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Abstract. GRBs are extremely energetic short cosmic transients. Due to their
huge energy output in a short time they can be observed at very large cosmo-
logical distances. Actually, they sample the whole observable Universe. As a
consequence of their large distances, their observed duration, fluence and peak
flux depend on the redshift. In the reality, however, this dependence can be
observed only in the case if the intrinsic variance of these quantities in comov-
ing frame do not exceed significantly that coming from different redhifts of
the GRBs. Nevertheless, it is an important question whether the redshift de-
pendence of the observed quantities could be extracted from the observational
data. Using a training set consisting of GRBs having measured physical param-
eters and redshifts we are looking for the effect of the redshift on the observed
data, using techniques available in multivariate data analysis. Creating a 3D
parameter space from duration, fluence and peak flux, we define partitions in
the distribution of data points and compare the redshift distributions within
these partitions. Partitioning will be made by some hierarchical clustering al-
gorithm and cutting the obtained agglomeration tree at different places to get
partitions of different numbers. The distributions of redshifts within the par-
titions, obtained in this way, will be compared to see if there is any difference
in redshift distribution between partitions at all.
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1. Introduction

The Gamma-ray bursts (GRBs) are the most energetic events in the far Uni-
verse (Mészáros, 2006; Kumar & Zhang, 2015; Zhang, 2018). There are two
main different physical model for the origin these events (Kouveliotou et al.,
1993) but some studies raise the possibility of more models. First the collapse of
the most massive stars (collapsar model) (MacFadyen & Woosley, 1999; Zhang
& Mészáros, 2002) and second the merging of compact objects (like black holes
or neutron stars) (Eichler et al., 1989; Hakkila et al., 2018). The discovery of
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GW170814/GRB170814A had validated the second model (Abbott et al., 2017;
Goldstein et al., 2017; Bagoly et al., 2016; Tóth et al., 2019). Since then, it has
been a recurring theme that there may be other sub-types of bursts (Horváth
et al., 2018, 2019). The two types of GRBs have different duration and hard-
ness. The long GRBs have softer and the short GRBs have harder spectra. In
1998, Horváth (1998); Mukherjee et al. (1998) identified a third group on the
duration–hardness plane (Horváth et al., 2006). These events can be associated
with the X-ray flash events (Veres et al., 2010; Horváth et al., 2010; Pinter et al.,
2017; Bi et al., 2018).

Balazs et al. (1998) suggested that the distribution of GRBs may show some
angular anisotropy, and after the millennium many studies dealt with the GRBs
angular and spatial distribution ((Mészáros et al., 2000a,b; Vavrek et al., 2008;
Tarnopolski, 2017)). Of this, there were discovering the two largest structures in
the Universe, the Giant GRB Ring (Balázs et al., 2015, 2018) and the Hercules-
Corona Borealis Great Wall (Horváth et al., 2014, 2015; Horvath et al., 2020).
In addition to all this, several other anomalies (differences from isotropy and
homogeneity) were identified based on the angular and spatial distribution of
GRBs (Balázs et al., 1999; Pinter, 2018; Tóth et al., 2019; Horvath et al., 2022)
It became clear shortly after the first redshift measurement that the distance of
the GRBs shows a relation to their duration: the short GRBs are located closer
than the long GRBs. But since GRBs occur over a tremendous time scale, it
can be suggested that certain properties of them change based on the distance
(Bagoly et al., 2003; Pérez-Ramírez et al., 2010; Kovács et al., 2019; Hatsukade
et al., 2019; Toth et al., 2019; Suleiman et al., 2022). Among other things, De
Cia et al. (2012) discovered that the host galaxy must possess very particular
chemical characteristics in order for long GRBs to form. We must acknowledge,
however, that the chemical composition of galaxies and the entire universe is
subject to change over time. This change can be seen in the characteristics of
GRBs, such as the lack of absorption lines (De Cia et al., 2011b) or the rapidity
of GRB light curves (Vetere et al., 2006; De Cia et al., 2011a).

