
P
o
S
(
G
R
B
 
2
0
1
2
)
1
3
6

TOUGH: Observational aspects of gamma-ray burst
host galaxies

Jens Hjorth ∗,a Daniele Malesani, a Andreas O. Jaunsen, b Andrew J. Levan, c

Bo Milvang-Jensen, a Darach Watson, a Javier Gorosabel, d Johan P. U. Fynbo, a

Michał J. Michałowski, e Nial R. Tanvir, f Páll Jakobsson, g Palle Møller, h

Steve Schulze g and Thomas Krühler a

a Dark Cosmology Centre, Niels Bohr Institute, University ofCopenhagen
DK-2100 Copenhagen, Denmark

b Institute of Theoretical Astrophysics, University of Oslo
PO Box 1029 Blindern, N-0315 Oslo, Norway

c Department of Physics, University of Warwick
Coventry CV4 7AL, UK

d Instituto de Astrofísica de Andalucía (IAA-CSIC)
P.O. Box 03004, E-18080 Granada, Spain

e SUPA, Institute for Astronomy, University of Edinburgh, Royal Observatory
Edinburgh, EH9 3HJ, UK

f Department of Physics and Astronomy, University of Leicester
University Road, Leicester LE1 7RH, UK

g Centre for Astrophysics and Cosmology, Science Institute,University of Iceland
Dunhagi 3, 107 Reykjavík, Iceland

h European Southern Observatory
Karl-Schwarzschild-Str. 2, D-85748 Garching by München, Germany
E-mail: jens@dark-cosmology.dk, malesani@dark-cosmology.dk,
ajaunsen@gmail.com, A.J.Levan@warwick.ac.uk,
milvang@dark-cosmology.dk, darach@dark-cosmology.dk, jgu@iaa.es,
jfynbo@dark-cosmology.dk, mm@roe.ac.uk, nrt3@leicester.ac.uk,
pja@hi.is, pmoller@eso.org, sts30@hi.is, tom@dark-cosmology.dk

GRB-selected galaxies are broadly known to be faint, blue, young, star-forming dwarf galaxies.

This insight, however, is based in part on heterogeneous samples of optically selected, lower-

redshift galaxies. To study the statistical properties of GRB-selected galaxies we here introduce

The Optically Unbiased GRB Host (TOUGH) complete sample of 69 X-ray selectedSwiftGRB

host galaxies spanning the redshift range 0.03–6.30 and summarise the first results of a large

observational survey of these galaxies.
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1. Introduction

Gamma-ray bursts (GRBs) arise from the deaths of short-lived stars [1]. Hence, their host
galaxies bear important information about the nature of GRB progenitors and furthermore act as
tracers of star formation at a very wide range of redshifts.

The host galaxy of the nearest known GRB host galaxy, that of GRB 980425/SN 1998bw at
z= 0.0085 [2], may be seen as representative of this population: it is a dwarf (SMC sized) star-
forming galaxy harbouring a highly star-forming region [3, 4]. Indeed,in theBeppoSAX/HETE-II
era, it was established that GRB host galaxies are typically sub-luminous, blue, young, high spe-
cific star-formation rate systems [5, 6, 7], with the GRBs originating from the UV/blue light of
the galaxies [8, 9]. The metallicities were found to be preferentially low [10, 11], providing an
interesting constraint on progenitor models of GRBs, consistent, according to the mass-metallicity
relation, with the finding that the stellar masses are generally low [12, 13]. Early sub-mm (SCUBA)
observations revealed a rare population of low-redshift (z∼ 1) blue galaxies [14, 15], with some-
what elevated dust temperatures [16].

The above results are based on heterogeneous samples of mostly lower-redshift galaxies, e.g.,
relying on the existence of a bright optical afterglow for localisation and redshift determination.

At higher redshifts, GRB host galaxies are very faint, consistent with their being dwarf galax-
ies. For example, atz= 3.2 (the redshift being determined via afterglow absorption spectroscopy)
GRB 020124 [17, 18] and GRB 060526 [19] were found to be hosted bygalaxies withR> 29.5
andR> 28.5, respectively. Remarkably, there are still no high-redshift (z> 5) GRB host galaxies
robustly detected in emission [20], consistent with their being sub-L∗ galaxies.

However, more recent results have demonstrated that the host galaxies of dark GRBs are more
chemically evolved and have higher masses [21], complicating the early simple picture of GRB
host galaxies being sub-luminous, low-metallicity, highly star-forming blue galaxies (see also the
contributions by Krühler, Levesque, and Perley to these proceedings).

2. TOUGH

Taking advantage of the launch of theSwiftmission [22], The Optically Unbiased GRB Host
(TOUGH) survey [23] was designed to define a large, carefully selected, homogeneous sample of
69 gamma-ray and X-ray selected galaxies, covering a wide redshift range. The selection criteria
are detailed in [23]. Figure 1 shows the distribution of the peak gamma-ray flux of the TOUGH
sample, suggesting a limit of about 0.3–0.4γ cm−2 s−1, almost an order of magnitude deeper than
the sample of [24].

