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The characteristics of the Gamma-Ray Bursts (GRBs) environment may reflect the differences in
GRB progenitors: long GRBs are expected to be found in high-density star-forming regions of the
GRB host galaxies, while short ones may be associated with an older stellar population that may
have had the time to travel far from stellar forming regions in potentially lower density regions.
The latter is related to the hypothesis that short GRBs are associated to the merging of compact
objects (BH-NS or NS-NS).

We used the Swift XRT GRB afterglow archive to compare the intrinsic neutral hydrogen column
density values for long and short GRBs within the redshift range 0.1- 1.3, performing a coherent
analysis, and excluding from our analysis observations with poor statistics, which reduced our
sample to 15 short GRBs.

While short GRBs effectively show a median absorption value smaller than long ones the result is
not statistically significant. In order to increase our sample we added short GRBs without redshift
measure, and we assigned them random redshifts in the same range achieving a marginal increase

in the statistical difference between long and short GRBs.

Swift: 10 Years of Discovery,
2-5 December 2014
La Sapienza University, Rome, Italy

*Speaker.

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


mailto:dounia.saez@subatech.in2p3.fr
mailto:diego.gotz@cea.fr

Constraining GRB progenitors environment with Swift XRT Diego Gotz

1. Introduction

The Gamma-Ray Bursts (GRBs) are one of the most violent phenomena in the Universe and
the question of their progenitors is yet to be fully answered. From the CGRO/BATSE data, a
classification of the GRB based on their duration was established [1]. The distribution of the latter
is bimodal with a separation around 2 seconds. If the burst has a duration smaller than 2 seconds,
it is classified as a short GRB. On the other hand, should the burst lasts more than 2 seconds, it will
belong to the long GRB category. This bimodal distribution is expected in the light of the latest
models, as short and long GRBs are supposed to originate from different progenitors.

Current models are in favour of a binary merger (BH-NS or NS-NS) for the explanation of the
origin of the GRBs. On the other hand, long GRBs are believe to be the results of the death of
massive stars - supernovae. Since the launch of Swift [2], several short GRBs were localized and
many of them have X-ray follow up of the afterglow in the 0.3-10 keV range.

For the two different classes of GRBs, we expect to have also different host galaxy, which can
provide indication about the nature of the GRB progenitors. Thus, the study of their environment
by the mean of the X-ray afterglows with Swift/XRT [3] is a strong indicator of their surroundings.

2. Sample selection

Multiple criteria have been used to build our sample. First of all, short and long GRBs are
separated using the Ty criterium and the spectral lag !. All GRBs having a Toy smaller than 2
seconds and without spectral lag in the prompt emission were classified as short GRB (see 2.1).
Extended soft emission can affect the length of Tyy , so if the former is slightly superior to 2
seconds, the GRB can be classified as a short GRB and its properties studied to lift the ambiguity.
Other GRBs with a Tyg be superior to 2 seconds and a spectral lag, will be studied as long bursts
(see 2.2).

For all GRBs selected this way, other criteria are needed to conduct the study: the chosen time
interval of the afterglow should bear no or small spectral evolution (constant hardness ratio over the
given interval), sufficient statistics and observation time (more than 200 counts) and robust redshift
value, preferentially measured in optical wavelength through spectroscopy.

The galactic contribution to Ny in the direction of each GRB used here comes from Kalberla
et al. [5].

2.1 Short GRBs

From the criteria above, our final sample has 15 GRBs. 9 of them are also present in the
Kopac et al. [6] sample, 1 in the D’ Avanzo et al. [7] one and the 5 remaining were not studied yet.
The different values of the hydrogen column density (Ny) between the two former papers and our
results are consistent and are reported, as well as the redshift (z) and GRB duration (Tyg) in table 1.

In order to add statistics to our sample, 6 more GRB without redshifts have been chosen for
this study : 051210, 060801, 070809, 120305A, 121226A and 130912A. Their redshifts are, for

"However, see the recent work by Bernardini et al. [4] about spectral lag in long and short GRBs
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GRB T90 z NgyGal. Ngu(z)

(s) (10%ecm~2)  (10*cm™?)
050724 3.0 0257 140  277'39  GRB T90  z NyGal. Nh(z)
051221A 14 0546 5.7 21.7+8% (s) (10%m=2)  (10¥cm2)
061006 04 0438  14.1 16.07141 051210 13 0658 191 2774550
070714B 2.0 0923 6.4 26.571%3 - 0387 - 21.17142
070724A 0.4 0457 1.2 51.3722 060801 049 0658 135 1047153
071227 1.8 0381 1.3 19.177% - 1009 - 1514214
080905A 1.0  0.122 9.0 1187298 070809 1.3  0.658  6.40 Hostless
090510 0.3  0.903 1.7 1747343 - 0.565 - GRB
100117A 0.3 0915 2.7 359714 120305A  0.10 0.658 113 4047378
100816A 2.9  0.805 45 2524101 - 0.565 - 35.67500
080123 115 0495 23 13.974%  121226A 1.0 0658 611 2664733
101219A 0.6 0718 491  46.67337 - 1237 - 535.413055
111174 05 13 3.7 40578 1309124 028 0658 123 13.1719¢
120804A 081 1.3 9.3 143.07818 - 0496 - 10.67 150
130603B  0.18 0356  1.93  28.7%37
131004A 1.54  0.71 108 482%377

Table 1: Sample of short GRBs. The left table is the GRB sample with measured redshifts. The right table
is the GRB sample with fixed or random redshifts.

each GRB, either picked at random in or fixed at a median value. The fixed value chosen for the
redshift is 0.658, the median value of all measured redshifts. The range of the random redshift goes
from 0.133 to 1.3 : this correspond to the minimum and maximum values of our initial sample with
robust redshifts. The results are in the table 1 as well.

