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We collected the information of 304 gamma-ray bursts (GRBs) from the literature, and analyzed the
correlations among the host galaxy offsets (the distance from the site of the GRB to the center of its host
galaxy), Tgo,; (the duration Tgp in rest-frame), Trqs,; (the duration Tg4s in rest-frame), Ey, jso (the isotropic
equivalent energy), Ly iso (= Ey.iso/To0,i» the isotropic equivalent luminosity) and Ly (peak luminosity).

g?;:;ﬁsr'ay bursts Wo.e .found that Too,i, Tras,i» Ey.iso» Lpk have negative correlation with qffset, which is' cgnsistent with
Statistics origin of short GRBs (SGRBs) and long GRBs (LGRBs). On separate analysis, we found similar results for
Host galaxy offsets log Ey iso — log (offset) and log L, — log (offset) relations in case of SGRBs only, while no obvious relation
Too for LGRBs. There is no correlations between offset and Ly, jso. We also put the special GRB 170817A and
Tras GRB 060218A on the plots. The two GRBs both have low luminosity and small offset. In the log(offset) —
Ey iso log Tgp,i plot, we found GRB 170817A locates in between the two regions of SGRBs and LGRBs and it is

the outlier in the offset — Ey, iso, Offset — Ly, jso and offset — Ly plots. Together with GRB 060218A being
an outlier in all plots, it indicates the speciality of GRBs 170817A and 060218A, and might imply more

subgroups of the GRB samples.

© 2018 Elsevier B.V. All rights reserved.

1. Introduction

Gamma-ray bursts (GRBs) are widely accepted to have two
categories, short GRBs (SGRBs) having duration shorter than 2 s
and long GRBs (LGRBs) with duration longer than 2 s (Kouve-
liotou et al., 1993). SGRBs are thought to be from the merger of
compact object binaries involving at least one neutron star (Eich-
ler et al., 1989; Paczynski, 1991; Narayan et al., 1992), and have
a broad range of spatial host galaxy distribution (Zhang et al,
2017b). The origin of LGRBs are most-likely to be the collapse
of rapidly-rotating massive stars (MacFadyen and Woosley, 1999),
hence expected to be inside the star forming region. Consequently,
the offsets of the location in the host galaxy of LGRBs are mostly
smaller than those of SGRBs.

In the past few decades, there have been many studies on host
galaxy offsets of GRBs. For example, Bloom et al. (2002) studied
host galaxy offsets for LGRBs. The result was consistent with the
expected distribution of massive stars, confirming the core-collapse
model as the origin of LGRBs. Fong et al. (2010) presented the first
comprehensive analysis of Hubble Space Telescope (HST) obser-
vations of ten SGRBs host galaxies. Their result showed an median
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at 5 kpc for SGRBs host galaxy offsets, which is about 5 times
larger than LGRBs. There was no evidence of differences between
SGRBs with and without extended emission. The host galaxy off-
sets are in good agreement with neutron star binary mergers (see
also Church et al., 2011). However, Malesani et al. (2007) noticed
that SHBs (short hard GRBs) with extended emission are more eas-
ier to detect their optical counterparts. This has been explained as
an environmental property by Troja et al. (2008), as SHBs with
extended emission seem to occur closer to their host galaxies,
in denser interstellar environments. This also implies that SGRBs
progenitors have an intrinsically different behavior, due to their
association with different origins such as black hole (BH)-neutron
star (NS) and NS-NS merger. Troja et al. (2008) showed that
SGRBs with extended hard X-ray emissions that have small pro-
jected physical offsets may be due to NS-BH mergers, while those
without extended hard X-ray emission components that have big-
ger projected physical offsets may be due to NS-NS mergers. The
correlation between X-ray absorption column densities and host
galaxy offsets gives another evidence that SGRBs possibly have
two distinct populations (Kopac et al., 2012). Furthermore, some
negative correlations are found between the broadband afterglow
emissions and SGRBs host galaxy offsets (Zhang et al., 2017b). This
is because the afterglow emission depends on the circum-burst
medium and it decreases with the distance to the host galaxy cen-
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ter, providing more evidences that SGRBs with larger host galaxy
offsets prefer lower circum-burst densities (Fong et al., 2015).

To investigate the properties of the host galaxies and the con-
nection to the GRBs, we collect all the possible sample from the
literature about the offsets, durations of the GRBs (Tgp (time du-
ration from 5% photon counts to 95% photon counts) and Tgrgs
(defined in Reichart et al, 2001)), the isotropic equivalent y-ray
energy Ey iso, and the 1 s time binned peak luminosity Lp. In this
work we analyze these data and present our results for the rela-
tions found for SGRBs, LGRBs and combination of them. The paper
is organized as the follow: the data is collected and described in
§2, the statistics is performed in §3, and conclusion and discussion
is given in §4.

2. The GRB sample

We selected 304 GRBs from different instruments, and collected
their trigger time, instrument, redshift z, offset, Tgo, Tras, Ey iso
and Lpy values from different published papers. All the informa-
tion is provided in Table 3 and 4. E, jso and Ly are in rest-frame
1-10* keV energy band, and Ly is in 1 s time bin (except GRB
170817A in 50 ms time bin). We also calculated isotropic equiv-
alent luminosity Ly i in the rest-frame 1-10* keV energy band,
which is Ly jso = (1 +2)Ey iso/To0. For Lpk, sometimes the energy
band is not in rest-frame 1-10* keV energy band, like Deng et al.
(2016). We changed the energy band using the spectral informa-
tion. There are mainly three kinds of spectral models: Band model,
cutoff power law (CPL) model and simple power law (SPL) model
(more details in Li et al., 2016). In Table 4, we gave the GRB spec-
tral information which need to change the energy band, as well as
the Lpk. For Band model, «, B and Epi are low energy spectral in-
dex, high energy spectral index and peak energy, respectively. For
CPL model, « is the spectral index for the power law band and
Ep is the cutoff energy. There is no g for CPL model, and we use
“.” to remark B. Besides, we excluded some values with lower
limit smaller than 0. For example, the offset of GRB 120119A is
0.104 + 0.147 (Li et al., 2016).

The data are not complete, as not every GRB has all the obser-
vational values listed above, available. Some of the data have only
the central values available without error bars. To keep the infor-
mation of the central values, we need to impute the errors from
other data. We used the R package mice to impute the error bars
for the data that have just the central values, by multiple imputa-
tion with chained equations (MICE) (Rubin, 1987, 1996).

2.1. Error imputation

We use the R package mice to impute incomplete multivari-
ate data by using the method MICE. MICE is a powerful tool for
imputation and it has been widely used. Only the central values
with missing error bars are imputed. The ones with missing central
values are omitted in the statistical analysis. According to Rubin
(1987, 1996), MICE includes three steps: generating multiple im-
putation, analyzing imputed data, and pooling analysis results.

The imputation model should also have three principles: ac-
counting for the process that created the missing data, preserving
the relations in the data and preserving the uncertainty about
these relations. At first, we changed Top i, Tr4s,i» Ey iso and host
galaxy offset into their logarithmic values. Then we did 5 times
imputation as suggested in Rubin (1996). It means every error bar
which need to be imputed will have 5 imputed values, hence we
have 5 complete set of data. We need to choose the imputation
model first, because our data is missing at random (MAR) (Rubin,
1976), additionally, our data is numeric type. So we choose the
predictive mean matching model (PMM) (Little, 1988), a general

purpose semi-parametric imputation method.! We set a threshold
at 0.25, which means the minimum proportion of usable cases for
imputation is at least 0.25. An important step in multiple imputa-
tion is that, we want to assess whether imputations are plausible,
then we have done diagnostic checks. We used following three in-
dicators to assess the goodness of our imputation results.

1. Relative increase in variance due to missing data rp (RIV): It
is the ratio between imputation variance and the imputation
variance of the 5 data sets, then multiplying the imputation
time m. It stands for the increase fraction in variance due
to missing data, the influence of the missing data is bigger
when rp, is bigger. While smaller ry, indicates influence of
the change of m is smaller, this is to say that missing data
has smaller influence to the whole data parameters, hence the
imputation results are more stable and the imputations are
better.
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2. Fraction of missing information yy, (FMI): This represents the
influence of the missing data for the whole parameters(e.g.
mean). Smaller FMI values indicate that the imputation results
are more stable.
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3. Relative efficiency (RE): is a comprehensive analysis of RIV and
FML. It represents the imputation fraction for missing informa-
tion by MICE. The higher value of RE means the better result.

-1
RE=(1+ 2M) 3)
m

For analyzing imputed data and pooling analysis results, we use
the mean of every imputed error bar, because we also need to
calculate some values and plot scatter plots with error bars. As
there are 5 candidate values for each parameter, we use the mean
of them as the imputed error.

The imputation results are shown in Table 1. From the results,
we can see that RIV and FMI are very close to 0, which means our

T We compared the correlations between the central values and the related er-
rors, and found the PMM is reliable in the error imputation. For example, the
positive error of Tgg i is Tgg i 1. Before imputation, the linear regression between
Tgo,i and Tog i1 is Too,i = (1.26 £0.05) + (—9.28 £ 1.58) x Tgp i 1, and the Pearson
coefficient is —0.33 4 0.05 with p-value 1.2 x 1078, After the imputation, the linear
regression between Tgg; and Tog i 1 is Tog,i = (1.27+0.05) 4+ (—9.7£1.58) x Tgq i 1,
and the Pearson coefficient is —0.33 4 0.05 with p-value 1.6 x 10~°. The results do
not change too much, which means PMM model can preserve the relations in the
data and preserve the uncertainty about these relations.
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Table 1

The imputation result for some parameters’ error bars. The definitions for RIV, FMI,
RE are shown in section 2.1. The subscript 1 and 2 represent positive error bar and
negative error bar respectively.

