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The Fermi GBM Catalog has been recently published. Previousclassification analyses of the

BATSE, RHESSI, BeppoSAX, and Swift databases found three types of gamma-ray bursts. Now

we analyzed the GBM catalog to classify the GRBs. PCA and Multiclustering analysis revealed

three groups. Validation of these groups, in terms of the observed variables, shows that one of

the groups coincides with the short GRBs. The other two groups split the long class into a bright

and dim part, as defined by the peak flux. Additional analysis is needed to determine whether this

splitting is only a mathematical byproduct of the analysis or has some real physical meaning.

Gamma-Ray Bursts 2012 Conference -GRB2012,
May 07-11, 2012
Munich, Germany

c© Copyright owned by the author(s) under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike Licence. http://pos.sissa.it/

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by ELTE Digital Institutional Repository (EDIT)

https://core.ac.uk/display/333613279?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
http://arxiv.org/abs/1506.00992v1


Classification of Fermi GRBs

1. Introduction

Accumulating evidence indicates that GRBs represent a mixture of objects of different physi-
cal natures. Classification of GRBs in the parameter space oftheir observable properties may give
information on the number and physical nature of types of these objects. Mazets et al. [16] and
Norris et al. [19] suggest that there might be a separation inthe duration distribution. In the First
BATSE Catalog, a bimodality was found in the logarithmic duration distribution [12]. Today it is
widely accepted that the physics of these two groups (longandshortGRBs) are different, and these
two kinds of GRBs represent different phenomena ([2], [4], [20], [27]). Zhang et al. [28] uses Type
I. and II. classification based on the progenitor models.

In a previous paper using the Third BATSE Catalog Horváth [7]has shown that the duration
(T90) distribution of GRBs observed by BATSE could be well fitted by a sum of three log-normal
distributions. Simultaneously, Mukherjee et al. [18] reported the finding (in a multidimensional
parameter space) of a very similar group structure of GRBs. Somewhat later several authors ([1],
[3], [5], [6], [14], [22], [25]) included more physical parameters into the analysis of the bursts (e.g.
peak-fluxes, fluences, hardness ratios, etc.). The physicalexistence of the third group is, however,
still not convincingly proven. However, the celestial distribution of the third group is anisotropic
([13], [15], [17], [26]). All these results mean that the existence of the thirdintermediategroup
in the BATSE [9], RHESSI [23], BeppoSAX [8] and Swift [10] [11] sample is acceptable, but its
physical meaning, importance and origin is less clear than those of the other groups. Hence, it is
worth to study new samples if their size is large enough for statistics. In this paper we use the new
Fermi catalog [21] data for this analysis.

2. Analysis of the Fermi GMB data

The Fermi GRB catalog [21] contains 490 GRBs, we used 425 GRBswhich had no huge errors
in the observed parameters. From the Catalog we used the following variablesT90, total fluence,
hardness ratio and peakflux256. Using the correlation matrix we made a Principal Component
Analysis (PCA). The eigenvalues are 1.915, 1.305, 0.725 and0.055. The computations were made
with the R statistical package.

After PCA we usedMclust, the clustering algorithm fitting of a functional model superposed
from Gaussian components. Optimizing the number of the components and their parameters is the
task of the procedure. Since the first 3 PC represent 98.8 % of the total variance of the Fermi data,
respectively, we kept 3 PCs as input variables for the Mclustprocedure. This choice is reasonable
because the first 3 PCs account for the vast majority of the variances of the observed variables,
used in the analysis (PC1 accounts mainly for lgT90 and lgfluence, PC2, PC3 do it for lgHR and
lgp256). The best fitting model is a three component Gaussian, coded by ’EEE’, meaning equal
volumes, equal shapes and parallel axes of the error ellipses. To study the impact of classifications
on the input data we computed cluster membership of the bursts and used as a color code in a
matrix plot displaying the dependencies among the observedvariables (Figure 1.).

3. Conclusion

The logarithmic duration, fluence, hardness and peakflux variables can be well represented

2



Classification of Fermi GRBs

lgHR

−1 0 1 2 0.5 1.0 1.5 2.0

−
0.

5
0.

0
0.

5

−
1

0
1

2

lgT90

lgflu

−
7

−
6

−
5

−
4

−0.5 0.0 0.5

0.
5

1.
0

1.
5

2.
0

−7 −6 −5 −4

lgflux256

Figure 1: The color coded three groups in the Fermi data. The black circles are the short, the red and green
ones are the long GRBs. Green circles are the brighter burstsamong the long ones.

by three PCs obtained from PCA of the correlation matrix. ThePC1 accounts for the duration
and fluence while PC2, PC3 do it for the hardness and peakflux. The best fit of a model family
of superposed multivariate Gaussian functions revealed three groups. Validation of these groups,
in terms of the observed variables, showed that one of the groups coincides with the short GRBs.
The other two ones split the long group into a bright and dim part according to the peak flux; a
result similar to this has been found previously for BATSE data [24]. Further analysis is needed to
determine whether this splitting is only a mathematical byproduct of the analysis or whether it has
some real physical meaning.
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