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The Ep-L relation

GRB 170817A does not follow the regular correlations.

(Wang et al. 2017)



Jet signature of GRB 170817A

(Mooley et al. 2018)(Troja et al. 2018)

spectral index β ~ -0.6,            temporal decay index α ~ -2.2

electron index p ~ 2.2



Structured jet

(Jin et al. 2018)

θ>θj, flux drop 

very quickly

can be seen for 

relative large angle



◼ Besides GRB 170817A, are there any other 

short GRBs show evidence of structured 

jet?



One example: GRB 051221A

(Burrows et al. 2006)

T90 ~ 1.4s

Epeak ~ 400 KeV

z=0.5464

α1~ 1.16

α3~ 1.09

α2~ 0.04



The X-ray afterglow of short GRB 051221A

( Jin et al. 2007)

The X-ray afterglow flat segment of short GRB 051221A can 

be well reproduced by two-component jet model.



◼ Whether GW170817-like mergers are 

indeed the source of the bright sGRBs?

◼ Need to look for direct link between 

GW170817/GRB 170817A and other bright 

sGRBs



The structured jet model

◼ The structured jet model has been investigated by 

many papers (e.g. Meszaros et al. 1998; Dai & 

Gou 2001; Zhang & Meszaros 2002; Rossi et al. 

2002; …)

◼ The afterglow light curves will be affected by the 

jet structure (e.g. Wei & Jin 2003; Kumar & 

Granot 2003; …)



GRB afterglow light curves from structured jet

(Kumar & Granot 2003)(Wei & Jin 2003)

If viewed off-axis, the early afterglow emission is quite different for different 

viewing angle,  while at late time the afterglow emission are similar.  α ~ p



The X-ray afterglow of GRB170817A vs. other sGRBs

(Duan et al. 2019)

Extrapolate the late X-ray afterglow data to early time. If viewed 

on-axis, the afterglow would be brighter than many other sGRBs.



The optical & radio afterglow

There is a tight connection between GW170817-like mergers 

and other bright sGRBs. 



Nearby sGRBs

◼ It is expected that during aLIGO/Virgo O3 runs 

more 170817A-like events will be detected?

◼ Since the Advanced LIGO/Virgo can only detect 

gravitational signals from binary neutron star 

mergers or black hole-neutron star mergers at 

close distances, so the sGRBs associated with 

gravitational waves will be detected mainly at 

close distances.



Characteristics of sGRBs with SJ

◼ For structured jet, we use the Gaussian distribution 

to describe the luminosity and Lorentz factor 

distribution 

◼ For sGRBs originating from the merging of binary 

compact objects, the formation rate of sGRBs 



The formation rate of sGRBs

(Guo,Wei & Wang 2020)



The distribution of luminosity

At d=200 Mpc, 

Lp~ 8 ×1047 ergs-1

(Guo,Wei & Wang 2020)



The distribution of viewing angle

At d=200 Mpc, 

viewing angle ~17°



The evolution of luminosity and viewing 

angle with redshift

The observed typical 

luminosity increase with 

redshift, while the typical 

viewing angle decrease with 

redshift.

At smaller redshift the 

luminosity rise rapidly while 

at larger redshift (such as 

z>1) they increase slowly.



Detection probability & normalized number distribution



α inferred from simulation



The expected detection rate of sGRBs

GECAM Detection rate(yr-1) Luminosity(ergs-1)

200Mpc 1.04 -35.96 6× 1046

1 Gpc 16.97 -593.91 4× 1048



Compare with observation



Statistical properties of GRBs

◼ Two-parameter or three-parameter correlations:

◼ Ep – Eiso (Amati et al.)

◼ Ep – Liso (Yonetoku et al.)

◼ Ep –Eiso –tbreak (Liang & Zhang)

◼ Ep –Liso –T0.45 (Firmani et al.)

◼ …….