Parameter RIV FMI RE

To0,i,1 1.56585E-04 1.56573E-04 0.99997
To0.i.2 6.62888E-05 6.62866E-05 0.99999
TRr4s5.i,1 9.40554E-05 9.40510E-05 0.99998
Tras,i2 8.64797E-05 8.64759E-05 0.99998
Ey iso,1 5.41595E-05 5.41581E-05 0.99999
Ey iso,2 3.75877E-05 3.75870E-05 0.99999
offset; 2.43425E-02 2.40396E-02 0.99522
offset, 2.84502E-03 2.84096E-03 0.99943
Ly iso.1 2.98363E-05 2.98358E-05 0.99999
Ly iso,2 3.65546E-04 3.65479E-04 0.99993

imputation is stable. RE is very close to 1, which means our im-
putation efficiency is very high, as per the definition. We almost
imputed all the missing information. Therefore, we justify the im-
putation is reliable.

3. Correlation method and results

Due to the special features of GRB 170817A and GRB 060218A,
we have not included them in our statistical analysis. To figure out
the intrinsic connections between different properties associated
with the GRBs, we convert the values into rest frame. We changed
Tgp and Tgrgs from observer-frame to rest-frame by dividing them
with 14 z and assigned them as Tgp; and Tr4s,; respectively. At
first, we analyzed using the combined sample of both SGRBs and
LGRBs. Then we separated the GRBs into SGRB group and LGRBs
group, and did the same statistical analysis for the two groups sep-
arately.

In order to make sure the results are reliable, we have used
several statistical analysis narrated below. At first, we calculated
the correlation coefficients to check the linear correlations between
different parameters, with Pearson, Spearman and Kendall T cor-
relation methods (Feigelson and Babu, 2012). Pearson correlation
coefficient is to measure whether the two parameters are aligned
in the two-dimension plot. Spearman and Kendall T correlation
coefficients are methods to measure the monotony of the two pa-
rameters. Then we did the linear regression to get the parameters
of the linear expression.

Table 2

For all the correlation coefficients and linear regression, we
have done hypothetical tests. Once the results pass through the
hypothetical tests with p-value smaller than 0.1 we accepted the
correlation, as this value gives a high probability of relying the
result. In the correlation statistics we have considered the error
following the method used in Zou et al. (2018). Assuming the er-
rors are normally distributed, we generated 10° sets of random
samples with Monte Carlo (MC) simulation. Then we have done
the above mentioned statistics for the 10% sets and checked their
distribution. The best fit and corresponding 1o errors are finally
obtained.

Using above mentioned methods we found significant corre-
lations for the following pairs, log (offset) — log Tqp , log (offset) —
log Trys,i, log (offset) — logE, iso, log(offset) — logLpy, and
logEy iso — 10g Tras,i. The correlation of logTgg; and log Trys i is
also tight. But it is trivial, and we will not discuss about it further.
The logEy iso — log Tgo,; relation is not shown here as it has been
extensively investigated. All the correlation coefficient results are
listed in Table 2. For the combined GRBs, the linear coefficients are
significant for all the five relation pairs, the significance of corre-
lation has further been verified with the hypothetical tests for the
linear regression coefficients.

We have shown the scatter plots in Fig. 1. One can confirm the
five correlations intuitively with the scatter plots. In the figures,
the fitting line is in blue which was obtained by considering all
the errors with MC method similar as in Zou et al. (2018). The
relations obtained are as following,

log (offset) = —0.2770:02 x log T ; 4 0.5970:0%, (4)
log (offset) = —0.3470:0! x log Tras ; + 0.4739), (5)
log (offset) = —0.14759) x log Ey iso 52 + 0.387902, (6)
log (offset) = —0.1175:9) x log Lyk 52 +0.2570-92, )
log Ey iso,52 = 0.7110 01 x log Tras ; + 0.36 1001, (8)

where the offset is in unit of kpc, Tgp; and Tr4s; are in units
of seconds, Lpysy is in unit of 10°? ergs/s and E, js 52 is in
unit of 10°% ergs. As expected the Tgg; and Tges; have sim-
ilar correlation with the host galaxy offset with slope around
—0.25. However there is no obvious separation between SGRBs
and LGRBs in Togp i, Tras; and spatial offsets from plots as seen

Linear coefficients between the four different parameters. All errors are in 1 o confidence level. Pearson, Spearman and Kendall p-value are the mean p-value in the 1 o

range of its own coefficient.

type values log Too,i log Tras, i log Ey iso logLy iso log Ly log TRras,i
Vs Vs Vs Vs \'S Vs
log offset log offset log offset log offset log offset log Ey iso
All GRBs Pearson coefficient -0.3715%2 -0.475%2 -0.2975:%2 -0.037551 -0.1875:%2 0.42510:53
Pearson p-value 3.9E-05 2.8E-05 2.1E-03 0.73 0.07 3.6E-14
- : +0.01 +0.01 +0.01 +0.01 +0.01 +0.003
Spearman coefficient —0.257 503 —0.277 03 —0.2"503 —0.03" 03 —0.117 04 0.3597 008
Spearman p-value 7.3E-03 4.1E-03 3E-02 0.74 0.25 2.9E-10
Kendall coefficient -0.16755) -0.18759) -0.1375% -0.02755) -0.0875:91 0.24910:502
Kendall p-value 1.1E-02 6E-03 3.7E-02 0.72 0.22 2.6E-10
3 +0.03 +0.03 +0.04 +0.07 +0.03 +0.01
Short GRBs Pearson coefficient —0.25% 547 —0.35% 08 —0.362 g 0.07%504 —0.627 g6 0.53%04
Pearson p-value 0.22 0.12 0.09 0.19 0.02 0.01
Spearman coefficient -0.227393 -0.34739 -0.3710:03 0.07°%43 -0.557003 0.3775%2
Spearman p-value 0.28 0.13 0.08 0.15 0.05 0.1
Kendall coefficient -0.147392 -0.221993 -0.2710% 0.067%4> -0.421003 0.2575:92
Kendall p-value 0.3 0.16 0.07 0.14 0.05 0.11
Long GRBs Pearson coefficient 0.17302 0.08"3:02 0.055:91 0.02759! 0.0979:%2 0.19615:904
Pearson p-value 043 0.54 0.69 0.88 047 1.4E-03
Spearman coefficient 0.1275:%2 0.07"302 0.07591 0.0375:92 0.0713%2 0.23715:902
Spearman p-value 0.32 0.56 0.57 0.86 0.59 9.8E-05
Kendall coefficient 0.097593 0.06739} 0.055:91 0.02"39 0.055:91 0.1615:903
Kendall p-value 0.27 05 0.54 0.86 0.62 1E-04




24 E-E Wang et al. / Journal of High Energy Astrophysics 18 (2018) 21-34

log offset (kpc)

-2t

an L I I

-1 0 1 2
log Tgo,i (s)

log offset (kpc)

log Eyjso (1 0% ergs)

log offset (kpc)

= -7 =2 0 2
log L pk (10%% erg/s)

m
g
3
£
15
jo2
o
_2,
_3_
-2 -1 0 1
I0g Tras;i (s)
2r + bl
_._T |
1 [ S i T
L | K
J'_;.'-;l— i
— i IRASS A
2 ST LA
~ o A |
=1 i ﬂl|||i_l‘ i |
@ o R RN
(2]
= Il N
S '
(=]
o
_2_
_3_| 1 1 | 1

-6 -4 -2 0 2

log Lyiso (10%2 erg/s)

log E 450 (1072 ergs)

-4+

-2 -1 0 1
log Tras;i (s)

N

Fig. 1. The scatter plots and linear regression results between two different parameters, offset— Tqg j, offset —Trys ;, offset — Ey, iso, Offset—Ly, iso, Offset— Ly and Ey jso — Tras,i
respectively, which are all shown in logarithmic scale. The red points are for LGRBs, and the sky blue points are for SGRBs. The red line is the linear regression result for
LGRBs. The sky blue line is the linear regression result for SGRBs. The blue line is the linear regression result for all GRBs. The black dashed line is the result for k-means
classification. The two black triangles are the cluster centers. The green circle point is GRB 170817A in offset — Tqp j, offset — L, iso, Offset — Lpx and offset — Ey, jso plots. The
green square point is GRB 060218A in all plots. All the linear regression results are derived with MC method similar as in Zou et al. (2018). (For interpretation of the colors

in the figure(s), the reader is referred to the web version of this article.)

in Troja et al. (2008) for Tgp and spatial offset scatter plot. We
assume this discrepancy is due to the redshift correction. Interest-
ingly, in the log (offset) — log Tgg ; plot, there are four LGRBs with
To0,i <2, and there is a gap between these short ones and the nor-
mal LGRBs. This might indicate that the separation of LGRBs and
SGRBs should be in the rest frame rather than the observer’s frame.
The anti-correlation between offset and the duration is consistent
with the double degenerated star merger origin for SGRBs and
massive star core-collapsing origin for LGRBs. For mergers, they
have to pass supernova explosion, which kicks the central com-
pact star. And it takes time for the double compact star to merge,
which lead the site of the merging to be in the outer part of the

host galaxy. While for the massive star core-collapsing, it should
be in the star forming region, which is near the center of the host
galaxy.

The anti-correlation between offset and Ey is0, Lpk respectively
may also be related to the LGRBs and SGRBs, as LGRBs are rela-
tively stronger in y -rays, which can also be seen in the log E jso —
log Tras,i scattering plot. However we could not find an exact ex-
planation for the values of the slopes and intercepts. We assume
a detail analysis of the star forming and merger profile in the
galaxies would be able to explain these parameters, however this
analysis is beyond the scope of our paper.



