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Introduction: GRBs
Detection

Swift: Burst Alert Telescope (~3 
arcminutes), X-Ray Telescope 
(~several arcseconds), Ultra-Violet 
and Optical Telescope sub-
arcseconds)
The detection rate is 1 GRB per ~	week

Fermi: Gamma-ray Burst Monitor (tens 
of square degrees), Large Area 
Telescope (~square degrees)
The detection rate is 1GRB per ~2 days

NASA, ESA and M. Kornmesser

Space Variable Objects Monitor (SVOM): Gamma-ray Burst Monitor (~tens 
of degrees; ~100 GRBs per year), ECLAIRs (~tens of arcmin; ~200 GRB in 3 
years), Microchannel X-ray Telescope (~tens of arcseconds; ~50 GRB per 
year), Visible Telescope (sub-arcseconds; ~40 GRBs per year)

Einstein Probe (EP): Wide-field X-ray 
Telescope (~arcminutes), Follow-up 
X-ray Telescope (~tens of 
arcseconds)
The detection rate is ~100 per year
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Introduction: GRBs
Classification
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Short GRBs Long GRBs
Duration less than ~ two 
seconds

Duration more than ~ two 
seconds

NS+NS or NS+BH mergers Core-collapse supernova (Ic-BL)
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Classification
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Duration less than ~ two 
seconds
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seconds
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SN-GRBs: prerequisites
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• Zeh et al., 2004
• Woosley & Bloom, 

2006
• Richardson, 2009
• Hjorth & Bloom, 2012
• Modjaz et al., 2016
• Cano et al., 2017
• Kumar & Sharma, 

2024
• Many more…
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SN-GRBs: sample gathering
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Observed light curve Host galaxy subtracted light curve Supernova light curve
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SN-GRBs: sample
• GRB 970228
• GRB 980425
• GRB 990712
• GRB 011121
• GRB 020903
• GRB 021211
• GRB 030329
• GRB 031203
• GRB 040924
• GRB 041006
• GRB 050525A 7

• GRB 060218
• GRB 060729
• GRB 071112C
• GRB 080319B
• GRB 081007
• GRB 090618
• GRB 091127
• GRB 100316D
• GRB 101219B
• GRB 111209A
• GRB 111228A

• GRB 120422A
• GRB 120714B
• GRB 120729A
• GRB 130215A
• GRB 130427A
• GRB 130702A
• GRB 130831A
• GRB 140606B
• GRB 150818A
• GRB 161219B
• GRB 171010A

• GRB 171205A
• GRB 180728A
• GRB 181201A
• GRB 190114C
• GRB 190829A
• GRB 200826A
• GRB 201015A
• GRB 211023A
• GRB 220219B
• GRB 221009A
• GRB 230812B
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SN-GRBs: distributions

• SN parameters
• 𝑴𝑽 — the absolute magnitude at peak brightness of the associated 

supernova, indicating its intrinsic luminosity
• 𝑻𝒎𝒂𝒙 — the time of the supernova's peak brightness relative to the GRB 

trigger
• GRB prompt emission parameters
• 𝑬𝒑𝒆𝒂𝒌 — The energy at which the prompt GRB spectrum (νFν) peaks
• 𝑬𝒊𝒔𝒐 — The isotropic-equivalent energy released during the GRB 

prompt phase, assuming emission in all directions
• 𝑻𝟗𝟎 — The duration over which 90% of the GRB’s total prompt emission 

fluence is observed

8
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SN-GRBs: Mv-Tmax
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• Spearman's rank correlation 
coefficient:

-0.104 (p-value=0.511)
-0.138 (p-value=0.382; no outliers)

• “Golden” means spectroscopy 
+ V rest frame filter
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SN-GRBs: distributions Tmax
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SN-GRBs: distributions Tmax
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0.058 (0.710)
0.102 (0.517)a

0.292 (0.061)

0.218 (0.165)

0.199 (0.205)
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SN-GRBs: distributions Mv
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SN-GRBs: distributions Mv
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0.408 (0.006)
0.270 (0.096)a

-0.049 (0.760)

-0.132 (0.395)

-0.172 (0.275)
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SN-GRBs: Mv-Eiso
Detection
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SN-GRBs: Mv-Eiso
Detection

15

?
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SN-GRBs: Mv-Eiso
Clustering
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DBSCAN

GMM

K-means



Sergey Belkin | GRB-SNe: Correlations & Clustering?

SN-GRBs: Mv-Eiso
Silhouette metric (SM)
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0 +1-1

• Measures how similar an object is to its own cluster 
compared to other clusters

GoodAmbiguousMisclassified

+0.411
Although the clustering is not sharply defined, the structure 

is still meaningful and non-random
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SN-GRBs: Mv-Eiso
MC Sampling example
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SN-GRBs: Mv-Eiso
Silhouette metric probability p-value: 30%

19
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SN-GRBs: Mv-Eiso
Silhouette metric probability: edge GRBs

• GRB 031203 (59.89%)
• GRB 201015A (2.51%)
• GRB 050525A (0.33%)

• Spearman's rank 
correlation coefficient:

Cluster 0:
0.564 (0.010)
0.521 (0.022)a
Cluster 1:
0.620 (0.001)
0.766 (2x10-5)a

20
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SN-GRBs: Mv-Eiso
Why?

• Intrinsic differences in progenitor properties?
• Explosion energetics and central engine effects?
• Jet collimation and viewing angle?
• Selection effects and observational biases?
• There is no clustering. Sample is too small…

21
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Side thoughts
Betteridge’s law of headlines:
Any headline that ends in a question 
mark can be answered by the word 
no

Meanwhile, our title is “Probing the 
Diversity of GRB-Associated 
Supernovae: Is There Any Correlation 
or Clustering?” Coincidence? 22
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Practical application
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SN-GRB
SN-GRB Golden Sample

Tmax, days
M
V

t-t0, days

F,
 m

Jy
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Conclusion

•Sample is sampled, ok

•Correlations don’t correlate :(

•Clustering? Well, 50-50 :)

•But practically used👍
24

Paper is here :)
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SN-GRBs: other samples

•Paper: Li et al. 2023, MNRAS, 524, 1096–1112
•Scope: Literature-compiled GRBs labelled as 
SN or KN; analysis focuses on prompt 
gamma-ray and X-ray afterglow properties
•Example: GRB 100418A
•With SN: de Ugarte Postigo et al., 2018
•Without SN: Marshall et al., 2011; Jia et al., 2012; 

Niino et al., 2012
26
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SN-GRB: statistics

27

July 2, 1967 April 25, 1998

First-ever GRB detection First SN-GRB confirmation

More than 13470 GRBs
(the data is as of August 29, 2021;

Hurley masterlist)

44 SN-GRBs
(the data is as of December 27, 2023;

Belkin et al., 2024)

27 spectroscopically 
confirmed

SN-GRBs are ≲ 0.4% of all GRBs Not enough for 
statistical analysis =(


