

* Observed as kilonova events and 
detected also in GWs (170817) 



courtesy of L. Izzo
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What is the 
engine?



Zhu et al. 2022



Ep,i = Ep x (1 + z)

Peak Energy:

It is the “color” of
the GRB, i.e. the
frequency at which
the GRB emits the
main bulk of the
energy produced in
the outburst
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<fb-1> ~500 (Frail et al. 2001; Ghirlanda et al. 2013)      (ϑ ~ 4°) 

<fb-1> ~75 (Guetta et al. 2004)                                       (ϑ ~ 9°)

<fb-1> <~ 10    (Guetta & DellaValle 2007 )                         (ϑ > 25°) for sub-lum GRBs 

<fb-1> <~ 7 (Pisani et al. 2016)                                        (ϑ > 30°)         

sGRB with Kilonova GW170817     (Ghirlanda et al. 2019)      (ϑ ~ 4°) 



10521050

We can assume for a standard neutron star with mass M ∼ 1.4 M⨀ the maximum 
rotation energy to be in the range 3 × 1052 erg (Lattimer & Prakash 2016) – 7 × 1052

erg (Haensel et al. 2009).



courtesy of MG Bernardini

The most widely discussed models of central engines 
of GRBs are accreting magnetars (or in a few cases,  
accreting black holes). 



Xu et al. 2013;  Melandri et al. 2014

GRB 130427A+SN 2013cq
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GRB 130427A

The rotational energy of a BH can reach up to 29% of its total mass, which exceeds that of 
neutron stars by a full order of magnitude. Indeed, rotating BHs of mass M ∼ 3M⨀ possess 
rotational energies up to Erot ∼ 1054 erg. Therefore, an energy budget of ∼ 1053 erg can be 
conveniently extracted via the Blandford- ̇Znajek mechanism, thereby suggesting that the 
central engines of some very energetic events may well be rotating BHs
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Energy of GW 170817
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Dmax ~ 49 Mpc

Fermi-GBM threshold

MDV et al. 2018D ~ 40 Mpc



One can conclude, admittedly with large uncertainty that either only a 
minor fraction of BNS mergers produces sGRB)/KN events or the 
sGRBs associated with BNS mergers are beamed and observable under 
viewing angles as large as θ ≲ 40°



The late appearance and 
increasing brightness of 
the multiwavelength 
afterglow of GW170817 
allow these authors to 
constrain the geometry of 
its ejecta and thus reveal 
the presence of an off-
axis jet pointing about 
33°away from Earth. 
Confirmed by Troja et al. 
2018 and Piro et al. 2019 Lazzati et al. 2018



Lazzati et al. 2018



courtesy of R. Ciolfi



submitted



Post-merger output EGW ~ 1% Mc2 which is comparable with the whole EJ of 
the hyper-massive neutron star in the immediate aftermath of GW170817, 
yet it is consistent with EJ rejuvenated in gravitational collapse to a Kerr 
black hole. 
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Empirical constraints on the KN rate with the GW170817

Fermi-GBM threshold

352 +810 Gpc3 yr-1
-281

MDV et al.  2018 



Kilonova rate ~ 300 Gpc-3 yr-1
factor ~ 3 uncertainty 

1 event per decade within 
50 Mpc (Dmax 49 Mpc)

courtesy of S. Smartt



0s                         50s 100s                    

The Lightning without Thunder

Low redshift:
z = 0.125

SN search!



Late time:

host galaxy
contribution
(no variation)

Upper limit:

MV > -13.5 (3s)

Della Valle et al. 2006 (see also Gal-Yam et al. 2006 – Fynbo et al. 2006)
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The progenitor fails to explode as Supernova, it collapses into Black Hole



The dashed lines are KN model lightcurves
generated from numerical simulation for 
the ejecta from a BH−NS merger, with a
velocity ∼ 0.2c and mass Mej ∼ 0.1M⊙, by 
Tanaka et al. (2014).

The green and red lines are in R and I 
bands, and shadows represent a 2σ
uncertainties. The KN models are in 
agreement with the observed data. 

