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Old-Type GRBs
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• Collapsar or Merger Hints

• Central Engine (Compact Star + Disk + Jet)

• Prompt Emission:   -ray , X-ray  (sometimes), GeV, EE  (seconds ~ hours)

• Afterglow : X-ray, optical, radio, GeV (mintutes ~ hours ~ years)

• SN: optical  (~ weeks )

• Kilonova:  optical, UV (~ hours)

• Host: optical , radio，other wavelength (~ always)


𝛾

“Expected”
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“Old” Type short & long GRBs  

• Precursors: all-wavelength 

• Prompt Emission: optical, radio, (early) X-ray,  -ray , GeV, TeV  

• Afterglow : (early) X-ray, (early) optical, (deep) optical, radio, GeV

• SN 

• Kilonova:  optical, UV, (large sample)

• Host: optical , radio , (large sample)

• Neutrinos

• Gravitational Waves

• VHE  (e.g., LHAASO observations of GRB 190829A)


 

𝛾

Unusal & New-Type GRBs
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“Old” Type short & long GRBs  

• Precursors: all-wavelength 

• Prompt Emission: optical, radio, (early) X-ray,  -ray , GeV, TeV  

• Afterglow : (early) X-ray, (early) optical, (deep) optical, radio, GeV

• SN 

• Kilonova:  optical, UV, (large sample)

• Host: optical , radio , (large sample)

• Neutrinos

• Gravitational Waves

• VHE  (e.g., LHAASO observations of GRB 190829A)

“New-Type” GRBs  

• Ultra-Long GRBs ( ~ hours, all wavelength, all time frames)

• Ultra-Soft GRBs  (~ low Ep, thermal spectrum, all wavelength, all time frames)

• X-ray only GRBs ( a.k.a. X-ray transient,  Xue et al. 2019, Nature)

• GRB related to other unusual sources (e.g., FRBs ? Dai et al.; GWs ;  )

• Sub-TeV GRBs 

• Sub-threshold GRBs  (more interesting if coincidence w/ other messengers/wavelength) 

• Temporally or spectrally peculiar GRBs (LL, extra component, etc )

• SGR GF GRB; 

• Unknown-Origin GRBs (trouble makers)


𝛾

Unusal & New-Type GRBs
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“Old” Type short & long GRBs  

• Precursors: all-wavelength <==

• Prompt Emission: optical, radio, (early) X-ray,  -ray , GeV, TeV  

• Afterglow : (early) X-ray, (early) optical, (deep) optical, radio, GeV

• SN 

• Kilonova:  optical, UV, (large sample)

• Host: optical , radio , (large sample)

• Neutrinos

• Gravitational Waves

• VHE  (e.g., LHAASO observations of GRB 190829)

“New-Type” GRBs  

• Ultra-Long GRBs ( ~ hours, all wavelength, all time frames)

• Ultra-Soft GRBs  (~ low Ep, thermal spectrum, all wavelength, all time frames)

• X-ray only GRBs ( a.k.a. X-ray transient,  Xue et al. 2019, Nature)

• GRB related to other unusual sources (e.g., FRBs ? Dai et al.; GWs ;  )<==

• Sub-TeV GRBs 

• Sub-threshold GRBs  (more interesting if coincidence w/ other messengers/wavelength)<==

• Temporally or spectrally peculiar GRBs (LL, extra component, etc )

• SGR GF GRB; <==

• Unknown-Origin GRBs (trouble makers)<==


𝛾

Unusal & New-Type GRBs
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• Gravitational Wave GRBs — 短暴起源的多新使研究、中⼦星物理 

• Precursors of GRBs — GRB 的早期物理


• Sub-threshold GRBs — 短暴前身星、引⼒波源的样本全⾯性 

• SGR-GF GRBs — 全新物理起源


• Unknown-Origin GRBs — 未知新物理
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GW GRBs (e.g., GRB 170817A)

New-Type GRBs

Fermi, LIGO Team, 2017, PRL 

Zhang, B.-B. et al, 2018, Nature Comm, 9, 447 Hajela, et al, 2021, arxiv 2104.02070
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More GW GRBs?