2.2 Long GRB

For this case, we decided to stay below a redshift of 1.3, which is the z,,,,, for the short GRB
sample. We choose to use the results from Campana et al [8] for 23 GRBs, Salvaterra et al.[9] for
6 GRBs and we analyzed 10 unpublished GRBs. All results are presented in table 2.

Two peculiar GRBs were excluded from this sample : 101225A, the Christmas burst and
111209A. Both of them are too long and are exceptions.

3. Analysis and results

All the measurements of Ny from the Swift/XRT spectra were done using Swift burst analyser
and fitting tool XSPEC version 12.7. : a combination of a powerlaw, a local redshifted absorber
and the absorption in the line of sight due to our Galaxy were used to fit the spectra.



Constraining GRB progenitors environment with Swift XRT Diego Gotz

GRB z Nu(2) Ref.
(102em™2)
050416A | 0.654 6.1193 C10
050525A | 0.606 15759 C10
050803 | 0.422 2.0192 C10
050826 | 0.297 7.1°29 Cl10
051016B | 0.936 778 C10
060218 | 0.033 52103 C10
060614 | 0.13 0.331)18 S12 GRB T90 . Ny Gal.  Ny(2)
+0.2
oo (0701 4t i © (Pen) (0¥
0609124 | 0.94 32713 s 101219B | 340 05519 339 10979}
061007 | 1262  4.5%03 C10 110715A | 13 0.82 245 56.17158
061021 | 035 073IG7  SI2 poapdA | 535 028 361 220142
OOITI0A 1 0758 1155 clo 120729A | 71.5 0.80 14.0 35 7“2.'6
070208 | 1.165 8.6139 C10 ' ' ' o109
070318 | 0840 71Y97  clo 120907A | 169 0970 538  25.1%}3%

-1.3

070419 | 0.971 35011 C10 121211A | 182 1.023 0958  50.573
071112C | 0823 06%3  CI0 131103A | 173 0599 108  63.77269

7122 | L 2205 €0 niea | 843 102 251 4577383
080319B | 0.938 13701 C10 '
030411 | 1030 46704 clo 140506A | 111.1  0.889 751  44.6%}3}
080413 | 1.101 2.7+03 C10 140512A | 1548 0725 970  13.4*%3
080430 | 0.767 3.9%03 C10
080707 | 1.232 33119 C10
080916 | 0.689 9.0139 C10
081007 | 0.530 6.2103 C10
090424 | 0.544 5.170% C10
091018 | 0.97 10109 S12
091127 | 0.49 0.76193° S12
100621A | 0.54 18.0712 S12

Table 2: Sample of long GRBs. The left table is the GRB sample from Campana et al. (C10) and Salvaterra
et al. (S12). The right table is the new GRB sample.

3.1 Sample with measured redshifts

Our final sample consist of 15 short GRBs at redshift inferior to 1.3 and 39 long ones, at
redshift smaller than 1.3. The distributions are plotted in figure 1.

The average Ny in this study is 21.46 (in logj) for the short GRBs with a variance of 0.26.
Kopac et al. [6] found 21.4 with a variance of 0.1, which is consistent with our sample even though
their sample was smaller. In the same way for the long GRBs, we obtained an average value of
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Figure 1: Ny Distribution of GRBs from our sample : red for short ones, blue for long ones

21.64 for Ny with a variance of 0.41, whereas Campana et al. [8] found 21.9 with a variance of 0.5
but their sample includes GRBs with redshifts larger than 1.3.

A Kolmogorov-Smirnov test was made on our sample to test the probability that the two distri-
butions of short and long GRBs could come from the same initial distribution. We get a probability
of 0.5 and a distance of 0.24, so we can not state on a statistical difference between the two distri-
butions.

3.2 Fixed and random redshift

As above, the same tests were performed on our second sample, where we included random
picked or fixed values of redshift. For both cases, the Kolmogorov-Smirnov test gave the same
8 8
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Figure 2: Ny distribution of short and long GRBs with fixed(left) and random(right) redshifts

probability of 0.51 and the distance of 0.22. The addition of those GRBs to our initial samples



Constraining GRB progenitors environment with Swift XRT Diego Gotz

did not change the value of the KS probability and thus, we still cannot conclude to any statistical
difference between the two distributions.

4. Discussion and conclusions

Out study shows that the short GRBs environment is slightly less dense than in the long GRBs
ones, as expected by the predictions by the current models. But due to the lack of statistics we
cannot fully support these conclusions. More afterglow observations of short GRBs are needed at
all redshifts. Better absorption measurements are expected to constrain the theory models.

In the future, more Swift/XRT observations and SVOM/MXT, (see Gétz et al., these proceed-
ings) could help providing the necessary statistics to build a bigger sample of GRBs and thus,
determine with better accuracy the difference between the environment of short and long GRBs.
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