E-F. Wang et al. / Journal of High Energy Astrophysics 18 (2018) 21-34 25
Table 3
Sample for the quantities related to the offset of the GRB host galaxies. The definition of each parameter is shown in Section 2.
GRB Time Instrument z Tao TRras Ey iso offset ref
(s) (s) (10°2 ergs) (kpc)
170817A 12:41:06.47 Fermi 0.00968 20152 4.7E —617E"7 2.052 (1%2):(1%5(3)
130907A 21:41:13 Swift/KW 1238 357+2 40.31791% 304113 (4):(5):(5):(4)
130831A 13:04:16 Swift/KW 0.4791 34.657023 4.0779%9 0.461352 (4%(5%:(5):(4)
130701A 04:17:43 Swift/Kw 1155 4.627009 1.6275.92 2.6010:55 (4):(5):(5):(4)
130610A 03:12:13 Swift/Fermi 2.092 48,5724 9.3+03 6.9910:40 (4):(5):(5):(4)
130606A 21:04:39 Swift/KW 5.91 278.5133 11777588 28.372] 0.3610:12 (4);(5):(5);(4):(6)
130603B 15:49:14 Swift/KW 0.356 0.227391 0.040"5-0%7 0.21215:923 53102 (7):(5):(5):(4):(6)
130528A 16:41:23 Swift/Fermi 125 652117 19.2279%3 4.48103%¢ (8)(5%(5):(9)
130514A 07:13:41 Swift 3.6 2203738 34021087 524752 (4):(5):(5):(4)
130505A 08:22:28 KW/Swift 2.27 293137 6.2310%2 347133 (4%(5%(5):(4)
130427B 13:20:41 Swift 2.78 7.0415:28 2.2%01 5.041048 (4):(5):(5):(4)
130427A 07:47:57 Swift/Fermi 0.334 324.7123 7.641038 92113 41791 (A)(5)(5):(4):(6)
130420A 07:28:29 Swift/Fermi 1297 114.8738 21.561040 7.741077 (4):(5):(5):(4)
130215A 01:31:30 Swift/Fermi 0.597 89.1154 195112 3.1+18 (10):(5):(5);(11)
121217A 07:17:47 Swift/Fermi 31 84812 64.8729 62¢ (12):(5):(5):(12)
121211A 13:47:02 Swift/Fermi 1.023 184.1123 15.2413 0.49751 (13):(5):(5):(13)
121201A 12:25:42 Swift 3.385 39.0729 8.967933 2.52793 (4):(5):(5):(4)
121128A 05:05:37 Swift/Fermi 2.2 257733 48792 8.6670% (4):(5):(5):(4)
121027A 07:32:29 Swift 1.773 69.3115 15.007527 3.29%017 (A%(5%(5):(4)
121024A 02:56:12 Swift 2.298 12.467539 2.941018 461792 (A%(5%(5):(4)
120909A 01:42:03 Swift/Fermi 3.93 618731 45.0724 87+1o (4%(5%(5):(4)
120907A 00:24:23 Swift/Fermi 0.97 6.2710:28 1117597 0.2710:04 (13):(5):(5);(13)
120815A 02:13:58 Swift 2.358 9.712 1761913 1.651027 (A5(5)(5):(4)
120811C 15:34:52 Swift/Fermi 2,671 252713 6.157913 6.41758 (4%(5%(5):(4)
120804AS 00:54:14 Swift 13103 1.78%93%2 0.32790% 0.70"313 (14);(5):(5):(4)
120802A 08:00:51 Swift 3.796 50.2712 54107 12.9%28 (4):(5)(5):(4)
120729A 10:56:14 Swift/Fermi 0.8 78.7183 7.7010%% 2.3713 (15);(5):(5):(11)
120712A 13:42:27 Swift/Fermi 4175 185711 4687012 21.2121 (A%(5%(5):(4)
120624B 22:23:54.9339 Fermi 2.197 174727528 38.2+03 319132 (A3(5)(5)(4)
120521C 23:22:07 Swift 6 33.2724 5.32+022 1978 (15%(5):(5):(16)
120404A 12:51:02 Swift 2.876 40.51]3 12.151048 418103 (4):(5):(5):(4)
120327A 02:55:16 Swift 2.813 71.2723 10.207933 14.42+048 (4):(5):(5):(4)
120326A 01:20:29 Swift/Fermi 1.798 72.731 4687011 3.277933 (4%(5%(5):(4)
120119A 04:04:30.21 Swift/Fermi 1728 70.4743 13.6707 27.213%8 (4):(5):(5):(4)
111228A 15:44:43 Swift/Fermi 0.716 101.47}3 9.001031 2.7510%8 (4):(5):(5):(4)
111117AS 12:13:41 Swift/Fermi 1317558 0.58701% 0.3419013 105117 (14);(17);(4);(18)
111107A 00:50:24 Swift/Fermi 2.893 31.624 5.46102 3.7610:3 (4):(5):(5):(4)
111008A 22:12:58 Swift/KW 4.9898 75.7+23 10.921524 24.7112 A3(5):(5):(4)
110818A 20:37:49 Swift/Fermi 3.36 77.3728 20.167083 26.6728 (A%(5)(5)(4)
110801A 19:49:42 Swift/KW 1.858 40072 54.6117 10.9+27 (4%(5%(5):(4)
110731A 11:09:30 Swift/Fermi 2.83 46.6%71 3.3607297!1 49,5749 1.4710:08 (4)(5):(5):(4)(6)
110715A 13:13:50 Swift/KW 0.82 132174 145015922 436705 (4):(5):(5):(4)
110503A 17:35:45 Swift/KW 1613 9.3110% 2.10075.9%¢ 20.8131 (A%(5%(5):(4)
110422A 15:41:55 Swift/KW 177 26.73102% 9.2410:99 79.8182 (4%(5%(5):(4)
110213A 05:17:29 Swift/Fermi 146 431733 6.4410:32 5.78+081 (4):(5):(5):(4)
110205A 02:02:41 Swift/KW 2.22 277447 74.52+0:91 483754 (A)3(5):(5):(4)
1101068 21:26:17 Swift/Fermi 0.618 271} 8.127331 0.737597 (45(5)(5):(4)
101219A 02:31:29 Swift/KW 0.718 0.86190¢ 0.2407 3911 0.488 0958 3.5° (7):(5);(5):(4);:(19)
101213A 10:49:20.7987 Fermi 0.414 175.71133 20.2757 2.727333 (4%(5)(5):(4)
100906A 13:49:27 Swift/Fermi 1.727 116.857505 11.077512 29.9129 (4):(5):(5):(4)
100901A 13:34:10 Swift 1.408 459711 32.0132 42793 (A%(5%:(5):(4)
100816A 00:37:51 Swift/Fermi 0.8049 2.5010% 0.84075:916 0.7179:55 g.2tlap (4):(5):(5):(4):(20)
100814A 03:50:11 Swift/Fermi 144 177.0138 31.60197 153718 (4):(5):(5):(4)
100728B 10:31:55 Swift/Fermi 2.106 11521578 2.56101% 3.5510:38 (A)3(5):(5):(4)
100728A 02:18:24 Swift/Fermi 1.567 222.0753 57.357919 86.8157 (A%(5)(5)(4)
100704A 03:35:08 Swift/Fermi 3.6 194.6141 17.44738 19.1781 (10);(5):(5):(21)
100625A 18:32:28 Swift/Fermi 0.40"5:98 0.197912 0.14075:9%7 0.07515:903 (14):(5):(5):(4)
100621A 03:03:32 Swift/KW 0.542 66.3113 19437533 2.8210% (4%(5%:(5):(4)
100513A 02:07:08 Swift 48 65.115% 19+ 6.7510:33 (A%(5%:(5):(4)
100413A 17:33:28 Swift/Fermi 39 197.4723 55.5112 73748 (10):(5):(5):(21)
100117A 21:06:19 Swift/Fermi 0.915 0.51101 0.781010 1367532 (4):(22);(4);(6)
091208B 09:49:57 Swift/Fermi 1.063 152113 1.821012 2.06+021 0.79° (4);(5):(5):(4):(23)
091127A 23:25:45 Swift/Fermi 0.49 9.57193¢ 1.54010083 1.641078 1351030 (4)(5):(5);(4):(6)

(continued on next page)



26

Table 3 (continued)