Case Type EM Ref.

GW150914-GBM/
GW150914 BH-BH very unlikely EM Connaughton+15

GRB170817A/
GW170817/AT


2017gfo 
NS-NS Definitely Beautiful! 	 Abbott+17

S190510g NS-NS 13 optical EM candidtes, 
NONE confirmed Andreoni+19a

S190814bv BH-NS Deep search yeild nothing 
confirmed in EM

Andreoni+19b

Dobie+19, etc

GW190425z NS-NS 13 optical candiates, nothing 
confirmed 

Coughlin+19a 
Antier+19

S190426c, S190510g, 
S190901ap, 
S190910h

NS-? deep search, some candiates, 
nothing confirmed

Coughlin+19b

Goldstein+19

“l-OGC 151030” NS-NS
found by 3rd party,


sub-threshold, high FAR,

GW NOT confirmed by LIGO

Nitz+19

GBM-190816 BH-?
Both GW and EM  

are identified as sub-threshod 
by LVC/Fermi 

GCN Circulars
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Sub-threshold GRBs

New-Type GRBs

(dig out a needle in a haystack)



Subthreshold GRBs  More interesting  w/ GW
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GW

Yang, Y.-S, Chand, BBZ et al, 2020, ApJ, 899, 60

(NS-BH event, 2nd GW-EM association  
 subject to LIGO/Fermi official confirmation) 

可能为第⼀例中⼦星-⿊洞并合GRB事件



How can dig it?

✓Prove it is a GRB.

✓Assume the GW signal is real (LIGO says so).

✓Find what can make it .



Burst Confirmation
Spectral Analysis  
 

Advanced mission-independent data analysis tools:  
Input:  Time & Location

Output: All you need

Things Considered:  Geometry, Detector Rsp, S/N 
Counts Statistics,  BKG Modeling, Noise Uncertainties …



Burst Confirmation

GBM-190816 as a short GRB



POSSIBLE SUB-THRESHOLD 

GRAVITATIONAL WAVE SIGNAL 

Information: 
1. L1 and V1 data are available at that time.

2. LVC identified a possible CBC candidate at 

2019-08-16 21:22:13.027 UTC.

3. The network S/N of this sub-threshold event is below 

the threshold of GW analysis pipelines, which is 12. 

4. The luminosity distance of the event is constrained to 

362±151 Mpc 

5. The lighter compact object of this CBC event may 

have a mass < 3 M⊙ 


Assumptions: 
1.  One compact object of this CBC event is an NS with a 

mass of 1.4 M⊙ 

2. The sensitivity of the L1 detector in O3 is twice of that       

in O1. 

3. The S/N of the event is 8 and mostly contributed by 

L1.    

Constraints: 
Follow the FINDCHIRP pipeline (Allen et al. 2012). The 
mass ratio lies in q ~  [2.142, 5.795]



GW
GBM-190816

GW

GRB 170817A 
Duration: 2 s 
Delay: 1.7s 

Duration: 0.1 s 
Delay: 1.57s

What a concidence!



What can cause the delay?

(1) ∆tjet, 

  delay time to launch a clean relativistic jet. Includes three parts :


①.The waiting time ∆twait for a central object (BH) to form, 


②. The accretion time scale ∆tacc,


③. time ∆tclean for the jet to become clean. 

In the case GBM-180916, at least one BH exists in the pre-merger system so  

∆twait is 0.  
 ∆tclean ∼ 0 (BH) 
 ∆tacc is typically ∼ 10 ms.  
So ∆tjet is at most 0.01 s. 


(2) ∆tbo

 delay time for the jet to break out from the surrounding medium.  

For an NS-BH central engine, ∆tbo is typically 10 ms to 100 ms.  
(3) ∆tGRB, 

delay time for the jet to reach the energy dissipation and GRB emission site.  

