
Anastasia Tsvetkova 
University of Cagliari

GRB taxonomy:  
Looking for the third class on the 

Ep-T90 plane in the rest frame
Submitted to A&A



Current classification

Mazets+ (1981)

~150 GRBs detected in the KONUS 
experiments on board Venera 11-14 
missions in 1979-1983

Kouveliotou+ (1993)

222 CGRO/BATSE GRBs

2A. Tsvetkova – INTEGRAL WORKSHOP 2024

Norris+ (1984) 
Dezalay+ (1991)  
Kouveliotou+ (1993) 
Zhang+ (2009) 

Horváth (1998) : the 3rd class? 
Horváth (2002) 
Tarnopolski (2015) 
Horváth+ (2008, 2010) 
Zhang & Choi (2008)  
Huja+ (2009)  
Zitouni+ (2015) 
Zhang+ (2016) 
Tarnopolski (2016)  
Kulkarni & Desai (2017) 
…



Physical GRB classification

Zhang+ (2009)
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Current classification

Mazets+ (1981)

~150 GRBs detected in the KONUS 
experiments on board Venera 11-14 
missions in 1979-1983

Kouveliotou+ (1993)

222 CGRO/BATSE GRBs

Intermediate-duration GRBs?
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GRBs with z

Tsvetkova+ (2017)

Color mapping: z
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GRBs with z

Tsvetkova+ (2017)

Color mapping: z
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GRB sample
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GRB sample
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Facilities

Tsvetkova+ (2022)
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Methodology

Distributions

Gaussian t-Student

Non-skewedSkewed Non-skewedSkewed

1 cluster 2 clusters 3 clusters
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e.g. Tarnopolski (2019)



Information criteria

AIC - overfits the data 
BIC - underfits the data

Acceptable models: 
AICi - AICmin < 4 
BICi - BICmin < 2 
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Examples of clusters
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Rest frame
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Observer frame
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T90 vs T50

Svinkin+ (2019): 

T50 is more robust measure of durations for clustering
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Selection effects
-10% of the GRBs with lowest SNR
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Obs.-frame T90 vs rest-frame Ep
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Effective redshift dependence 
of GRB durations:  
 
(1) Cosmological time dilation;  

(2) The “tip of the iceberg” 
effect; 
  
(3) Different energy windows.



Uncertainties on IC from sampling
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Acceptable models: 
AICi - AICmin < 4 
BICi - BICmin < 2 



Uncertainties on IC from the T90 and Ep errors
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Acceptable models: 
AICi - AICmin < 4 
BICi - BICmin < 2 



We fitted the data on the Ep – T90 plane with 1, 2, 3-component skewed and non-skewed 
distributions using the sample of 409 GRBs with known redshifts detected in a wide energy 
range, one of the largest to date. 

The results, in terms of informational criteria, do not show evidence of the third class of GRBs in 
the rest-frame. 

The uncertainty of the method is high for a relatively small sample. 
Importance of the prospective missions aimed at substantial increase of reliable GRB redshift 
estimates, e.g., THESEUS.  

Future prospects:

Summary

Multivariate clustering
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Thank you!