E-E Wang et al. / Journal of High Energy Astrophysics 18 (2018) 21-34
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(s) (s) (102 ergs) (kpc)
091029A 03:53:22 Swift 2.752 40.0713 11477523 7.9740% (4):(5%(5):(4)
091024A 08:56:01 Swift/Fermi 1.092 11573 24.647057 18.4729 (4%(5%:(5):(4)
091020A 21:36:44 Swift/Fermi 171 39.0111 6.001017 8.4"l1 (4%(5%:(5):(4)
091018A 20:48:19 Swift/Konus-RF 0.97 4.447013 124075922 0.7+93 (15);(5):(5):(24)
090927 10:07:16 Swift/Fermi 137 18.4713 0.8410:09 0.276+0:933 (4):(5):(5):(4)
0909268 21:55:48 Swift/Fermi 124 126.4132 21.601082 414108 (4):(5):(5):(4)
090812A 06:02:21.89 Swift/KW 2.452 1001180 18.5010:42P 475182 (4):(25):(25):(4)
090809A 17:31:27.50 Swift 2.737 1901180 3.4015420 1.881028 (4);(25):(25);(4)
090726 22:42:40.75 Swift 2.71 51.001581P 9.201033° 1.80%13,° (24);(25):(25):(25)
090715B 21:03:27.63 Swift/KW 3 268.01520 153075810 23.8%37 (4):(25);(25):(4)
090709A 07:38:47.59 Swift/AGILE/KW 18 3007850 28.5070:450 20.9138 2.46%031 (26);(25);(25):(27):(6)
090618 08:28:42.85 Swift/Fermi/AGILE 0.54 1152075420 23.0070:81P 28.612:9 4.5%03 (4):(25);(25);(4);(6)
090530 03:18:31.38 Swift 1.266 41.001981P 2.6010:180 1737519 (4):(25);(25);(4)
090529 14:12:48.21 Swift 2.625 80+3b 19.0112° 2.567939 (4);(25);(25);(4)
090519A 21:09:09.42 Swift/Fermi 3.85 82.0734° 14.0010810 24,728 (4);(25):(25);:(4)
090516A 08:28:03.77 Swift/Fermi 4109 230.0151° 37.07180 72+1% (4);(25);(25);:(4)
090515 04:45:22.52 Swift 0.403 0.07013:5240 0.0200190033" 0.00094 1300014 86.2701 (4);(25);(25);(4):(6)
090510A 00:23:13.48 Swift/Fermi/AGILE 0.903 0.50075:961 0.12019:5120 3.957931 10.67%9 (7):(25):(25);(4):(6)
0904298 05:30:16.36 Swift 93 5.87030 15075980 6.7113 (4):(25);(25);(4)
090426 12:49:00.21 Swift 2.609 1300159810 0.32010:0240 0.445+0:0%6 0.4910:2 (7):(25):(25);(4):(6)
090424A 14:12:22.33 Swift/Fermi/AGILE 0.544 50.3010:340 19875930 4077341 2.621024 (4):(25):(25);(4):(6)
090423A 07:55:32.34 Swift/Fermi 8.1 12.4010810 3.8015120 8.8"21 (4):(25):(25):(4)
090418A 11:07:53.22 Swift/KW 1.608 57.9719% 17051041 17.2427 0.74° (4):(5):(5):(4):(23)
090417B 15:20:16.33 Swift 0.34 252.01380 8gt3p 0.1675.28 (15);(25):(25);(28
090404 15:56:43.44 Swift 3.0198 86.0135P 21.001981 5908 (29):(25):(25):(27
090313A 09:06:40.42 Swift 3.375 90.0787P 23.01}2P 442737 (4);(25):(25);(4)
090205A 23:03:27.82 Swift 4.6497 11.0075810 2.6010180 1127518 2.7128 (4);(25):(25);(4):(6)
090102A 02:55:45.86 Swift/Fermi/AGILE 1.547 31.007981P 8.3103b 22.6127 0.7810:32 (4):(25);(25);(4);(6)
081228 01:17:40.75 Swift 34 3.8010:420 0.480+0:048b 3.7418 (15)(25);(25);(27)
081222A 04:53:59.97 Swift/Fermi/AGILE 2.77 33.01]2° 4200100340 27.427 (4);(25):(25):(4)
081221A 16:21:11.84 Swift/Fermi 226 34.005610 8.001 5960 31.9732 3.3758 (4):(25);(25);(4):(6)
081203A 13:57:11.57 Swift/AGILE/KW 2.05 250127P 31.007 5610 32712 (4);(25);(25):(4)
081121A 20:35:32.85 Swift/Feimi/AGILE 2,512 19.0075810 5.5010:240 32.4%37 21 (4):(25);(25);(4);(6)
081118 14:56:36.73 Swift 2.58 67.0745P 18.0075810 12.2112 (4):(25);(25):(4)
081109A 07:02:06.61 Swift/Fermi 0.9787 70.0+18b 17.207542P 1.817512 (4):(25);(25);(4)
081029 01:43:56.78 Swift 3.8479 170.07530 49.0724P 121714 (4):(25):(25);(4)
081028A 00:25:00.79 Swift 3.038 280.0191P 78.011:8b 183718 (4):(25);(25);(4)
081008A 19:58:09.38 Swift/Fermi 1.969 2001]1° 32.0015810 101} 143102 (4);(25);(25);(4):(6)
081007A 05:23:52.74 Swift/Fermi 0.5295 5.6010230 1.600100810 0177352 0.717518 (4):(25);(25);(4):(6)
080928 15:01:32.86 Swift/Fermi 1.692 280111P 23.001 5610 3.9975:1 14.8103 (4);(25);(25);(4);(6)
080916B 14:44:47.32 Swift 435 34.07}8P 6.101450 563 (30):(25):(25):(30)
080916A 09:45:20.61 Swift/Fermi 0.689 63130 13.307034° 1049 0.14? (4):(25):(25):(4):(23)
080913A 06:46:54.12 Swift/KW 6.695 8.2070240 2.2010120 9.2127 (4):(25):(25);(4)
0809058 16:55:45.40 Swift/Fermi 2.3739 104.07%20 13.007581P 4557937 (4):(25);(25);(4)
080905A 11:58:54.97 Swift/Fermi/AGILE 0.122 1.0470:930 0.180+0:018b 0.0658+0:00% 182792 (4):(25):(25);(4):(6)
080810A 13:10:12.28 Swift/Fermi 3.35 453.01380 31.01]2° 47.8133 (4):(25):(25):(4)
080805A 07:41:34.73 Swift 1.5042 110183° 20.001 5610 5.057922 40754 (4):(25);(25);(4):(6)
080804A 23:20:14.66 Swift/Fermi 2.205 60.015:30 7.9019380 12.0112 (4);(25);(25);:(4)
080721A 10:25:16.97 Swift/AGILE/KW 2.591 30.07}8P 45073180 134123 (4):(25);(25):(4)
080710 07:13:10.79 Swift 0.8454 140.0757° 23.07}8P 1.687022 (4);(25):(25);(4)
080707A 08:27:53.68 Swift 123 30.3079:43" 3.3070180 0.3410:230 0.767038 (25);(25):(25):(25);(6)
080607A 06:07:27.00 Swift/AGILE/KW 3.036 84.0010810 7.5010:120 200120 54719 (4):(25);(25);(4);(6)
080605A 23:47:57.85 Swift/KW 1.64 19.67530 4.80070081P 28+14 0.7010:27 (4):(25):(25);(4):(6)
080604 07:27:01.15 Swift 14171 125.018P 27.0172° 1.05%012 (4):(25):(25):(4)
080603B 19:38:13.28 Swift/KW 2.69 59.501 5480 6.2015180 6.0731 (4);(25);(25);(4)
080520A 22:20:24.77 Swift 1545 3.0015240 0.51075:9280 0.1107588 o 41118 (25):(25):(25):(25):(6)
080516 00:17:07.03 Swift 32 6.8070180 1.0075120 12.0%8, (10):(25);(25):(27)
080430 19:53:02.07 Swift 0.767 16.0075810 3.40013:5510 0.38070:15:" 0.811037 (25):(25):(25);(25):(6)
080413B 08:51:12.54 Swift 11 7.0010:420 11675930 1617527 (4):(25):(25);(4)
080413A 02:54:19.30 Swift/AGILE/Suzaku 2433 46.607012P 5.3010:120 8.621 (4):(25):(25);(4)
080411A 21:15:32.58 Swift/KW 1.03 58.3010:430 6.700+0:9610 162718 (4):(25);(25);(4)
080330A 03:41:16.87 Swift 151 66.007 0810 40015360 0.4101527.° (25):(25);(25);(25)
080325A 04:09:17.33 Swift 1.78 184.0124P 41.0129° 9.55705 6.0757 (4);(25):(25);(4):(6)