 ∆tGRB = R/2cΓ2.   <— should mostly account for the delay
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• Gravitational Wave GRBs — 短暴起源的多新使研究、中⼦星物理 

• Sub-threshold GRBs — 短暴前身星、引⼒波源的样本全⾯性 

• Precursors of GRBs — GRB 的早期物理


• SGR-GF GRBs — 全新物理起源


• Unknown-Origin GRBs — 未知新物理



Precursors of GRBs
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Zhang B.-B. et al 2018 Nature Astronomy

Precursors can be common:  photosphere emission is always there….



Precursors of GRBs
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Zhang B.-B. et al 2018 Nature Astronomy

Precursors can be common:  photosphere emission is always there….



Precursors in short GRBs
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Wang, J.-S. … BBZ, …et al.  2020, ApJL

• Found 16 out of 529 sGRB  (3%).

• Thermal or Non-Thermal

• Shock breakout, photospheric, magnetospheric   

• 

 

Γ ∼ 30
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SGR GF GRB 200415A
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Yang, Jun, Chand, BBZ et al 2020, ApJ, 899,166

1st confirmed short GRB that comes from magnetar giant flare 
(Not a sGRB from NS-NS, NS-BH merger)  



SGR GF GRB 200415A
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磁星超级耀发的新型伽⻢射线暴

Yang. J, Vikas Chanda, Zhang, B.-B. et al. , 2020，ApJ, .899, 106

GRB领域内重要事件（2021年多篇Nature⽂章；NASA Press Release）



Direct Hint

✓Spatially associated with a nearby galaxy @ 3.5 Mpc

✓Short, Bright,  High Epeak ,  LAT detection  



Localization

IPN location  to the Sculptor galaxy :  5.7 arcmin 


Chance probability:   (Bloom et al 
2002)


Distance of Sculptor galaxy  (NGC 253 ): 3.5 Mpc 

𝟏 . 𝟑 × 𝟏𝟎−𝟓



Giant Flare GRBs : Previous Attempts 

NO Smoking Gun!



GRB 200415A: unprecedented data and smoking guns!

Yang, Jun, Vikas Chanda, BBZ et al. 2020 ApJ, 899, 106



GRB 200415A: Light Curve

Yang, Jun, Vikas Chanda, BBZ et al. 2020 ApJ, 899, 106

Bayesian block light curve



GRB 200415A: Tiny Lags 

Yang, Jun, Vikas Chanda, BBZ et al. 2020 ApJ, 899, 106

Emission Region should 

be one-time fireball-like.



GRB 200415A: Time-Dependent Spectral Analysis

Yang, Jun, Vikas Chanda, BBZ et al. 2020 ApJ, 899, 106



GRB 200415A: Time-Dependent Spectral Evolution

Yang, Jun, Vikas Chanda, BBZ et al. 2020 ApJ, 899, 106



GRB 200415A: Time-Dependent Spectral Constraints

Yang, Jun, Vikas Chanda, BBZ et al. 2020 ApJ, 899, 106

mBB

CPL



GRB 200415A: Summary of Properties

Yang, Jun, Vikas Chanda, BBZ et al. 2020 ApJ, 899, 106



GRB 200415A: Comparison with Other GF GRB Candidates

Yang, Jun, Vikas Chanda, BBZ et al. 2020 ApJ, 899, 106

Yes, Nature paper accetped



GRB 200415A: Amati Relation

Yang, Jun, Vikas Chanda, BBZ et al. 2020 ApJ, 899, 106



Additional Cases? 



Additional Cases?

Yes!

