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A tale of two bursts: part one

Gamma-Ray Bursts



1967-1973: Are they astrophysical?

The Vela (The Vela (““WatchWatch””) Satellites (1959) Satellites (1959--1985)1985)

Monitor compliance with the 1963 Partial Test Ban TreatyMonitor compliance with the 1963 Partial Test Ban Treaty

GRB 670702



Where are they?



Isotropic Distribution



Distance Debate



1997: Discovery of afterglow & redshift

XX--ray afterglow: Costa et al. 1997ray afterglow: Costa et al. 1997

GRB970508GRB970508

z=0.,767z=0.,767

Metzger et al. Metzger et al. 

19971997

GRBs are at GRBs are at 

cosmological cosmological 

distances, and distances, and XX--ray afterglow: Costa et al. 1997ray afterglow: Costa et al. 1997

Optical afterglow: van Optical afterglow: van ParadijsParadijs et al. 1997et al. 1997

GRB 970228GRB 970228
distances, and distances, and 

GRBs are the GRBs are the 

most luminous most luminous 

explosions in the explosions in the 

universe.universe.



What make them?

By mid 90’s: 

128 different 

theoretical models ! 

“The only feature that all but 

one (and perhaps all) of the one (and perhaps all) of the 

very many proposed models 

have in common is that they 

will not be the explanation of 

gamma-ray bursts.”  

--- Malvin Ruderman (1975)

A theorist’s 

heaven or hell?



Destructive (non-repeating) or 

non-destructive (repeating)?

• GRB 790305 

= SGR 0525-66

• Soft Gamma-Ray • Soft Gamma-Ray 
Repeaters (SGRs)

• Magnetars: slowly-
rotating, highly-
magnetized neutron 
stars

SGR 1900+14 

(Hurley+ 99)



Destructive ones:

Short/Hard vs. Long/Soft



2017: GW170817/GRB 170817A

Most beautiful plot in astrophysics



GRB prompt emission

Afterglow

Central

Engine

Progenitor

Theoretical framework of GRBs

photosphere       internal (shock)             external shocks

(reverse) (forward)

Increasingly difficult to diagnose with electromagnetic signals



Open Questions in GRB Physics

• Progenitors & classification 
(massive star core collapse vs. compact 
star mergers; others progenitor 
systems? )

• Central engine (black hole vs. 
millisecond magnetar)

• Ejecta composition (fireball vs. 
Poynting-flux-dominated outflow)Poynting-flux-dominated outflow)

• Energy dissipation 
mechanism (shock vs. magnetic 
reconnection)

• Particle acceleration & 
radiation mechanisms 
(synchrotron, inverse Compton, vs. 
quasi-thermal)

• Afterglow physics (medium 
interaction vs. long-term engine activity) Cambridge University Press



Central Engine:
Black hole vs. millisecond magnetar?

Both engines seem to work in both long and short GRBs



Origin of the 1.7 s delay?
• Delayed launch of the jet?

• What did the system do in 1.7 s (very 

long time)?

• Delayed formation of a BH?
• BH not needed to produce short GRBs!

• Delayed dissipation (magnetic field 
amplification)?

• Allowed but not needed• Allowed but not needed

• Negligible central engine delay at all 
(propagation)!

• Duration ~ 2 s, Delay ~ 1.7 s, both time 

scales ~ R/�2c)

• Traditional GRB mechanism (large 

emission radius, Poynting-flux 

dissipation)

• Negligible engine delay, no significant 

cocoon emission

• No BH formation needed
GW170817/GRB 1708917A



GW170817: 
Is a long-lived NS allowed?

GW constraints: upper limit at least one order above prediction

Abbott et al. 2017, ApJL, 851, L16     Chassande-Mottin’s talk



GW170817: 
Is a long-lived NS allowed?

EM constraints: As long as Bp is low – constraints from UV/optical/IR (upper), 

gamma/X/radio (middle) and multi-band (lower)       

Ai et al. 2018, ApJ, 860, 57                       



AT2017gfo: long-lived-NS-driven?