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GRB Time Instrument z Too Tras Ey iso offset ref
(s) (s) (10°2 ergs) (kpe)
080320 04:37:38.46 Swift 7 21.07}8P 417930 34273 (31);(25):(25):(28)
080319C 12:25:56.96 Swift/AGILE 1.95 33*3b 5.0010180 14.9739 7. 4fgj‘, (4):(25);(25):(4):(6)
080319B 06:12:49.25 Swift/KW 0.937 147. o+2 “4b 20.300+3:5610 11872 1727532 (4):(25);(25):(4):(6)
080319A 05:45:42.05 Swift 2.0265 46.01]2 3 13305 gj{h 29.2125% (29);(25):(25);(28)
080310A 08:37:58.64 Swift 24274 362. 0+3 6b 24.000870 8. 58*3 gg (4):(25):(25);(4)
080210A 07:50:05.43 Swift 2.6419 44,0132 3 8.80™% ggb 4771025 " (4);(25):(25);(4)
080207A 21:30:21.44 Swift 2.0858 310. 0*9 Ib 70.07510 16.4118 6.6737 (4):(25);(25);(4);(6)
080129 06:06:45.46 Swift 4349 46.07%% i 10.0073810 8.0752P (25);(25):(25);(25)
080123 04:21:57.40 Swift/INTEGRAL 0.495 26. o*%jb 3.1010450 0.11713:53% (4):(25);(25):(4)
071227A 20:13:47.04 Swift/INTEGRAL/KW 0.383 2.2010180 0.50015:936b 0.08%0! 157753 (7%:(25);(25):(4):(6)
071122 01:23:25.62 Swift 114 79.0+450 16.011-20 0.300193.,° 0.63704 (25);(25):(25);(25);(6)
071117 14:50:06.91 Swift/KW 1.331 1700759610 1.2870.930 5.861279 (4):(25);(25):(4)
071112C 18:32:57 Swift 0.8227 15° 414 1. ssjgg} (6);(6);(6);(6)
071031A  01:06:36.96  Swift 2.6918 190.0187P 34.017250 4991057 (4):(25):(25):(4)
071025 04:08:53.68 Swift 5.2 161.0148P 39.0015810 4287285 (15):(25):(25):(28)
071020 07:02:26.94 Swift 2145 4.4079240 1.360100180 10.0148 (4):(25):(25):(4)
071011 12:40:13.00 Swift 5 87.0145P 18.0075810 2347182 (31);(25):(25);(28)
071010A 03:41:11.85 Swift 0.98 22,0120 1.8070:230 0.13013:13,° 0347 (25);(25):(25);(25);(23)
071010B 20:45:47.98 Swift/KW 0.947 35. oo+g s1v 4.70079:581P 2.3%04 0.881020 (4):(25);(25):(4):(6)
071003 07:40:55.01 Swift/INTEGRAL/KW 1.604 148.0075810 1031530 38.3143 (4); (25),(25) (4)
070810A 02:11:52.41 Swift 217 7.70+0:4 42h 2. 50+° 12'1 0.900+3:18 (25);(25);(25);(25)
070809 19:22:17.37 Swift 0473 0. 76+° 03 b 0. 260+0 018') 0. 0276+8 ggg; 20.01]8 (4); (25),(25) (4) (6)
070802A 07:07:25.87 Swift 245 15. oo+O 6”) 3.50752 24') 0.50015:32 b 11104 (25);(25);(25);(25);(6)
070729 00:25:53.91 Swift 0.8 1. 000*8 gg}b 0. 300+O 02‘“’ 0. 113*3 ggg (4):(25);(25);(4)
070724A 10:53:50.21 Swift 0.457 0.60013:081° 0. 110*0 ‘“Zb 0.006019:5014 5. stgg (7%:(25);(25):(4):(6)
070721B 10:33:48.00 Swift 3.6298 330.01¢1P 17. 00*3 g}b 24.2114 (4):(25);(25):(4)
070714B 04:59:29.62 Swift 0.923 64.0112 5 1.4010:120 0. 98fg gg 12. 4t33 (4):(25);(25):(4):(6)
070612A 02:38:45.98 Swift 0.617 255+3h 62.01180 2.00157,° (25):(25):(25);(25)
070611 01:57:13.89 Swift 2.0394 11. 30+° 420 2. 60+° 18'1 0. 92*3 3 (4):(25):(25);(4)
070529 12:48:28.34 Swift 2.4996 112. 0+z e 23. 0+1 20 12811 (4);(25);(25);(4)
070521 06:51:10.86 Swift/KW 135 560. 0+6 1 10. 50*8 300 10.8+18 (4):(25);(25);(4)
070518 14:26:21.20 Swift/KW 116 53079 }gb 1.20019:9810 0.090075:95% - (25):(25):(25):(25)
070508 04:18:17.83 Swift 0.82 21.2019230 5.20079.018b 7.741523 3.3%93 (4%:(32);(32):(4):(6)
070506A  05:35:58.06  Swift 231 3.6010180 1.00075:9610 0.51370:53% (4):(32):(32);(4)
070429B  03:09:0444  Swift 0.904 0.320075:9%1> 0.0807012P 0.047513:5071 4.7° (7):(32):(32);(4):(19)
070419B 10:44:05.97 Swift 1.96 134730 41.007081P 15.7414 (15);(32):(32):(27)
070419A  09:59:26.09 Swift 0.97 160.015:2° 37.0124P 0. 24*3}3 (4):(32):(32):(4)
070411A 20:12:33.00 Swift 2.954 109130 32.0015810 8.3170% (4):(32):(32);(4)
070328A 03:53:53.15 Swift/KW 2.0627 50.001 5810 12.7073120 64° (33);(32):(32):(33)
070318A  07:28:56.08 Swift 0.84 51.01180 10.3193b 3.647517 0.847047 (4):(32):(32):(4):(6)
070306A 16:41:28.17 Swift 1.4959 2601120 16.0075810 8.261041 0.787035 (4):(32);(32):(4):(6)
070208 09:10:3428  Swift 1165 52. 00*3 v 4.6070450 0.28010:13.° 0.83703%  (32):(32):(32):(32)i(6)
070129A 23:35:10.26 Swift 234 92.071-8P 28.0010:510 2.89102 (15);(32):(32):(27)
070110A 07:22:41.57 Swift 23521 48.0712P 16.2075:240 5.0103 (4); (32),(32),(4)
070103A  20:46:39.41 Swift 2.62 10. 90+° 120 15070180 0.587039 (15):(32)(32);(27)
061222B 04:11:02.35 Swift 3.355 42,018 5’ 124010340 8.0772P (32);(32):(32):(32)
061222A 03:28:52.11 Swift/KW 2.088 82. o+3 B 9.0075120 30. 0*2 " (4):(32);(32);(4)
061217 03:40:08.21 Swift 0.827 0. 350*8 9360 0. 1000*3 oostb 0.42315:972 5532 (7):(32):(32):(4):(34)
061210A  12:20:3933  Swift 0.409 0.10075:9120 0.040013:5551>  0.00247 39008 10.7757 (4):(32):(32);(4):(34)
061201 15:58:36.82 Swift/KW 0111 0.8610.930 0.22075:5120 0.0151735073 32.9701 (7%:(32);(32):(4):(6)
061126 08:47:56.42 Swift/RHESSI 11588 26. 80*8 jgb 5.5010: }%b 31.4%38 (4):(32);(32):(4)
061121 15:22:29.00 Swift/KW 1314 80t13P 5.80010:961b 23.5%27 (4):(32);(32):(4)
061110B 21:58:45.54 Swift 3.4344 32.4015870 8.60753 35'1 17. 9t} g 0. 46+3§§ (4):(32):(32);(4);(6)
061110A 11:47:2131 Swift 0.758 47.01}2 3 15. 00+g g}b 0.2801 5270 1.01%930 (10%:(32):(32):(35):(6)
061028 01:26:22.46 Swift 0.76 120*}}') 19.01120 0.229° (36);(32):(32):(36)
061021A 15:39:07.00 Swift 0.3462 1214030 2.50015:9610 0.507511 (4):(32);(32);(4)
061007A 10:08:08.81 Swift/KW 1262 74. 90*3 Erld 16.807512° 9019 211° (4%:(32);(32):(4):(23)
061006A 16:45:50.51 Swift/INTEGRAL/KW 0.438 51.01120 1.8075120 0. 179*3 ose 132752 (4):(32);(32):(4):(6)
061004 19:50:30.51 Swift 33 6.5ig;§b 1.62015:9340 2.0010670 (32):(32)(32):(32)
060927A 14:07:35.29 Swift 5.46 23.0010:20 3.2010:120 12.0728 (4%:(32); (32),(4)
060926A  16:48:41.85 Swift 32086  7.1070%3" 1500159810 2.297537 (4);(32):(32);(4
060923A  05:12:15.37 Swift 238 57.07] 8P 5.207% jg') 20.0752 2. 40’:3 o (15%3 ),(32),(28),(6)

