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A (not-very-recent) new-type GRB 060614

GRB 060614
• 6-s peak + 100-s tail
• no SN (so: merger)



GRB 060614
• 6-s peak + 100-s tail
• no SN (so: merger)

“Making a Short Gamma-Ray Burst from a Long One”

  Zhang, B, Zhang, B.-B. et al. 2017, ApJL.

• an evolving softer tail  
• instrumental effects

A (not-very-recent) new-type GRB 060614
and efforts to explain it in the standard models



Why were we so obsessed 
w ith making a merger event shorter?

because we do not have so much freedom in the central engine time scale
(if it is accretion powered):

푡�푑푢�� ∼ 푡� 푎푐푐� ≥ 푡� 푓푓� ∼ (
3휋�

32퐺� 휌� )1 2

For NS:  휌 = 1014푔푐�−3; 푡푓푓 ∼ 0.2��
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But we can’t ignore EE for these two (significant HE till EE):

GRB 211211A GRB 230307A
(Yang, et al. 2022, Nature) (Sun, et al. 2023, Nature submitted)



GRB 060614

But we can’t ignore them for these two (significant HE till EE):

GRB 211211A GRB 230307A
(Yang, et al. 2022, Nature) (Sun, et al. 2023, Nature submitted)

푡푑푢� ≥ 10�

푡푓푓 ∼ (
3휋
32퐺휌

)1 2

휌 = 106−7푔푐�−3 ∼ 휌푊�



NS+WD merger as origin for oddball GRBs 
(211211A, 230307A)

• rare NS-WD combination : requires q=mWD/mNS~1; produces a magnetar; 
     neutron-rich wind launched during AIC of the WD to the NS.

• ME — initial accretion phase (few sec)

• EE  — magnetic bubbles (Kluźniak & Ruderman 1998; Ruderman 2000)

•  X-ray Plateau —  spin-down power of  the long lasting central engine 

• KN — engine-fed kilonova; energy injection from the magnetar central engine 



NS+WD merger as origin for oddball GRBs 
(060614, 211211A, 230307A)

•  X-ray Plateau —  spin-down power of  the long lasting central engine 

• KN — engine-fed kilonova; energy injection from the magnetar central engine 

Yang, J. et al. 2022, Nature 



Additional evidence of magnetar emergence in GRB 230307A

Sun, H. et al, 2023, under revision

NS+WD merger as origin for oddball GRBs 
(060614, 211211A, 230307A)



Any alternative models? 
e.g., NS+BH + fallback+MAD

Zhu, J.-P. et al. 2023 Gottlib, O. et al. 2023

But fails on anti-correlation luminosity and duration, X-ray plateau, magnetar 



Long-duration Type-I GRBs; probably due 
to 
NS+WD merger
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Magnetar GF, non-GRB



Magnetar GF (non-)GRBs 200415A & 
231115A

extremely short, close-by (3.5 Mpc), off-track  in Ep-Eiso,  no KN

GRB 200415A, Yang, J. et al. 2020 ApJL



Magnetar GF (non-)GRBs 200415A & 
231115A

extremely short, close-by (3.5 Mpc), off-track  in Ep-Eiso,  no KN

GRB 231115A, Yin, I. Y. et al. 2023 in prep



Magnetar GF (non-)GRBs 200415A & 
231115A

a comptonized fireball bubble

Zhang, J. Z. et al, 2023 MNRAS; GRB 231115A, Yin, I. Y. et al. 2023 in prep.

Thermal photons of the 
expanding fireball are  
Comptonized by the relativistic 
e± pairs in the magnetar wind 
region   coherent Compton 
scattering + inverse Compton



MGF GRBs are likely from a comptonized fireball 
bubble

Magnetar GF, non-GRB



Magnetar GF, non-GRB

Short-duration Type-II GRB



Short-duration Type-II GRB 200826A

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

An otherwise perfect collapsar GRB with SN, 
except for its extremely bright sharp peak lasting for 1 second 
(tip of the iceberg not likely).



Short-duration Type-II GRB 200826A

challengeable to make it short if 
it is really accretion powered: 
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Two options to make a 10-s Collapsar GRB short:
• Increase baryon flavors in the jet (week jet; low S/N)
• Allocate dedicated 9s to facilitate breakout (coincidence).



Short-duration Type-II GRB 200826A

Two options to make a 10-s Collapsar GRB short:
• Increase baryon flavors in the jet (week jet; low S/N)
• Allocate dedicated 9s to facilitate breakout (coincidence).

Credit: NASA/GSFC



Short-duration Type-II GRB 230812B



Short-duration Type-II GRB 230812B



Short-duration Type-II GRB 230812B, 
typical sync.



Long-duration Type-I GRBs

Magnetar GF, non-GRB

Short-duration Type-II GRB

Towards a more physical classification



Merger/ Core-collapse/

oPeculiar Core-Collapse Type-II GRB

      GRB 200826A (B.-B. Zhang et al. 2021 NA)

oPeculiar Merger Type-I GRB

      GRB 211211A (Jun Yang et al. 2022 Nature)

      GRB 230307A (HUi Sun et al, submitted )

oPeculiar Magnetar Giant Flare GRB

      GRB 200415A (Jun Yang et al. 2020 ApJ)
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GRB 211211A-like Events and 
How GWs May Tell Their Origins 

• NS-BH merger : detectable by ground-
based detectors

• NS-WD merger: detectable by decihertz 
space GW detectors

• NS-WD merger: detectable by millihertz 
space GW detectors at ~ 3 Mpc
 (LISA, Taiji and TianQin)  

Yin, I. H, et al. 2023, ApJL in press, arXiv: 

230406581

- - - - - - - -
GW signals

___

detectors noise



New  Types of Gamma-ray Bursts 
Push our New  Understandings about their 
Origins & Mechanisms



Let’s expecting more news, when we meet 
again!  

http://grb2024.org


