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COMPACT BINARY MERGER OUTCOME
Depending on mass and EOS several post-merger scenarios:

Magnetic fields play fundamental role in post-merger dynamics 
(jets from BH/NS+torus, NS collapse to BH, ...)

NS-NS

HMNS

SMNS+torus BH+torus?

NS+torus (see Giacomazzo and Perna 2013)

BH+torusNS-BH

All these scenarios may lead to SGRBs with different properties
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see NASA GSFC video at https://www.youtube.com/watch?v=vw2sLcyV7Vc
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NS-NS and NS-BH mergers can produce tori around spinning BHs	

(e.g., Rezzolla et al 2010, Giacomazzo et al 2011, Foucart 2012)



JETS FROM BNS MERGERS?
Rezzolla, Giacomazzo, Baiotti, Granot, Kouveliotou, Aloy 2011, ApJL 732, L6



JETS FROM NS-BH MERGERS?

Similar simulations were performed in NS-BH	

Possible jet formation also in this case

Etienne, Paschalidis, Shapiro 2012, PRD 86, 084026



COMPACT BINARY PROGENITORS OF 
SHORT GAMMA-RAY BURSTS 

(Giacomazzo, Perna, Rezzolla, Troja, and Lazzati 2013, ApJL 762, L18)

BNS and NS-BH can produce tori around spinning BHs.	

!
When NSs are magnetized this can lead to the production of 
relativistic jets.	

!
Energy extraction from the disk can power short GRBs.	

!
Can we link SGRBs observations with numerical simulations?



We considered the current sample of SGRBs with measured energies

We made the following 
assumptions:	

•SGRBs are powered via 
magnetic fields	

•SGRBs energy is provided 
by the disk	

•Efficiency is constant

E�,iso = ✏M
torus

c2

✏ ⌘ ✏
jet

✏�

✏
jet

= 10%

✏� = 50%

εjet is inferred from disk simulations (Fragile, McKinney, Tchekhovskoy, ...)	

εᵧ is derived from observations (e.g., Zhang et al 2007)



We then considered a sample of 25 accurate GR BNS simulations
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And we compared their torus 
masses with the distribution 
derived from observations

Note that most SGRBs requires tori with masses <~0.1 M☉
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From the BNS simulations we computed a fit to relate the mass of 
the torus to the NS masses and their mass ratio q:

M
torus

= [c
1

(1� q) + c
2

][c
3

(1 + q)�M
BNS

/M
max

]

Giacomazzo et al 2013

Almost all SGRBs are produced by high-mass BNSs. These BNSs 
produce an HMNS that survive only few ms before collapse to BH	

(consistent with Murguia-Berthier et al 2014).



“low-energy” SGRBs	

(<~1e51 erg)

“high-mass” BNSs

“high-energy” SGRBs	

(>~1e51 erg)

“low-mass” BNSs

Simultaneous GW/EM detection will help validate this model
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Foucart 2012 derived a similar fit from NS-BH GR simulations

Giacomazzo et al 2013

if MBH/MNS>~7 
only rapidly 
spinning BHs	

(J/M2>~0.9) may 
produce SGRBs.	

!
!
Most energetic 
bursts cannot be 
explained with NS-
BH mergers.
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What can we learn from a simultaneous GW-SGRB observation?

•From the GW we can get MBNS	

•From the GRB we can get Mtorus	

Combining these two informations we may further restrict the BNS 
parameters (EOS, mass ratio, ...)	

!
The same could be done for NS-BH mergers to infer BH spin and 
NS compactness.
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CONCLUSIONS
• We compared results of GR numerical simulations of NS-NS and 

NS-BH to observations of SGRBs	

• Determined for the first time which systems may be responsible for 

the observed SGRBs (assuming SGRBs powered by magnetic fields)	

• Most SGRBs are generated by high-mass BNSs:	


• less energetic SGRBs are powered by high-mass BNSs	

• more energetic ones by low-mass BNSs	


• NS-BH may explain some of the SGRBs if the BH is rapidly spinning	

!

• A simultaneous detection of an SGRB with a GW can be used to 
validate this model and may help to constrain binary parameters (NS 
EOS, compactness, BH spin, ...)