It is still questionable how the distance of GRBs can cause differences in
other physical parameters within different groups, i.e. how GRBs produced at
different distances, in different eras differ in their main physical parameters.

2. Data and Methods

We used the data available at the GRB table of the Swift satellite1, which
we preliminarily cleaned of faulty records. Instead of the observed values one
may use these values’ logarithms to reduce the effect of outliers. In some cases,
however, it is necessary to exclude the outliers altogether from further computa-
tions, since they significantly distort the linear correlation between the variables.

1https://swift.gsfc.nasa.gov/archive/grb_table/

https://swift.gsfc.nasa.gov/archive/grb_table/
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For this we made a comprehensive outlier diagnostics using boxplot procedure
(McGill et al., 1978) of R package (R Core Team, 2021).

2.1. Outlier diagnostics

Outlier is a data point that differs significantly from other observations. An
outlier may be due to variability in the measurement or it may indicate ex-
perimental errors. In the following we use R packages outliers (Tukey, 1977).
The definition of an outlier is somewhat arbitrary. The scores routine of the
outliers package assigns some probability to all of the cases of an univariate
sample. The critical probability for identifying a case as an outlier can be a
fixed error probability of rejecting a sample element although it comes from the
parent distribution.

(Fisher, 1992) suggested p = 0.05 value for critical probability. We used
this threshold, for rejecting the null hypothesis and we will conclude that the
lowest/highest value is an outlier. Due to the nature of the problem, this level
of significance is acceptable to us, without significantly increasing second kind
of errors. Accordingly, if the scores procedure assigns ps < p/N (N is the sample
size), we may reject this case as an outlier.
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Figure 1. Outliers’ diagnostics in BAT data with R boxplot procedures. The critical
probability was p = 0.05, and the blue points show the excluded data.

After excluding the outliers, we studied the correlations between the main
observed parameters of Swift GRBs. This can be seen in the Fig. 2. We used four
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parameters from the database, the T90 duration, Gamma Fluence, Gamma Peak
Flux, and the Gamma Photon index. We can see a weak correlation between the
fluence and duration or peak flux. This is easy to understand, since the fluence
is the summed energy emitted during the entire duration, i.e. the integral of the
instantaneous brightness over time, and the peak flux is the brightness measured
at the interval around the maxima of the burst.
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Figure 2. Distributions of Swift BAT data without the outliers. In the diagonal we
show the histogram of T90, Fluence, Peak flux, and Photon index, respectively. On the
top and bottom triangle the 2D density and scatter plots are shown for each pairs of
observed parameters, respectively. For example, the connection between Fluence and
T90 parameters is clearly visible.

3. Results

3.1. Measuring the similarity between GRBs

To study the relationship between the characteristic physical parameters of
GRBs and the redshift, we divide the parameter space into regions of simi-
lar objects in their parameters. The distance (similarity) between GRBs will be
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measured in Euclidean metrics. The orthogonal coordinates required for the Eu-
clidean metric can be obtained from the original variables using PCA (Principal
Component Analysis) (Jolliffe, 1986). For performing PCA we used the PCA()
procedure in FactoMineR library (Lê et al., 2008) of the R statistical package.
Our final goal was to look for dependence of the observed physical parameters
(duration, fluence, peak flux, photon index) on the redshift. The strength of this
dependence is a function of the ratio between the variance of redshift within and
between partitions.

3.2. Partitioning parameter space of PCs

After getting orthogonal coordinates (principal components (PCs) from PCA)
we perform hierarchical cluster analysis. We cut the cluster tree (dendrogram)
resulted to a given number of partitions. We divide the redshifts of GRBs ac-
cording to the partitions obtained in order to see significant differences, if any,
in redshift distributions between partitions. The significance of difference in
redshift distributions between partitions was tested using the Kruskal-Wallis
non-parametric test (Kruskal & Wallis, 1952).

3.3. Estimating optimal number of partitions

For getting the optimum number of partitions we use NbClust() procedure in
NbClust(Charrad et al., 2014) library of R. After getting the optimum number
of clusters we performed hierarchic clustering using hcut() procedure in R’s
Factoextra library cutting the dendrogram obtained at the optimum number
of clusters getting above (see Fig.3,4) and we calculated the relevant values
within each group (Table 1).