 

Zhang,B.-B. et al  in prep.
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• Gravitational Wave GRBs — 短暴起源的多新使研究、中⼦星物理 

• Sub-threshold GRBs — 短暴前身星、引⼒波源的样本全⾯性 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New Type Unusual GRBs
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Trouble Makers: Unknown-Origin GRBs



• Short GRBs can be apparently long (because of extended emission/tails)

(so we can ignore the tail, and make a short GRB from a long one  )

Bottom Lines about short and long



• Short GRBs can be apparently long (because of extended emission/tails)

• Long GRBs can be apparently (fat-)short (because of tip of iceberg effect) 

 

Plus,  recent GRB 201015A (short+tails)  

Bottom Lines about short and long



Bottom Lines about short and long



Zhang, B.-B. et al 2021, Nature Astronomy

GRB 200826A !



Zhang, B.-B. et al 2021, Nature Astronomy

GRB 200826A : A Bright GRB



Zhang, B.-B. et al 2021, Nature Astronomy

GRB 200826A : Host Galaxy

Typical LGRB Host

 
Redshift = 0.75 
 
Offset  = 2.6 kpc  
 
SFR > 1.44 


SSFR > 0.35 


M⊙yr−1

Gyr−1
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Zhang, B.-B. et al 2021, Nature Astronomy

GRB 200826A : Spectra & Energy






F ~ 


α = − 0.68
Ep = 120keV

4.9 × 10−6erg cm−2

Eiso = 7.1 × 1051erg
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Zhang, B.-B. et al 2021, Nature Astronomy

GRB 200826A : Correlation








F ~ 


α = − 0.68
Ep = 120keV
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Offset  = 2.6 kpc  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Zhang, B.-B. et al 2021, Nature Astronomy;    Ahumada et al. 2021, Nature Astronomy 

GRB 200826A : A Supernova!
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α = − 0.68
Ep = 120keV

4.9 × 10−6erg cm−2

Eiso = 7.1 × 1051erg

Typical LGRB Host

 
Redshift = 0.75 
 
Offset  = 2.6 kpc  
 
SFR > 1.44 


SSFR > 0.35 


M⊙yr−1

Gyr−1

Zhang, B.-B. et al 2021, Nature Astronomy 

GRB 200826A : But it is definitely short !

NO Tail and NOT fat



Zhang, B.-B. et al 2021, Nature Astronomy

Everything looks like a long GRB, except for its definitely short duration! 

(f, HR, spectra, energy, epsilon, lag, offset, log O, SN)

NO Tail  and NOT fat

(Collaborators:  PKU, HEBNU, YNAO, GXU., USTC , IAA, UNLV,)

GRB 200826A: “shortest-long gamma ray burst”



GRB 200826A: “shortest-long gamma ray burst”

Everything looks like a long GRB, except for its definitely short duration! 

Zhang, B.-B. et al 2021, Nature Astronomy



A successfully theory on GRB 200826A should: 

1. reproduce its short duration.

2. not evolve with the tip-of-iceberg effect.

3. explain its all other properties consistently with long GRBs

4. explain why it is rare (1/10000)



Trouble Maker GRB 200826A

How to make it?   We don’t know (yet)!   

𝑡ff ∼ (
3𝜋

32G𝜌
)1/2 ∼ 210s(

𝜌
100gcm−3

)−1/2

Hints :  (1) large density?  —> WD —> WD-involved merger?  (NS-WD? )

         (2) Delay between the collapse (“supranova”) and NS-powered short-duration GRB ? 

         (3)  Not accretion powered:  NS diff. rotation?  
    

         (4) Needs time to breaking stellar envelope :


         (5) Dirty engine:   new-born magnetar with  heavy baryon loading and mild-relativistic jet         

Δ𝑡𝐺𝑅𝐵 = Δ𝑡𝑒𝑛𝑔𝑖𝑛𝑒 − Δ𝑡𝑗𝑒𝑡 ≃ 1𝑠

Short

Long



Trouble Maker GRB 200826A

NS-WD Merger?

Possible SN 

AG

Mergenova

Peng, Z.-K. , BBZ, et al., 2021, in prep.





Time to be open-minded about GRB origins

GRB 200415A 
Yang, J. BBZ et al 2020

GRB 200826A 
(Maybe; Zhang et al)


