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A Comptonized Fireball Bubble 

Fits the Second Extragalactic Magnetar Giant Flare GRB 231115A



Discovery

The position of GRB 231115A coincides with the 
nearby starburst galaxy M82.*

position consistency
*reference: Mereghetti et al., 2024, Nature, doi:10.1038/s41586-024-07285-4 

further evidences

• length of the burst
• spectral properties

• limits on X-ray and optical counterparts*

• lack of a gravitational wave signal
• …

likely-short-GRB trigger
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Three Galactic MGF 

Magnetar Giant Flare (MGF)

Extragalactic MGF

*reference: Elenbaas et al., 2016, MNRAS, doi: 10.1093/mnras/stv2860

Schematic representation of MGF light curve*

saturated
tail invisible

The first confirmed extragalactic MGF
GRB 200415A

**reference: Yang et al., 2021, ApJ, doi: 10.3847/1538-4357/aba745

Light curves of GRB 200415A**



MGF GRB 231115A

*reference: Yin et al., 2024, ApJL, doi: 10.3847/2041-8213/ad2839

Observed properties of MGF GRB 231115A*



MGF GRB 231115A

Property diagrams of GRBs



The Comptonized Fireball Model

A schematic diagram of the Comptonized fireball bubble model*

*reference: Zhang et al., 2023, MNRAS, doi: 10.1093/mnras/stad443



The Comptonized Fireball Model

Schematic diagram for energy fractions of different components*

*reference: Zhang et al., 2023, MNRAS, doi: 10.1093/mnras/stad443



Spectral fits

a fireball-like emission source



Spectral fits

Spectral fitting results and corresponding statistics 



Implications

l0 ~ 1.95 × 105 cm

density ~ 1.07 × 1024 cm-3

B* ~ 2.51 × 1016 G

𝚪 ~ 13.30

IC- CC-dominated



Conclusions

• We found that the second observed extragalactic MGF, GRB 231115A, is similar to GRB 

200415A with respect to the temporal and spectral properties.

• We further employed the Comptonized fireball model to successfully infer the radiation 

origin of the burst, establishing a clear and self-consistent scenario to explain these 

peculiar bursts.

• The fits indicate relatively higher local magnetic fields (2.5×1016 G), increasing the 

likelihood of detecting gravitational waves generated by magnetar oscillations, making 

MGF GRBs promising candidates for kilohertz GW sources, especially if they can occur 

within our Galaxy.



Thank you.