Li et al. ApJL, arXiv:1804.06597

Yu et al., ApJ, arXiv:1711.01898 
Villar et al. 2017



A late time X-ray “flare”?

Piro, Troja, Zhang et al., 2018, submitted



Swift X-ray flares

and restarting central engine

Liang et al. 2006, ApJ, 646, 351
There is a long-lived NS/QS!

Piro, et al., 2018, submitted



Implications

• MTOV is large! Rule out many 

soft EoSs

• Small tidal deformability rules 

out many stiff EoSs

MTOV at least

out many stiff EoSs

• “Goldilocks” EoSs 

• Consistent with conclusions 

drawn from short GRB 

observations and modeling

MTOV >~ (2.35-2.4)



A tale of two bursts: part two

Fast Radio BurstsFast Radio Bursts

The history is astonishingly 
repeating itself …... 



2007: Report of the first FRB: 

Lorimer Burst

Lorimer et al. (2007)

First event: FRB 010125

Thornton, et al., 2013, ScienceTook 8 years to confirm their astrophysical origin



FRBs: Observational Clues

• Milliseconds duration: compact 

objects

• High Galactic latitudes, high 

dispersion measure (DM): 

cosmological distances

– Extreme luminosity (1043 erg/s)– Extreme luminosity (1043 erg/s)

– Extreme brightness temperature 

(Tb ~ 1034 -1037 K)

• High rate: ~1000 per day all sky: 

common phenomenon

• At least one FRB repeating: 

non-destructive

Cordes +, 2016, ApJ
Kaspi’s talk



FRBs vs. GRBs

GRBs FRBs

Step one: Are they 
astrophysical?

1967 – 1973 2007 – 2015 

Step two: Where are 
they (distance)?

1973 – 1997 – 2004  
(Afterglow counterpart, 

2016 
(Persistent radio they (distance)? (Afterglow counterpart, 

host galaxy)
(Persistent radio 
source, host galaxy)

Step three: What make 
them?

1998 – 2017 
(SN Ic, GW)

??? 
(pulsars? massive 
black holes? GRBs? 
GWs?)

Observationally driven 
Healthy dialog between observers and theorists



Multiple progenitor systems?

GRBs

Repeating/nearby Catastrophic/cosmological

SGRs
Core collapse Compact star merger

FRBs

Repeating 
Cosmological!

Catastrophic? 
Cosmological?

repeater

LGRBs SGRBs

repeater

Sub-classes??

Known observationally-defined transients have multiple progenitors (SNe & GRBs)





Most will not be the 

correct interpretation



Models for repeating FRBs 

• Extremely bright giant pulses from 

young pulsars? (Connor et al.; Cordes)

• Associated with magnetar giant 

flares? (Popov et al; Kulkarni et al.; Katz)

• Synchrotron maser from young 

magnetars? (Metzger et al; Ghisellini; magnetars? (Metzger et al; Ghisellini; 

Waxman; Beloborodov)

• Comets – neutron star collisions 
(Dai et al)

• Kinetically powered 

magnetospheric reconfiguration 

(cosmic combs)?

Zhang (2017; 2018)



Models for catastrophic FRBs 

• “blitzars”: collapse of supra-

massive neutron stars? (Falcke 

& Rezzolla 2014; Zhang 2014)

• NS-NS mergers (Totani 2013; 

Wang et al. 2016)

• Mergers of charged compact • Mergers of charged compact 

objects (BH-BH. BH-NS, NS-

NS) (Zhang, 2016)



An even more beautiful plot in astrophysics?

Zhang, 2014, ApJ, 780, L21
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Concluding remarks

Gamma-Ray Bursts

•It has been a lot of fun studying GRBs;

•Still a lot of fun coming in the era of multi-messenger 

(EM, GW, neutrinos …) astronomy

Fast Radio Bursts:

•The fun has just started in the field of FRBs

•Instead of reading history, one can actually make 

history (both observationally & theoretically)