Sample selections

◼ The redshift z

◼ The peak flux P and the peak fluence F

◼ The peak energy Ep

◼ Low-energy power-law index α and high-energy 

power-law index β of the Band function

◼ T0.45



Ep- Liso & Ep- Eiso

(Guo, et al.2020)



Ep- Liso - T0.45 & Ep- Eiso- T0.45

(Guo, et al.2020)



The scatter distribution



A new redshift indicator



Luminosity function & formation rate



kilonova: transient from neutron star merger

◼ Kilonova: Neutron star merger will produce an outflow 

dominated by r-process materials, the radioactive decay of 

the material will produce a supernova like transient (Li & 

Paczynski 1998).

◼ Merger-nova: if the merger remnant is a magnetar rather 

than a black hole, the spin-down power would enhance the 

kilonova emission (Yu et al. 2013, Gao et al. 2015, 2017)



➢ GRB 130603B （Tanvir et al. 2013, Berger et al. 2013）

➢ GRB 060614 (long-short GRB)（Yang et al. 2015, Jin et al. 2015）

➢ GRB 050709 （Jin et al. 2016）

➢ AT2017gfo (…Pian et al. 2017, Covino et al. 2017, LIGO and Virgo 

et al. 2017…)

➢ GRB 150101B (Troja et al. 2018)

➢ GRB 070809 (Jin et al. 2019)

➢ GRB 160821B (Jin et al. 2018, Gompertz et al. 2018, Troja et al. 

2019, Lamb et al. 2019)

Known kilonova（candidates）

34



GRB 130603B：first kilonova signal

(Tanvir et al. 2013, Nature) (Berger et al. 2013, ApJL)



GRB060614：first light curve of kilonova?

(Jin, Li & Cano et al. 2015 ApJL): 
47



GRB 060614 & AT2017gfo vs. SNe

Jin et al. 2016 EPJWC               Smartt et al. 2017 Nature          Arcavi et al. 2017 Nature
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GRB 060614: first measurement of the (late 

time) temperature of kilonova?
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Jin et al. 2015 ApJL:  at t>3.8 days 

the emergence of a soft component 

GW 170817

late temperature ~2500K

(Drout et al. 2017 Science)

GRB 060614

temperature ~2700K@13.6days

A late time temperature of 

~2500 K
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GRB 050709: kilonova signal
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Left: The decline behaviors of  I/F814W and 

R are significantly different! 

Right: GRB 050709 I/F814W band light 

curve is similar to the kilonova of GRB 

060614.
(Jin et al. 2016)



GRB 070809: limited but useful data 

Keck R 0.5 day                            Keck R 1.5 days                 HST F606W 731 

days

G1: z=0.218, offset 5.9 seconds (Perley 2008)

G2: z=0.473, offset 6.0 seconds (Berger 2010)

GRB site: m(F606W)>28.0 AB mag
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GRB 070809: spectra
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GW170817    0.5 day

Black Body    10000K

GW170817    0.6 day

Black Body      7600K

GRB070809 (z=0.22)

Black Body      5830K

GRB070809 (z=0.47)

Black Body      7050K

X-ray spectrum is very hard,  the optical spectrum is very soft.

The kilonova emerge at early time ( t < 0.5 day ) .

At z=0.22, the flux is close to GW170817, but the temperature is lower 

(5800K/7000K vs 10000K).

z=0.22

(Jin et al. 2020)



GRB 070809: the kilonova signal 

Jin et al. (2020 Nat. Astron.):

GRB 070809 has the hardest

X-ray spectrum and the

softest optical spectrum.

The thermal-like optical

emission is well in excess of

the extrapolation of the X-ray

spectrum!
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(Jin et al. 2020)

Statistical properties of kilonovae 
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Summary

◼ We calculate the luminosity distribution of sGRBs and 

its evolution with redshift , for nearby sGRBs 

(luminosity distance less than 200Mpc) the typical 

luminosity is just around 1046 – 1047 ergs/s, the detection 

rate is about 1 yr-1.

◼ We find a universal correlation that is suitable for both 

long and short GRBs.

◼ kilonova candidate: GRB 060614, GRB 050709, GRB 

070809



Thank you！