NIR excess due to r-process nucleosynthesis 
that take place in  binary neutron star 
mergers  and forming lanthanides (atomic 
numbers 57 to 71)
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0s                         50s 100s                    

The Lightning without Thunder
may well be a new class of GW sources: KNe !   

Low redshift:
z = 0.125

SN search!



Rastinejad et al. 2022
Troja et al. 2022
Yang et al. 2022



the absence of any fainter, underlying host galaxy in late-time Hubble 
Space Telescope (HST) imaging provide compelling evidence that GRB 
211211A originated in SDSS J140910.47+275320.8  



Kilonova and afterglow models 
(solid lines) and the afterglow 
model alone (dotted lines)
The NIR detections are ≈ 4 
magnitudes brighter than 
predicted by the afterglow
model and require a kilonova
component to fit.

Plot models tuned to AT 2017gfo 
from shifted to the redshift
of GRB 211211A (dashed lines). 

The detection of NIR 
excess  strongly supports 
the detection  of the r-
process in the ejecta, 
responsible to power the KN 
event



Data are satisfactory fitted by the luminosity function proposed by Guetta and Piran in 
2006, which is described by a sGRBs population that doesn’t follow the SFR, rather it  
follows a distribution of delay times,  after the SFR, characterized by: Δt ~  10 - 100 
millions years

(Guetta, DV and Amati 2023)



KNe and the chemical evolution of galaxies 

The majority of heavy nuclei beyond the iron peak originate from neutron 
captures.  The neutron capture on a heavy seed, such as Fe can occur 
slowly or rapidly,  relative to the 𝛽-decay process. Therefore we are 
dealing with s-process and r-process. 
Most r-process elements can be produced in core-collapse supernovae 
(Woosley 1996,  Wheeler et al.1998,) . 
More recently KNe are believed to be responsible of forming lanthanides, 
characterized by atomic numbers 57 to 71 during BNS mergers (Korobkin
et al. 2012, Rosswog 2013, Hotokezaka et al. 2013) .  



In this paper the authors have computed for the first time, the rate of BNS 
mergers in galaxies of different morphological types, such as Ellipticals,  
Spirals and Irregulars by assuming only BNS mergers as  producers of such 
elements. 
Particularly the [Eu/Fe] vs. [Fe/H] in the Milky Way can be reproduced by 
assuming  BNS mergers as the only Eu producers if a constant total delay 
time (stellar lifetime plus gravitational time delay) of 10 Myr is adopted. 

When more KNe will be observed  (i.e. rate will be improved) we’ll be in the 
position to disentangle the degeneracy between the SN and KN contributes 
to the chemical evolution of the galaxies. 



What are the consequences of KN rate 
on O4 and O5?



O4 volume >  2 (O1+O2+O3)

D (Mpc) KN per yr caption

100 ~1 Based on 300 yr-1

175 5-7 + O4

300 ~30 +O5



The potential of Multi-Messenger astronomy has not yet been fully 
exploited. To date, only one EM counterpart of a GW source has been 
revealed. The main reason for this is the inherently low rates of GW events 
that can be detected simultaneously by high-energy satellites and ground-
based facilities. For O4 we expect an improvement in the number of BNS  
merger detections.

Conclusions



The main change in this area will come with O5, in synergy with the Vera Rubin 
Observatory, in 2025. LSST will patrol thousands of deg2 with three visits per 
night in 6 filters, down to a significantly fainter range of  magnitudes than that 
achieved by the current optical investigations (eg. ZTF, Pan-STARRS, ATLAS). 
The sampled volume will be ~ 40 times larger than O4. From all of this, I expect:
i) a significant increase in the number of KN detections both in GWs and in 

optical/NIR: >10 or even >> 10
ii) the detection of a few post-merger signals which will allow to disentagle

among  different compact remnants (NSs,  metastable HNSs and BHs) 
iii) decreasing the uncertainty on the KN rates by an order of magnitude 
iv) Hubble constant measurements with GW standard sirens (see Holz & Hughes 

2005) will approach the accuracy of SNe-Ia and CMB measures.

Conclusions cont’d


