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Looking for the third class on the
Eo-Too plane in the rest frame

Submitted to A&A

Anastasia Tsvetkova
University of Cagliari




Current classification

Norris+ (1984)

Dezalay+ (1991)
Kouveliotou+ (’I 993) 222 CGRO/BATSE GRBs

Zhang+ (2009)

N
o

N
O

N
o

Horvath (1998) : the 3rd class?
Horvath (2002)

Tarnopolski (2015)

Horvath+ (2008, 2010)
Zhang & Choi (2008)

Huja+ (2009)

Zitouni+ (2015)

Zhang+ (2016)

Tarnopolski (2016)

0w e% { 4 46 & Kulkarni & Desai (2017) 0.10 1.00 10.00 100.00 1000.00
Tgo SEC.

o

n
e
n
| -
>
a8
(P
© 15
| -
()
0
-
-
Z

Mazets+ (1981) Kouveliotou+ (1993)

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

A. Tsvetkova — INTEGRAL WORKSHOP 2024 2



Physical GRB classification
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No
DISCERNING THE PHY SICAL ORIGINS OF COSMOLOGICAL GAMMA-RAY BURSTS BASED ON (1 +Z)>2s7?

MULTIPLE OBSERVATIONAL CRITERIA: THE CASES OF z = 6.7 GRB 080913, z = 8.2 GRB 090423, AND
SOME SHORT/HARD GRBs Yes
SH spike + EE?
0

BING ZHANG!, BIN-BIN ZHANG!, FRANCISCO J. VIRGILI!, EN-WEI LIANG2, D. ALEXANDER KANN?, XUE-FENG WU*,
DANIEL ProGA !, Hou-Jun Lv?, Kenit ToMa*, PETER MEszAros* 6, DAavID N. BURROWS?, PETER W. A. ROMING?,

N
AND NEIL GEHRELS’ — —
SN association? SN association?
Yes Elliptical/early type HG?

?
No

Low SSFR?

i ? Ep°E~(,iso or L{.iso']ag? ves
% e
Small E_E; 7 Large E .E? 5

Type | Type |l
candidate candidate

Zhang+ (2009)
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GRBs with z

Color mapping: z

Tsvetkova+ (2017)
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GRBs with z

Color mapping: z

Tsvetkova+ (2017)
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GRB sample

All GRBs

KW trig

KW non-trig + BAT

GBM non-detected by KW

Sample

“KW trig”
“KW & BAT”

“GBM only”
“Total”

“GBM all”

Number of bursts

193
167

49
409
168
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Facilities

KW GBM

Crystal Nal(T1) Nal(T1)/BGO
Number of detectors 2 12/2
Diameter (cm) 12.7 12.7/12.7
Thickness(cm) 7.5 1.27/12.7
Approx. max. eff. 160 5200 120/110
area (cm~)
Energy range 20 keV-20 MeV P 14-150 keV € 8 keV—40 MeV
Approx. sensitivity 5 x 107 1x 1078 5 x 1078
(ergcm™“s™ )
FoV (sr) 47T 1.44 > 8
Operation time (yrs) 27 17 13
SGRB-to-LGRB rate 1:5 1:9 1:5

2. BAT is an assembly of 32,768 planar CdZnTe detectors (4 X 4 mm? large, 2 mm thick) to forma 1.2 m X 0.6 m

sensitive area; P: Drifts with time; ¢: For coded FoV and up to 350 keV with no position information; 9: For >50%
coded FoV; ~2.2 sr for >10% coded FoV.

Tsvetkova+ (2022)
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Methodology

e.g. Tarnopolski (2019)

 Skewed 'Non-skewed  Skewed 'Non-skewed

1 cluster: 2 clusters -3 clusters

N
£,(0) = ), In f(x;,6),
i=1
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Information criteria

AAIC  Rest frame . Observer frame
ABIC
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1N 2N 3N 1SN 2SN 3SN 1T 27 37 18T 2ST 3ST IN: 2N BN 1SN 2SN-3SN 1T 21 3] 1SF 2SI 3S]
(5) (11) (17) (7) (15) (23) (6) (12) (18) (8) (16) (24) (5) (11) (17) (7) (15) (23) (6) (12) (18) (8) (16) (24)

Acceptable models: AIC - overfits the data
AlC; - AlICmin < 4 BIC - undertits the data
BIC] = BICmin < 2
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Examples of clusters

Rest frame

Observer frame
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Statistics
(Gaussian
(Gaussian
Gaussian

Sk. Gauss.
Sk. Gauss.
Sk. Gauss.
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Student
Student
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Sample
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Bursts
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409
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W N = LN = N = N -

W N o= LN = N = W -

Rest frame
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Gaussian

Sk. Gauss.
Sk. Gauss.
Sk. Gauss.