Our VLT spectroscopic follow-up campaign has led to 15 new redshifts [25, 26]. The redshift
distributions before and after our observations are shown in Figure 2. The redshift distribution is
discussed in more detail in [25] and in the contribution by Jakobsson et al. tothese proceedings.
As part of our spectroscopic observations we also specifically targeted20 galaxies in the redshift
range 1.8–4.5 to study their Lyα emission properties [27]. Seven of these have detections of Lyα
emission and we can therefore exclude an early indication that Lyα emission is ubiquitous among
GRB hosts. However, we confirm that Lyα is stronger in GRB-selected galaxies than in flux-
limited samples of Lyman break galaxies.
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Figure 1: 1-sSwift/BAT peak flux (15–150 keV) for allSwiftGRBs observed during the time span of the
TOUGH survey (bracketed by vertical dashed lines). Empty circles: long bursts without an X-ray afterglow.
Filled circles: long GRBs withSwift/XRT detection. Filled, encircled circles: GRBs obeying all TOUGH
sample selection criteria. Squares: GRBs classified as short (T90< 2 s). Crosses: nontriggered GRBs. There
seems to be a constant and uniform detection level as a function of time. The horizontal line is the limiting
peak flux limit adopted by [24]. From [23].

The survey also consists of deepR- andK-band imaging. A key aspect of TOUGH is that
we have imaged galaxies with no optical afterglows (i.e., localised in the X-raysby XRT to 2′′

precision) as well as those with optical afterglows. The resulting distributionof R-band magnitudes
is shown in Figure 3. Remarkably, the host galaxies of GRBs with no optical afterglows are much
brighter on average than those with an optical afterglow [23].

The colour distribution is shown in Figure 4. The median colours of XRT-onlyGRB host
galaxies detected in theK-band are significantly redder,R−K = 3.7±0.3, than those for which an
optical afterglow was detected,R−K = 2.8±0.1. GRBs without an optical afterglow may suffer
stronger attenuation due to dust which may cause the optical afterglows to escape detection.
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Figure 2: The redshift distribution of the TOUGH sample. In both panels the dashed vertical line indicates
the median redshift.a) Before our survey, 38 redshifts were considered secure with a median redshift of
z= 2.35. b) Our TOUGH spectroscopic observations added 15 new redshifts and demonstrated that three
redshifts reported in the literature are erroneous [25]. Here the median redshift isz= 2.14. From [23].

In order to assess the star-formation rates (SFRs) of GRB hosts, we have also performed radio
observations of TOUGH GRB hosts atz< 1 [29]. We did not detect any TOUGH GRB hosts,
which indicates that their average SFR is below∼ 15 M⊙ yr−1. We also found that at least 65% of
GRB hosts atz< 1 have SFR< 100 M⊙ yr−1 and that at least 92% of them haveAV < 3 mag. The
distribution of SFRs and dust attenuation of GRB hosts atz< 1 are consistent with those of other
star-forming galaxies at similar redshifts (Figure 5).

Papers in preparation will address the luminosity function of GRB host galaxies, the X-ray
absorption properties, metallicities of GRB host galaxies, and the correlationbetween prompt,
afterglow, and host properties. Current and future work will concentrate on increasing the redshift
completeness of the sample, extending the spectral coverage to longer wavelengths (radio, sub-mm,
with Spitzer, Herschel, ALMA and EVLA) and imaging the fainter galaxies withHST. Enlarging
the sample is also being considered. In parallel, detailed studies of TOUGH subsamples are in
progress.

The TOUGH website is at:http://www.dark-cosmology.dk/TOUGH where catalogs
and reduced data are made publicly available.
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Figure 3: Distributions of host galaxyR-band magnitudes. Subsets of galaxies selected with a localisation
from an optical afterglow and a localisation fromSwift/XRT only are shown as hatched and solid histograms
respectively. The corresponding median values are shown asdashed or dotted lines. Adapted from [23].
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Figure 5: Cumulative distribution of SFRs of GRB hosts in thez< 1 TOUGH sample (red area). The
high-SFR boundaries (green solid lines) are constructed using the detections and limits of SFRradio, whereas
the low-SFR boundaries (green dotted lines) are constructed using the SFRUV for galaxies not detected
in the radio. At least 63% (>15/24) of GRB hosts atz. 1 have SFR< 100M⊙ yr−1 and only< 8%
(<2/24) could have SFR> 500M⊙ yr−1. For comparison, the SFR distributions ofz= 0.51 simulated
galaxies (white curve) andz∼ 1 Lyman break galaxies (black curves; the right lines represent dust-corrected
SFRs). These distributions were weighted by SFR (so they reflect the fraction of total star formation in the
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host population, which is likely selected based on SFRs. Thecurrent SFR limits imply that the GRB host
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