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Gamma-ray bursts and neutron-star physics



Long and short GRB subclassesLong and short GRB subclasses

Ruffini et al., ApJ (2015,2016); R. Ruffini's talk (Monday 03/07/2017)



Short and long GRB sub-classes

Ruffini et al., ApJ (2015,2016); arXiv: 1602.02732



Short GRBs

NS+NS → MNS
NS+NS → BH



Two sub-classes of short GRBs

Ruffini et al., ApJ (2015); arXiv: 1412.1018v4

S-GRBs 
(BH formation)

Short Gamma-ray Flashes 
(massive NS formation)

NS mass distribution in BNS peaks at 
 1.32 Msun

(Kiziltan et al. 2013)

So:

MBNS ~ 2.64 Msun

(neglecting NS binding energy 
and angular momentum)



Neutron Star Binding Energy
(Cipolletta et al., PRD 2015; arXiv: 1506.05926; Cipolletta et al., PRD in press; arXiv:1612.02207)

Static Configurations

Rotating Configurations

c J/(G M2
sun)



Which are the mass and angular momentum of 
the merged core: NS+NS → MNS?

Depends on:

1) Mass-ratio of the binary (M1/M2 ~1 for 
the galactc BNS)

2) Degree at which baryon mass is 
conserved 

3) Degree at which angular momentum is 
conserved

(M1,M2)   (Mb1,Mb2) 
Mbf= α (Mb1+Mb2);      α~1

Jmc = η Ji ~ η Jbin (merger instant)   



NS+NS→ BH ?
The explanation of the observed GeV emission in S-
GRBs by accretion onto the formed BH may constraint 
the BH properties and the merging NS masses !

Aimuratov, Ruffini, et al.; ApJ in press; arXiv:1704.08179
Ruffini, Muccino, et al.; ApJ 2016; arXiv:1607.02400
Ruffini, Muccino, et al.; ApJ 2016; arXiv:1412.1018

See also M. Muccino's talk; Friday 06/07/2017



Long GRBs

CO+NS → NS+MNS
CO+NS → NS+BH



Zeldovich et al., (1972)
Ruffini & Wilson (1973)
Rueda & Ruffini, (2012)
Fryer, Rueda, Ruffini, ApJL (2014) 

Binary-Driven Hypercritical Accretion



Becerra, et al., in preparation
L. Becerra's talk on Monday 03/07/2017

Supernova ejecta at t=0



Visualizing the IGC process

Becerra, Bianco, Fryer, Rueda, Ruffini, ApJ 2016;arXiv:1606.02523
L. Becerra's talk

Monday 03/07/2017



Becerra, et al., in preparation
L. Becerra's talk on Monday 03/07/2017

Latest ICRANet-LANL simulations



Latest ICRANet-LANL simulations

Becerra, et al., in preparation
L. Becerra's talk on Monday 03/07/2017



NS evolution up to the instability point

Becerra, Cipolletta, Fryer, Rueda, Ruffini, ApJ 2015; arXiv: 1505.07580 



NS-BH binaries produced by BdHNe
(Fryer, Oliveira, Rueda, Ruffini, Phys. Rev. Lett 2015; arXiv:1505.02809)

FeCONS

BH n NS



X-ray Flashes - BdHNe Separatrix
(Becerra, Bianco, Fryer, Rueda, Ruffini, ApJ 2016; arXiv:1606.02523)



Short and long GRB subclasses

Ruffini et al., ApJ (2015,2016)



Gravitational-wave detectability of GRBs

We can estimate the signal-to-noise ratio with the gravitational-
wave spectrum



Rodriguez, Rueda, Ruffini, arXiv: 1706.06440

Strong-field GW emission in Schwarzschild and Kerr geometries: 
some general considerations

J. F. Rodriguez' talk
Monday 4/07

Computed via 
Sasaki-

Nakamura
Method



Strong-field GW emission in Schwarzschild and Kerr geometries: 
some general considerations

Rodriguez, Rueda, Ruffini, arXiv: 1706.06440

J. F. Rodriguez' talk
Monday 4/07



Rodriguez, Rueda, Ruffini, arXiv: 1706.07704
(last-week post)

J. F. Rodriguez' talk
Monday 4/07

Test-particle helicoidal-drifting-sequence in the Kerr 
geometry vs. numerical-relativity waveform



Gravitational-wave spectrum during the 
helicoidal-drifting-sequence

~ power-law spectrum up to near the last 
circular orbit (LCO) or up to the “contact” 

distance in the case of NS-NS mergers



Davis, Ruffini, Press, Price, Phys. Rev. Lett. 27, 1466 (1971)
Davis, Ruffini, Tiomno, Phys. Rev. D 5, 2932 (1972)

GW spectrum during the final smooth merger?



Helicoidal-drifting-sequence 
(HDS)

Approximately up to very close the 
last circular orbit (LCO) or 

up to the “contact”

NS+NS

NS+BH
Rodriguez, Rueda, Ruffini, arXiv: 1706.07704

(last-week post)

Ruffini, Rodriguez, 
Muccino, Rueda et al., arXiv: 1602.03545



Some properties of the relevant 
NS-NS and NS-BH mergers

Ruffini, Rodriguez, Muccino, Rueda et al., arXiv: 1602.03545



GW detectability by aLIGO, eLISA and resonant bars

Ruffini, Rodriguez, Muccino, Rueda et al., arXiv: 1602.03545
aLIGO sensitivity from Abbott et al., Liv. Rev. Rel. 19 (2016)
ELISA sensitivity from Klein et al. PRD 93, 024003 (2016)

NAUTILUS sensitivity from Astone et al., CQG 25, 114048 (2008)

Inspiral/merger

Solid/dots:
S-GRF: 1.4+1.4

Z=0.11, d=

Short-dashed/star :
S-GRB: 2.0+2.0

z=0.9

Dotted/triangle:
U-GRB: 1.5+3.0

z=0.17

Long-dashed/diamond:
U-GRB: 1.5+10

z=0.17



Detectability of GRB GWs by aLIGO

R is the GW “range”; the 
values for aLIGO from: 

Abbott et al., Liv. Rev. Rel. 
19 (2016)

Ruffini, Rodriguez, Muccino, Rueda et al., arXiv: 1602.03545



For more details see: Ruffini, Rodriguez, Muccino, Rueda et al.; arXiv: 1602.03545

IN CONCLUSION:
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