Student
Student
Student
Sk. Stud.
Sk. Stud.
Sk. Stud.

Gaussian
Gaussian
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Bursts
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W N o= N =
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Bursts
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Statistics
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T9() VS T5()

Svinkin+ (2019):

T50 is more robust measure of durations for clustering

Statistics Cl.  Sample o Ao (AIC)

KWitrig 193 134 < 0.001
KW trig 193 3/ 0.056
KW trig 193 4.2 0.044
KW trig 193 0.0 0.355
KW trig 193 0.9 0.227
KW trig 193 8.3 0.006
KWtrig 193 13.1 0.001
KW trig 193 2 1 0.124
KW trig 193 6.4 0.014
KW trig 193 2.2 0.118
KW trig 193 3.8 0.053
KWtrig 193 11.0 0.001
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Selection effects
-10% of the GRBs with lowest SNR

Statistics CL. Sample Statistics  Cl. Sample

KW & BAT
KW & BAT
KW & BAT
KW & BAT
KW & BAT
KW & BAT
KW & BAT
KW & BAT
KW & BAT
KW & BAT
KW & BAT
KW & BAT

GBM all
GBM all
GBM all
GBM all
GBM all
GBM all
GBM all
GBM all
GBM all
GBM all
GBM all
GBM all

1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
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W N == U DN == UM WM =W DN = WA WM =W =
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Obs.-frame Tog vs rest-frame Ej,

Statistics Cl.  Sample n Aac  wi (AIC) Effective redshift dependence

Total 667 < 0.001 of GRB durations:
Total 0.6 0.179
Total 0.7 0.170 (1) Cosmological time dilation;

Total 25 0.069
Total 59 0.018 (2) The “tip of the iceberg”

Total 0.0 0.241 effect;

Total 61.3 < 0.001

Total 4.0 0.033 (3) Different energy windows.
Total 2.4 0.073

Total 4.4 0.027

Total 8.9 0.003

Total 0.5 0.188

1
2
%
1
2
3
1
2
3
1
2
3
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Distr.
Jackknife 10%

IC type

AIC
AIC
AIC
AIC
AIC
AIC
BIC
BIC
BIC
BIC
BIC
BIC

1
2
3
1
2
3
1
2
3
1
2
3
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Uncertainties on IC from sampling

IC value

1198.2 + 13.0
11627 L 129
1164.8 + 12.7
11069 179
1166.9 + 12.9
11721 E13 |
1217.8 £ 12.9
12050 £ 129
12512 £ 12
11645 £ 129
1225.5+12.9
1262.0 + 13.1

aQ

Distr.
Jackknife 30%

W N = WN = WN=WN =

IC value

930.0 £ 21.6
904.3 +21.4
907.3 £ 21.8
898.6 + 21.6
908.1 +£21.0
914.0 £ 21.1
048.3 + 21.6
944.5 + 21.4
969.5 + 21.8
024.2 + 21.6
962.9 + 21.0
998.1 + 21.1

Acceptable models:

AIC| = AlCmin < 4
BIC] - BICmin < 2
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Distr.
Bootstrap

1
2
3
1
2
3
1
2
3
1
2
3

IC type

AIC
AIC
AIC
AIC
AIC
AIC
BIC
BIC
BIC
BIC
BIC
BIC

IC value

1529 7 & 58 5
1282.8 + 36.3
1276.5 +£ 36.4
1281.2 £ 36.0
1283.4 + 35.8
12/16 85
1349.8 + 38.3
15270+ 56 2
1344.7 + 36.4
13095 4 56.0
1343.7 + 35.8
1369.9 + 38.3




Uncertainties on IC from the Too and E;, errors

Distr.

A. Tsvetkova — INTEGRAL WORKSHOP 2024

Cl.

1
2
3
1
2
>
1
2
>
1
2
>

AIC

1356.8 + 19.2
1316.8 +17.3
1320.1 £ 16.9
1314.1 + 18.5
1321.0+17.0
1327.2 + 16.6
1355.8 + 16.5
1319.1 +17.1
15220 4 16
1315.1 £ 16.6
1324.1 +17.1
1329.7 +£17.0

BIC

1376.9 + 19.3
1360.9 + 17.3
1388.3 + 16.9
1342.2 + 18.5
1381.2 +17.0
1419.5 + 16.6
1379.9 + 16.5
1367.3 +17.1
1394.5 + 16.7
1347.2 + 16.6
1388.3 +17.1
1426.0 £ 17.0

Acceptable models:
AIC| = AlCmin < 4

BIC; -
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BICmin < 2



Summary

We fitted the data on the Ep — Too 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:

'Multivariate clustering]
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