The clustering yielded three as an optimal number of groups in the PC1–PC2
plane according to the Kruskal-Wallis rank summary test, with a chi-square of
10.839 and a significance p-value of 0.004429.
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Figure 3. Clustering results of the three
groups in the first and second PC plane.
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Figure 4. Comparing the redshift within
the three groups.
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Table 1. We clustered the GRBs with NbClust() procedure, and the optimal number
of cluster was three. The table contains the median observed parameters of each group.

Groups no. Redshift T90 Fluence Peak Flux Photon index
1 1.6920 64.00 37.00 3.10 1.47
2 1.9990 36.25 6.00 0.80 1.90
3 0.9035 1.60 3.65 1.73 0.88

3.4. Redshift dependence of parameters with 6 partitions

Although the NbClust procedure yielded 3 as the optimal number of GRB
groups, there is a second maxima in the number of optimal clusters histogram,
at the number of 6. We repeat the previous procedure with a cluster number of
6 (see Fig. 5,6 and Table 2). The Kruskal-Wallis rank summary test has yielded
a chi-square of 22.095 and a significance p-value of 0.0005022.

As one can see, the clusters’ dependence on redshift is much stronger than
in the previous case, where there were only three groups.
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Figure 5. Clustering results of the six
groups.
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Figure 6. Comparing the redshift within
the six groups.

Table 2. The table shows the 6 groups’ median values similar to Table 1.

Groups no. Redshift T90 Fluence Peak Flux Photon index
1 1.7100 64.00 25.70 2.50 1.530
2 2.4281 154.50 13.55 0.65 1.965
3 1.6034 65.15 138.00 12.35 1.280
4 0.5960 0.30 0.44 1.00 1.280
5 1.4160 11.15 3.39 0.98 1.810
6 1.3195 4.20 6.70 3.86 0.820
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3.5. Redshift dependence of T90, Fluence, Peak flux and Photon in-
dex

The redshift-dependent relationship between the duration, fluence, peak flux,
and photon index values obtained from GRB observations can be seen in Fig.7
and 8. In these figures significant internal variances can be seen in each param-
eter. Their corresponding values in a co-moving system can be obtained from
the currently best-fitting world model, however, this can only be done if the
intrinsic value of the relevant parameters is known. With the present data, the
scattering within the parameters covers their weak redshift dependence. There-
fore, the position of the groups according to distance cannot be investigated
with adequate statistical significance in this work.
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Figure 7. T90 and Photon index vs. redshift

4. Conclusions

The T90 duration appears to have the tightest correlation with redshift. In con-
trast, peak flux has no correlation with redshift. Fluence correlates with redshift
due to its positive correlation with T90 (since fluence can be approximated with
the product of peak flux and duration).

It is worth mentioning that the range of log10(T90) is much higher than
of log10(1 + z) so the obtained relationship can not interpreted as a simple
cosmological time dilatation. The distribution of absolute brightness is different
in within different groups, so the detection threshold defines different sampling
volumes and differences in the median of redshift data.

The angular distributions reflect the selection effect due to the galactic fore-
ground extinction (see Fig. 9). The top left panel shows some density enhance-
ment by visual impression, not seen in other ones. The bottom right panel
seems to have an asymmetry in galactic latitudes but it based on a low number
of sample points.
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Figure 8. Redshift dependence of T90, Fluence, Peak flux, Photon index of the dif-
ferent partitions. Blue lines in the Figures represent the best fitting linear relationship
between redshift and GRB variables.

5 6

3 4

1 2

−100 0 100 −100 0 100

−100

−50

0

50

100

−100

−50

0

50

100

−100

−50

0

50

100

−100

−50

0

50

100

−100

−50

0

50

100

−100

−50

0

50

100

l (deg)

b
 (

d
e
g
)

groups

1

2

3

4

5

6

Angular distribution of Swift GRBs within groups
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sample size.
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