(continued on next page)



28

Table 3 (continued)

E-E Wang et al. / Journal of High Energy Astrophysics 18 (2018) 21-34

GRB Time Instrument z Too Tras Ey iso offset ref

(s) (s) (10% ergs) (kpc)
060912A  13:55:5414  Swift 0.937 5.9079:360 1.12075.9420 0.80153,° 52112 (32):(32):(32):(32):(6)
060908A  08:57:22.34  Swift 1.884 185075180 5.3010120 7.241% (4):(32):(32);(4)
060906A  08:32:46.57  Swift 3.6856 70.0191" 125075250 7.811031 (4):(32):(32):(4)
060904B  02:31:03.85  Swift 0.7029 171.01180 5.9010:36b 2.4102 (11):(32):(32);(11)
060814A  23:02:19.03  Swift/KW 1.923 159.014:20 25.8010:420 56.737 (4):(32):(32):(4)
060805A  04:47:49.16  Swift 2.3633 11.01}2P 1.001013° 18721 (37):(32);(32);(28)
060801A  12:16:1515  Swift 113 0.70075:9810 0.180100180 3.277%40 17.6° (4):(32):(32);(4);(19)
060729A  19:12:2924  Swift 0.54 120.01]2P 18.0019810 1.6198 2.187327 (15)(32):(32);(11);(6)
060719A  06:50:36.94  Swift 1.532 57.001 5810 5.801018b 1.60703s 1.79%970 (10);(32):(32):(27);(6)
060714A  15:12:00.28  Swift 2.7108 119.01] 80 22.007351P 7.7010%% (4):(32):(32);(4)
060708 12:15:59.01  Swift 1.92 7.5010:45b 1.90015.9610 1.0670:98 (4):(32):(32):(4)
060707A  21:30:1949  Swift 3.424 75.01180 14.0075810 43711 (4):(32):(32):(4)
060614A  12:43:4850  Swift/KW 0.125 109.007581> 27.2010:360 0.217+3:987 0.80+0:93 (4):(32):(32);(4);(6)
060607A  05:12:13.35  Swift 3.075 103.0124° 15.1010:430 119728 (4):(32):(32);(4)
060605A  18:15:44.61  Swift 3.773 19.0019810 5.4793p 423108 1.357088 (4):(32):(32);(4):(6)
060604A  18:19:00.01  Swift 214 40.0015810 2.0075230 0.50"312 (15);(32):(32):(35)
060602A  21:32:12 Swift 0.787 77.01420 21.007351P 1.54% 121° (10);(32):(32):(6):(23)
060526A  16:28:29.95  Swift 3.22 296.07520 14.0075810 2757937 (4):(32):(32);(4)
060522 02:11:18.79  Swift 511 74.012:40 20,0112 6.471053 1,93 (4):(32):(32);(4);(6)
060512A  23:13:20.73  Swift 21 8.4010:360 1.9070:180 0.020013:018 (15);(32):(32):(32)
060510B  08:22:14.81  Swift 49 230.0124° 79.01180 19.173%8 (4):(32):(32);(4)
060505A  06:36:01 Swift 0.089 4.00 5810 0.023515:9022 7.2%91 (38);(38);(4);(6)
060502B  17:24:41.07  Swift 0.287 0.16075018>  0.0400739%81>  0.043310:0053 70118 (7):(32):(32);(4);(34)
060502A  03:03:32.14  Swift 151 3073P 8.6075-230 3.20007,° 0.447320 (32):(32):(32):(32);(6)
0604288  08:54:38.00  Swift 0.348 20.001351P 74010350 0.020013:02," (32):(32):(32):(32)
060418A  03:06:0820  Swift/KW 1.489 1001150 1457530 13.5727 3.5100 (4):(32):(32);(4);(6)
060306A  00:49:10.00  Swift 35 61.0010:510 3.6010180 7.6%10 (4):(32):(32):(4)
060223A  06:04:23.00  Swift 441 8.4010:240 2.6010:120 3.1010730 (32):(32):(32);(32)
060218A  03:34:30.00  Swift 0.033 128.0124° 34.01180 0.0054+3:0002 0.11610930  (4);(32);(32):(4):(6)
060210A  04:58:50.00  Swift 3.91 370121° 36.01]3° 322132 (4):(32):(32);(4)
060206A  04:46:5327  Swift 4,056 6.1075180 1.920100%80 41113 2.09"3% (4):(32):(32):(4):(6)
060202A  08:40:55.00  Swift 0.785 206.01240 59.07240 1.207999 11.6153 (4):(32):(32):(4):(6)
060124A  15:54:51.82  Swift/KW 2.296 8.201518P 2.4015180 43.8%%4 1117377 (4):(32):(32);(4);(6)
060121A  22:24:5450  HETE-2/KW 1.92703%  2.617519 0.73%0%7 (39):(6):(6)
060116 08:37:2723  Swift 6.6 36.0019:51P 9.6010:450 21.0197P (32):(32):(32):(32)
060115A  13:08:00.64  Swift 3533 110.007581>  16.0070:51P 5.9+38 2111048 (4):(32):(32);(4):(6)
060111B  20:15:43.24  Swift 15 61.011:20 11.0075810 2.9132 (40);(32);(32);(41)
060110 08:01:17.77  Swift 5 24.0712 5.6015120 83168 (31):(5):(32):(28)
060108 14:39:11.76  Swift 2.7 15.0112P 3.4015-180 0.59"55 (15);(32):(32):(35)
051227 18:07:16.00  Swift 0.714 35.5015:330 2.5075180 0.12015:9570 (32):(32):(32):(32)
051221A  01:51:16.00  Swift/INTEGRAL/KW  0.547 124075923 0.1600705061" 026370933 1.957018 (7):(32):(32);(4);(6)
051210A  05:46:2116  Swift 14 1.6075120 0.320.930 36113 (6):(32):(32):(6)
051117B  13:22:54.42  Swift 0.48 1057530 2.101318b 0.01875:92 (15):(32):(32):(27)
051111 05:59:4147  Swift 155 51.01240 9.90+0:240 154113 (4):(32):(32);(4)
051109B  08:39:39.00  Swift 0.08 8.3010:420 1.9070:180 0.00036013:00012 (32):(32):(32):(32)
051109A  01:12:20.00  Swift/KW 2.346 491030 1300100810 6.85073 (4):(32):(32):(4)
051022A  13:07:5849  HETE-2/KW 0.8 17818 10.307923 56.0728 131795 (4):(39);(42);(4);(6)
051016B  18:28:09.00  Swift 0.9364 1.40079081> 0.4810:03b 0.037015:933 21718 (32):(32):(32):(32);(6)
051008A  16:33:21.00  Swift 2.9 45.007981P 8.6010230 9.611° (43):(32):(32):(27)
051001A  11:11:36.00  Swift 2.43 56.011-20 20.007351P 2.09193% (15):(32):(32):(27)
050922C  19:55:50.00  Swift/HETE-2/KW 2199 4.607912P 1.20075:9230 5.6118 (4):(32):(32):(4)
050911 15:59:34.00  Swift 0.165 163075120 1.1075:120 0.008910:0018 (4):(32):(32);(4)
050908 05:42:31.00  Swift 3.347 108075240 3.4010.180 1547516 (4):(32):(32);(4)
050904A  01:51:44.00  Swift 6.295 19701180 71.011:20 133714 0.757923 (4):(32):(32);(4):(6)
050826A  06:18:10.00  Swift 0.297 3401} 80 5.2075380 0.0301 50270 1.777% (32):(32):(32):(32);(6)
050824A  23:12:16.00  Swift 0.83 38730 7.0075810 0.1501522 ° 3.6754 (32):(32):(32):(32);(6)
050822 03:49:29.00  Swift 143 105130 16.0013810 2.55732 (15):(32):(32):(27)
050820A  06:34:53.00  Swift/kW 2615 239.70703%>  11.007345" 103115 3.670 ] (4):(32):(32):(4)i(6)
050819A  16:23:55.00  Swift 25 47t3b 8.001081b 1.027)3, (15):(32):(32):(27)
050814 11:38:57.00  Swift 53 28.01180 10.0075810 9.9%11 (4):(32):(32);(4)
050813 06:45:09.80  Swift 0.72 0.50010:0120 0,090739120 0.015010:015:" 35.52 (32):(32):(32):(32):(19)
050803 19:14:00.00  Swift 43198 88.07]3P 17.0010:81P 0.24" 522 (29);(32);(32):(35)
050802A  10:08:02.00  Swift 171 14.3019810 41015180 5.661 0% (4):(32):(32);(4)
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Table 3 (continued)
GRB Time Instrument z Too TRras Ey iso offset ref
(s) (s) (1032 ergs) (kpc)
050801 18:28:02.07  Swift 1.38 5.9103b 1.00075.9810 0.417054 (15):(32);(32):(28)
050730A  19:58:23.00  Swift 3.969 60.011-80 21.0013810 11.8758 (4):(32);(32);(4)
050724A  12:34:09.00  Swift/INTEGRAL 0.257 92.0+120 2.5010:180 0.0619+3:5074 2.6810:08 (4):(32);(32);(4);(6)
050713A  04:29:02.39  Swift 3.6 120.017:30 7.70+3:18b 1567132 (31);(32):(32):(28)
050709A  22:36:36.70  HETE-2 0.161 0.07° 0.0080™0:5008 3.8759 (4);(14);(4):(6)
050607 09:11:23.00  Swift 4 17.3019450 4.4075180 12.341L (31):(32):(32);(28)
050603 06:29:05.00  Swift/KW 2.821 9.8075360 1.60010:0810 64.1754 (4):(32):(32):(4)
050525A  00:02:53.00  Swift/INTEGRAL/KW 0606  9.100759:2P 2.6010.930 2.3070%9 0.190735038  (4):(32):(32):(4)i(6)
050509B  04:00:19.00  Swift 0.225 0.080073:95420  0.0200739553>  0.0008575-99022 64.87124 (4):(32):(32):(4):(6)
050505A  23:22:21.00  Swift 427 60.0013:510 9.6010:430 16.0711 (4):(32):(32);(4)
050502B  09:25:40.00  Swift 5.2 1741530 2.1010:120 2.6610:22 (4):(32):(32):(4)
050502A  02:14:17.67  INTEGRAL 3.793 10.901516 4.60102%8 43 (44);(45);(42);(46)
050416A  11:04:45.00  Swift 06535  2.907018P 0.6307 59380 0.10010:93, 0.26170952  (32);(32):(32):(32):(6)
050406 15:58:48.00  Swift 2.44 5.0075810 0.9073120 0.23752.° (10);(32):(32):(27)
050401A  14:20:15.00  Swift/KW 2.898 34.47930 5.2010:240 37.6%73 0.667 54! (4):(32);(32);(4);(6)
050319A  09:31:18.00  Swift 3.243 154.0112° 12.0075810 4.637038 (4):(32):(32):(4)
050318A  15:44:37.00  Swift 1444 31.00015:951P 3.5010120 2.307023 (4):(32);(32):(4)
050315 20:59:42.00  Swift 1.95 95.0*18b 19.3070:480 6.157930 0.9810:48 (4):(32):(32);(4):(6)
050223A  03:09:06.00  Swift/INTEGRAL 05915  17.4075240 511030 0.070019:53,," (32):(32)(32):(32)
050126 12:00:53.00  Swift 129 29.07]3P 8.1010:4%0 2.4710% (4);:(32):(32);(4)
041006A  12:18:08 HETE-2 0.716 18° 4261512 3117588 2.5715:08 (4);(11);(42);(4);(6)
040924A  11:52:11 HETE-2/KW 0.859 2.39° 0.497902 0.9875-19 2.237512 (4);(11);(42);(4):(6)
030528A  13:03:03 HETE-2 0.78 62.8142 9.9910:53 2.227027 (4):(39);(42);(4)
030429A  10:42:23 HETE-2 265 13.0127 2.137932 2294027 8.199° (4);(39);(42);(4):(6)
030329A  11:37:15 HETE-2 0.169 22.76° 4.437023 1.627518 (4):(11);(42):(4)
030328A  11:20:58 HETE-2 152 13873 20.8107 38.9739 (4):(39);(42);(4)
030323A  21:56:57.60  HETE-2 3.37 32.6127 6.9107 2.9410:22 1.072° (4);(47);(42);(4);(6)
030226A  03:46:31.99  HETE-2 198 76+4 8.861087 127114 (4):(39);(42);(4)
030115A  03:22:34.28  HETE-2 2.5 20.3733 4261539 4195 (44);(39);(42);(44)
021211A  11:18:34.03  HETE-2 1.01 2.8 0.661912 1161013 (4):(11);(42);(4)
021004A  12:06:13.57  HETE-2 2.3 489 6.897041 3.471548 2.357° (4);(13):(42);(4);(6)
020813A  02:44:1917  HETE-2 1.25 87.9° 17.367523 68t (4):(13);(42);(4)
020405A  00.41.34 Ulysess/BeppoSAX/Konus 0.69 40.0722 10.187538 106111 (4);(48);(42);(4)
020124 10:41:1514  HETE-2 3.2 51.22 12147538 28.5728 (4):(13);(42);(4)
011121A  18:47:08 BeppoSAX 036 47.0732 8.3% 8.0122 4563 (4);(48);(49);(4);(6)
010921A  05:15:50 HETE/Ulysess/BeppoSAX 0.45 22.013% 5.04+0:33 0.97+010 1.897019 (4):(48):(50);(4):(6)
010222A  07:23:03 BeppoSAX/Konus 148 74.0751 3.421062 84.9759 0.3875:% (4);(48);(50);(4):(6)
000911A .. Ulysses/KW/NEAR/IPN 1.06 500° 6.46032 70t (4);(11);(42):(4)
000301D  09:51:37 RXTE/Ulysses 2.03 10° 0.62270983  (51);(36);:(52)
000210A  08:44:05 BeppoSAX/Chandra/Konus ~ 0.846 9.0114 1.067518 154117 7.773% (4):(48);(50);(4);(6)
000131 14:57:57.5 Ulysses/KW/CGRO 45 110° 4.547009 184732 (4):(36);(42);(4)
991208A  04:36:52 Ulysses/KW 0.706 60° 514 23.0123 1437571 (4):(11):(49);(4):(6)
990712B  16:43:02 BeppoSAX 0.434 19.07%3 3.547028 0.691013 (4):(48);(50);(4)
990705A  16:01:25 BeppoSAX/Konus 0.842 32,0714 7.94103, 18727 6.8104 (4);(48);(50);(4);(6)
990510A  08:49:06.3 BeppoSAX/CGRO 1619 67.6° 1.53192 18.1137 0.5715%8 (4);(13);(50);(4):(6)
990506A  11:23:30.9 RXTE/CGRO/BeppoSAX 13 129.0114 484755 98.1759 (4):(48):(50);(4)
990123A  09:46:56.1 BeppoSAX/CGRO 1.6 63.367028 6.5711 24173 5.890 (4);(53):(50);(4):(6)
980703A  04:22:452 RXTE/CGRO/BeppoSAX 0.966 4116753 115727 7.42707% 0.91%921 (4):(53):(50);(4);(6)
980613A  04:51:06 BeppoSAX 1.096 42422 0.5+51 0.7470:83 (4);(48);(4):(6)
980425A  21:49:08.7 CGRO/BeppoSAX 00085  18.07%1 4.46%023 0.000064 13000018 2.1910:01 (4);(48);(50);(4):(6)
9712148 23:20:412 BeppoSAX/CGRO 3.42 30.0183 1457039 22,1127 1117538 (4);(48);(50);(4);(52)
970828A  17:44:36.8 RXTE/CGRO/Konus 0.958 147° 12.9° 30.413¢ (4):(36);(49);(4)
970508A  21:41:46.8 BeppoSAX/CGRO 0.835 14.0138 1.70%93} 0.657513 0.09170:950  (4);(48):(50);(4):(52)
970228A  02:58:01 BeppoSAX/Konus 0.695 56.0132 1.547018 1.65%01¢ 31752 (4);(48):(50);(4);(6)

(

(
References. (1) Pozanenko et al. (2017); (2) Abbott et al. (2017a); (3) Abbott et al. (2017c); (4) Ruffini et al. (2016); (5) Golkhou and Butler (2014); (6) Li et al. (2016);

(

(7) Sang et al. (2016); (8) Jeong et al. (2014); (9) Dichiara et al. (2016); (10) Deng et al. (2016); (11) Cano et al. (2017); (12) Liang et al. (2015); (13) Turpin et al. (2016);
(14) Siellez et al. (2016); (15) Racusin et al. (2016); (16) Song et al. (2016); (17) von Kienlin et al. (2014); (18) Margutti et al. (2012); (19) Tunnicliffe et al. (2014); (20) Kopac
et al. (2012); (21) Wang et al. (2016); (22) Virgili et al. (2012); (23) Lyman et al. (2017); (24) Sakamoto et al. (2011); (25) Butler et al. (2010); (26) Arcodia et al. (2016);
(27) Wang and Dai (2014); (28) Robertson and Ellis (2012); (29) Perley et al. (2016); (30) Qin and Chen (2013); (31) Wei et al. (2014); (32) Butler et al. (2007); (33) Dado
and Dar (2016); (34) Cui et al. (2012); (35) Lt and Zhang (2014); (36) Chandra and Frail (2012); (37) Kriihler et al. (2015); (38) Troja et al. (2008); (39) Pélangeon et al.
(2008); (40) Kopac et al. (2013); (41) Rykoff et al. (2009); (42) Collazzi and Schaefer (2008); (43) Perley et al. (2013); (44) Yonetoku et al. (2010); (45) Minaev et al. (2014);
(46) Melandri et al. (2008); (47) Sakamoto et al. (2005); (48) Frontera et al. (2009); (49) Guidorzi et al. (2005); (50) Rossi et al. (2008); (51) Barniol Duran (2014); (52) Bloom

et al. (2002); (53) https://gammaray.nsstc.nasa.gov/batse/grb/catalog/current/index.html.

4 The errors are imputed by MICE algorithm.
b The errors in the original papers are in 90% confidence level, we changed the errors to 1 o confidence level by multiplying 0.995/1.645.
¢ We changed the values into logarithm form or from the logarithm form into the normal form.
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Table 4

Lpk and the related spectral information. The definition of each parameter is shown in Section 2. The data are selected with accompanied offset available.
GRB Lpk*® - —-B Epk Model ref

(10°% erg s 1) (keV)

170817A 1.6 — 5127E5df (13(2)
130606A gr2fed 1.14075.5910 294135P CPL (3):(4):(4):(4)
130427A 7.1+03cd 0.9179¢1 3.18%003 877.874% Band (3%:(4):(5):(5):(5)
110731A .17} 1ed 0.8275:9 232155 312125 Band (3):(4);(6):(6);(6)
100816A 0.98410:922 (7):(8)
091208B 2.05%031 (9):(10)
091127A 0.358+0.013 (9):(4)
090618 0.93715:912 (7):(4)
090426 2.9075 784 19379730 SPL (3)%:(4):(4)
090424A 1.68070:0% (7:(4)
090418A 1187533 (9):(10)
090205A 130758, 1.0794P 331190 CPL (3):(4);(11);(11)
090102A 5.831082 (9):(4)
081221A 11.8102 (M4
081121A 5374074 (7)(4)
081008A 0.551013ed 1.01075:9730 2.0970130 1667220 Band (3):(4);(12);(12);(12)
081007A 0.03415-018¢d 1.4010:360 27.07570 CcPL (3):(4);(11);(11)
080928 0.4747518 cd 1.70+0:080 74F1870 CPL (3):(4)(11);(11)
080916A 0.10875:9%3 (7):(10)
080805A 0.2117521 «d 1540700330 30013330 CPL (3):(4)(11);(11)
080707A 0.22175:978¢d 1.78%017 SPL (3):(4):(13)
080607A 129728 (9):(4)
080605A 9.82+0.18 (7):(4)
080430 0.10375.23, (14);(4)
080319C 6.0475 ,, (14);(4)
080319B 7.391071 (9):(4)
080207A 0.617511 (7):(4)
071227A 0.033415:9049 (15):(4)
071122 0.0357 59554 1.607023° 1117380 CPL (3)%(4);(11);(11)
071112C 4,07} 1090705420 SPL (3):(4):(16)
071010A 1.97759,¢4 2.24705° SPL (3):(10);(4)
0710108 0.605° 0014 (7):(4)
070802A 0.24102 cd 1.8070-180 55+1e1D CPL (3):(4);(11);(11)
070724A 0.015875:9932 (15):(4)
070714B 1457017 (9):(4)
070508 2.37410:9%7 (7):(4)
070429B 0.24610:9%8 (15)(17)
070318A 0.073+9:58¢d 1.410175.9380 19612690 CPL (3):(4):(18);(18)
070306A 0.8671)%3,, (14):(4)
061217 0.10810:018 (15):(19)
061210A 0.21575012 (15)(19)
0611108 0.5910:33¢d 0.7070120 55075930 cpL (3):(4):(18):(18)
061110A 0.01707 3538, <4 16070580 10673810 CPL (3):(4):(18);(18)
061007A 143123 (9%:(10)
061006A 0.246073:002, (15):(4)
060912A 10767005 5.2712 200733%° CcPL (20):(4):(18):(18)
060801A 0.47610:952 (15):(17)
060729A 0.019615085¢d 1.8075.980 671139 CPL (3):(4);(18);(18)
060719A 0.541018¢d 1.9075:960 551310 CPL (3):(4);(18);(18)
060614A 0.00808™0:9013, (9):(4)
060605A 0917313 (21);(4)
060602A 0.06113:923 (15):(10)
060522 2.331078 (9):(4)
060502B 0.0065™ 554 (15);(19)
060418A 1.96704 (14):(4)
060218A 43E — 61138 (9):(4)
060206A 7.18%327 (7):(4)
060124A 10.273 (9):(4)
060121A 24.5118 (15):(4)
060115A 1551013 (7):(4)
051221A 0.25810:9% (15);(4)



E-F. Wang et al. / Journal of High Energy Astrophysics 18 (2018) 21-34 31

Table 4 (continued)

GRB Lpk*® —a —-B Epk Model ref
(10°2 erg s 1) (keV)
051022A 3.124041 (9%:(4)
051016B 0.06510:9%8 (9%(4)
050904A 8.5123 (9%:(4)
050826A 0.003313,2032 (15):(4)
050824A 0.187519¢d 2.7673230 SPL (3%:(4):(4)
050820A 3.22793, (9%:(4)
050813 0.0410:52 (15):(17)
050724A 0.009915:5023 (15);(4)
050709A 0.054015:9067 (15);(4)
050525A 115975916 (7):(4)
050509B 7E — 473001 (15):(4)
050416A 0.0875:919 (9%:(4)
050401A 12.07%3 (9%(4)
050315 0.8810:33 (9%:(4)
041006A 0.53170:922 (9):(4)
040924A 0.86705% (9%(4)
030429A 0.75%939 (9%:(4)
030323A 1.1410% (9%:(4)
021004A 0.91751° (9%:(4)
010921A 0.1319¢! (21):(4)
010222A 28.7113 (9%:(4)
000210A 7.012% (9%:(4)
991208A 468702, (9%:(4)
990705A 2.211019 (9%:(4)
990510A 52111 (9%:(4)
990123A 27.5%12 (9%:(4)
980703A 1207523 (9%:(4)
980613A 0.19310:9%8 (9%(4)
971214B 9.5753 (9%(22)
970508A 0.16410:021 (9%(22)
970228A 1.54102) (9%:(4)

References. (1) Zhang et al. (2017a); (2) Abbott et al. (2017c); (3) Deng et al. (2016); (4) Li et al. (2016); (5) Goldstein et al. (2016); (6) Ackermann et al. (2013); (7) Lin
et al. (2016); (8) Kopac et al. (2012); (9) Yonetoku et al. (2010); (10) Lyman et al. (2017); (11) Butler et al. (2010); (12) Heussaff et al. (2013); (13) Krimm et al. (2009);
(14) Ukwatta et al. (2010); (15) Zhang et al. (2009); (16) Nava et al. (2012); (17) Tunnicliffe et al. (2014); (18) Butler et al. (2007); (19) Cui et al. (2012); (20) Rizzuto et al.

(2007); (21) Rossi et al. (2008); (22) Bloom et al. (2002).
The peak luminosity is for 1 s time binned light curve.

a

b The errors in the original papers are in 90% confidence level, we changed the errors to 1 o confidence level by multiplying 0.995/1.645.
¢ The values are calculated using the spectral values in order to change the energy band.
d
e

We changed the values into logarithm or from logarithm into the normal form.
The values are calculated using « and break energy Eg.

f The peak luminosity of GRB 170817A is derived from 50 ms time resolution light curve.

Fig. 1 also gives a clear indication that all the GRBs are gath-
ered in two distinct groups. We apply K-Means clustering algo-
rithms to get the boundary between this two traditionally classes.
The boundary is represented with a dash line in Fig. 1. Two dif-
ferent clusters cannot have any object in common. The similarity
measure between the cases defined as the euclidean distance on
the duration-offset plane. Variables with incompatible units are
faced in our dataset. We use logarithmic variables, rather than
normalized or standardized variables. Because units can be re-
moved by taking logarithms and the ranges of variables is similar.
We kept information on burst duration and offset. The bound-
aries are log(offset) = 2.33 x logTqp; — 0.63 and log(offset) =
1.73 x log Try4s ;i +0.92. We assume that the group of bursts on the
duration-offset plane is separated and equal-sized. Each cluster is
described by a single point known as the centroid. The centroid
of each class is defined as the mean values of log Tgq i, l0g Tr4s.i,
and log (offset). The centroids are marked with black open trian-
gles in Fig. 1. These two groups are generally consistent with long
and short GRBs, while with few outliers.

We have also checked the correlations of the offset with other
parameters, while no much significant relations has been found.
For the offset — E, correlation, as the peak energy can be best

fit with Band function or with CPL model, there are two corre-
lations. For the Band function model, the Pearson coefficient is
0.30£0.22 with p-value 0.32. For the CPL model, the Pearson coef-
ficient is 0.03 £ 0.13 with p-value 0.88. Though there is relatively
weak correlation between offset and Lpy, there is no strong evi-
dence for offset and L, jso. The corresponding Pearson coefficient
is —0.03f8:8; with p-value 0.73 as also shown in Table 2.

It is important to decide the true number of groups. There is no
certain way of telling the goodness of the clustering. The silhouette
coefficient is a measure of the compactness and separation of the
clusters. It increases as the quality of the clusters increase, it is
large for compact clusters that are far from each other and small
for large and overlapping clusters. According to the silhouette co-
efficient, the most probable number of clusters is 2 for our set of
GRBs.

To figure out the correlations are solely caused by the long or
short GRBs progenitors, or there is intrinsic tendency inside LGRBs
or SGRBs, we divided the 304 GRBs into SGRBs and LGRBs follow-
ing the widely believed relation of Tgg with 2 s. The coefficients
are also listed in the Table 2. We list the relations with mean cor-
relation coefficient p-value smaller than 0.1.
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The relation between E jso and host galaxy offsets for SGRBs
is:

log(offset) = —0.2270-02 x log E, iso.52 +0.7110 02, 9)

where the offset is in unit of kpc, and E, jso,52 is in unit of
10°2 ergs.
The relation between Ly, and host galaxy offsets for SGRBs is:

log(offset) = —0.4975:92 x log Lyk 52 +0.357913, (10)

where the offset is in unit of kpc, and Lpy 52 is in unit of 1052 erg/s.
The relation between Trgs i and Ey jso for SGRBs is:
10g Ey iso,52 = 1.45709% x log Tras i +0.57013, (11)
where Trgs; are in units of seconds, and E jso,52 is in unit of
10°2 ergs.
The relation between Trgs; and Ey jso for LGRBs is:

10g Ey iso.52 = 0.3670:0) x log Tras i +0.5570-01, (12)

where Trgs; are in units of seconds, and Ey jso,52 is in unit of
10%2 ergs.

When the GRBs are divided into long and short ones, there is
no clear correlation between the offset and the duration. It shows
that the origin of LGRBs and SGRBs is only due to the spatial offset.
The correlations of log(offset) — log E, iso and log(offset) — log Lpy
observed only for SGRBs. It might indicate that the SGRBs can
still be divided into several sub-groups. A possible explanation
could be the sub-groups of NS-NS merging and BH-NS merging
as origin of SGRBs. For the BH-NS merger, the total gravitational
energy is larger than the NS-NS merger, as the BH mass can be
much larger. On the other hand, the more massive BH is harder
to be kicked outside the host galaxy, and should be located near
to the center. This naturally explains the anti-correlation shown
in Eq. (9). Interestingly, as shown in Table 2 for short GRBs, also
for the offset — Ly 5o and offset — Ly, one is quite weak (Pear-

son coefficient being 0.07f8:8‘7l with p-value 0.19 for offset — L), jso)
while the other is relatively quite strong (Pearson coefficient being
—0.6210:53 with p-value 0.02 for offset — Ly).

Interéstingly, the Ey jso — Tras,; relation has also been observed,
however the coefficients are quite different for the combined GRBs,
SGRBs and LGRBs, as shown in Table 2 and in Eqgs. (8) and (12).
Especially, for the combine sample and for Short GRBs alone, the

Pearson coefficients are 0.425™0 003 with p-value 3.6 x 10714 and

0.53J_rg:8}1 with p-value 0.01. These relations are quite strong. How-
ever, the underlying reason is not clear.

4. Conclusion and discussion

In this work, we studied the relations of the spatial position
of GRBs in their host galaxies with their durations and energies.
Using the available data, we tested the correlations between Tqq j,
Trasi, Eyiso» Ly,iso» Lpk and corresponding spatial offset in their
host galaxies. We found the host galaxy offsets have negative cor-
relations with the other four parameters. This negative relation for
(Too.i and Tr4s i) seems reasonable, because LGRBs are most-likely
from massive star collapsing, so the GRB positions are closer to
the center of its host galaxies. On the other hand, SGRBs are most-
likely from binary mergers. For the binary mergers, the system
will experience large velocity kicks at birth, leading to eventual
mergers outside the host galaxies (Berger, 2010). Therefore, mostly
SGRBs have bigger spatial offsets than LGRBs. But there is no corre-
lation about host galaxy offsets and duration for SGRBs and LGRBs
respectively, so different origins offer a natural explanation for the
two negative correlations. Interestingly, Ly is related to the offset,

while L) 5o is not, and the E, jso — Tras,i relation is quite differ-
ent of the long GRBs, short GRBs and the combined sample. We
also found the special GRBs 170817A and 060218A are outliers in
most of the scatter plots, which might indicate there are more sub-
groups in the GRB samples.

Considering the relation between the Ey, i, and the offsets, for
the combined GRBs analysis, as the SGRBs have lower energy than
LGRBs, it becomes natural that E, jso and the host galaxy offsets
have negative correlation. We have found a similar correlation for
SGRBs. We interpret it as a result of different progenitors. If the
progenitor is NS-BH, the SGRBs have larger E,, j5, and smaller spa-
tial offset, because the bigger mass of the system and smaller kick
velocity. While for the NS-NS progenitors, the behaviors are on
the opposite. For the positive correlation of Ey jso and Trgs i, we
can find significant correlation for the combined GRBs, SGRBs and
LGRBs. Therefore, it is a common property for GRBs, no matter
what the central engines or progenitors are.

We have seen the main tendency is that: for SGRBs, they are
distributed in the outer side of the host galaxies, while for the
LGRBs, they are in the inner side. This supports again that the
SGRBs are from mergers of compact stars (NS-NS, or NS-BH),
while the LGRBs are from the core collapsing of the massive stars.
With this topic, the strongest evidence is the SNe Ic connection
to the long GRBs, such as GRB 980425/SN 1998bw (Galama et al.,
1998), while for the short GRBs is the gravitational wave event as-
sociation, i.e., the most recently discovered NS-NS merger event
GRB 170817A/GW170817 (Abbott et al., 2017b). Within the SGRBs,
it also shows an anti-correlation between the offset and isotropic
y-ray energy. This may indicate the double origins for the SGRBs,
i.e.,, NS-NS origin with lower energy and locating nearer the cen-
ter of the host galaxy, while BH-NS origin with higher energy
and locating at outer side. A possible explanation might be that
at the birth of the NS or BH, for very high speed NS, the com-
panion compact star has the chance to decouple, while the high
speed BH (with more mass) binary can survive, and consequently
reaches to outer area of the host galaxy. Also because of the range
of the BH masses, it may explain the variety of the magnitude of
the kilonovae (or called macronovae, merger novae) (Gao et al.,
2017). We have analyzed the correlations by dividing the sample
into long GRBs and short GRBs based on the duration being greater
or smaller than 2 s. It is also possible to perform the same analysis
based on the k-means classification, which were given in Section 3.
As one can see, the sample does not change much, and the results
may not change much neither.

Our data is biased for strong or optically bright GRBs. The op-
tically dark GRBs are hard to identify the host galaxies and hence
the spatial offsets are not available. The GRBs can be dark due to
high absorption by the dense medium which may not affect the bi-
asing of offset. In the case intrinsically dark GRBs, the offset might
be intrinsically different from the bright GRBs. However to investi-
gate the answer to this property is beyond the scope of this work.
It is possible that the GRB location is just occasionally overlap-
ping with a galaxy, while the host galaxy is much dimmer in the
foreground or background. This may introduce some bias to the
data, especially for the large offset ones. Additionally, our statisti-
cal analysis totally rely on observational resolution and technology.

In the future, one can get more information about the host
galaxy with the enhancement of the GRB monitors and observa-
tions with higher angular resolution. Monitoring the host galaxies
mostly rely on the ground optical follow up efficiency. With more
powerful telescope, one can get more information on-site the po-
sition of the GRB location (not only the whole galaxy). The en-
vironment, such as circum-burst density, star formation rate etc.,
are also important observations to be made. These information are
crucial for understanding the physics of GRBs as well as the final
stage of the stellar evolution.
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