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1 INTRODUCTION

ABSTRACT

We present an analysis of the photometry and spectroscopy of the host galaxy of Swift-detected
GRB 080517. From our optical spectroscopy, we identify a redshift of z = 0.089 £ 0.003,
based on strong emission lines, making this a rare example of a very local, low-luminosity,
long gamma-ray burst. The galaxy is detected in the radio with a flux density of
Sisc6H, = 0.22 £ 0.04 mJy — one of relatively few known gamma-ray bursts hosts with a
securely measured radio flux. Both optical emission lines and a strong detection at 22 um
suggest that the host galaxy is forming stars rapidly, with an inferred star formation rate
~16 Mg yr~! and a high dust obscuration (E(B — V) > 1, based on sightlines to the nebular
emission regions). The presence of a companion galaxy within a projected distance of 25 kpc,
and almost identical in redshift, suggests that star formation may have been triggered by
galaxy—galaxy interaction. However, fitting of the remarkably flat spectral energy distribution
from the ultraviolet through to the infrared suggests that an older, 500 Myr post-starburst
stellar population is present along with the ongoing star formation. We conclude that the host
galaxy of GRB 080517 is a valuable addition to the still very small sample of well-studied
local gamma-ray burst hosts.

Key words: gamma-ray burst: individual: 080517 —galaxies: distances and redshifts—
galaxies: star formation — galaxies: structure.

This understanding has improved significantly over recent years.
A number of studies now constrain the stellar properties of typical

Long gamma-ray bursts (GRBs) are intense, relativistically beamed,
bursts of radiation, likely emitted during the collapse of a massive
star at the end of its life (Woosley & Heger 2006). As well as con-
straining the end stages of the evolution for massive stars, they also
mark out star formation in the distant Universe, in galaxies often too
small to observe directly through their stellar emission or molec-
ular gas (e.g. Tanvir et al. 2012). However, extrapolating from the
detection of a single stellar event (the burst) to their wider environ-
ment, and the contribution of their hosts to the volume averaged
cosmic star formation rate (SFR; e.g. Robertson & Ellis 2012) is
challenging. Doing so relies on a good understanding of the stellar
populations and physical conditions that give rise to GRB events.

* E-mail: e.r.stanway @warwick.ac.uk

© 2014 The Authors

GRB hosts (e.g. Savaglio, Glazebrook & LeBorgne 2009; Svensson
et al. 2010; Hjorth et al. 2012), their radio properties (e.g. Stanway,
Davies & Levan 2010; Michatowski et al. 2012; Perley et al. 2014;
Stanway, Levan & Davies 2014a) and behaviour in the far-infrared
(Hunt et al. 2014; Symeonidis et al. 2014). However, these studies
have also demonstrated diversity within the population. GRB host
galaxies range from low-mass, metal-poor galaxies forming stars
at a moderate rate (e.g. Levesque et al. 2010a), to more massive
moderately dusty but not extreme (SMG-like) starbursts such as the
‘dark’ burst population (Perley & Perley 2013; Perley et al. 2013).

The challenge of understanding these sources has been compli-
cated by the high redshifts at which they typically occur. The long
GRB redshift distribution peaks beyond z = 1 (Jakobsson et al.
2012), tracing both the rise in the volume-averaged SFR and the
decrease in typical metallicity — which may favour the formation of

Published by Oxford University Press on behalf of the Royal Astronomical Society
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GRB progenitors (see e.g. Robertson & Ellis 2012, and references
therein); local examples which can be studied in detail are rare. Of
long duration (>2 s) bursts in the official Swift Space Telescope
GRB catalogue table,' only three are listed as having z < 0.1. A
few other (pre-Swift) bursts are also known at low redshifts (e.g.
GRB 980425 at z = 0.009; Galama et al. 1998), but were detected
by instruments with quite different systematics and tend to be un-
usual systems. One of the most recent studies, which exploited
Atacama Large Millimeter Array (ALMA) data, identified the host
of GRB 980425 as a dwarf system with low dust content and sug-
gested that this is typical of GRB hosts as a whole (Michatowski
et al. 2014). However, each low-redshift host investigated in detail
has informed our understanding of the population as a whole and
proven to differ from the others (e.g. Starling et al. 2011; Watson
et al. 2011). Low-redshift bursts include several which are sublu-
minous, such as GRBs 090825 and 031203 (Galama et al. 1998;
Malesani et al. 2004; Soderberg et al. 2004), and others such as
GRBs 060505 and 060614 that were long bursts without associated
supernovae (SNe; Fynbo et al. 2006; Della Valle et al. 2006). Cross-
correlation with local galaxy surveys (at z < 0.037) has suggested
that some low-redshift GRBs in the existing burst catalogues have
yet to be identified as such (Chapman et al. 2007) and hence oppor-
tunities to study their properties in detail have been missed. Given
the very small sample, and the variation within it, it is important
that we continue to follow up the hosts of low-redshift bursts and do
not allow a few examples to skew our perception of the population.

We have acquired new evidence suggesting that a previously
overlooked burst, GRB 080517, and its host galaxy might prove a
valuable addition to the study of local gamma-ray bursts. The Wide-
Field Infrared Survey Explorer (WISE) all-sky survey (Wright et al.
2010), publicly released in 2012, maps the sky at 3-22 pum. While
the observations are relatively shallow and most GRB hosts remain
undetected or confused, we have identified the host of GRB 080517
as anomalous. Not only is an infrared-bright source clearly detected
coincident with the burst location, but it has a sharply rising spec-
trum and is extremely luminous in the 22 um W4 band, suggesting
that it is a rather dusty galaxy, and likely at low redshift.

In this paper, we present new photometry and spectroscopy of the
host of GRB 080517, identifying its redshift as z = 0.09. Compiling
archival data, we consider the spectral energy distribution (SED) of
the host galaxy, and also its larger scale environment, evaluating
the source as a low-redshift example of a dusty GRB host galaxy.
In Section 2, we discuss the initial identification of this GRB and
its properties. In Section 3, we present new data on the host galaxy
of this source. We present our optical photometry and spectroscopy
of the GRB host and a neighbouring companion in Section 3.2
and report a detection of the GRB host at radio frequencies in
Section 3.3. In Section 4, we reassess the initial burst properties
and its early evolution in the light of our new redshift information.
In Section 5, we compile new and archival photometry to secure
an analysis of the SED, and in Section 6 we report constraints on
the host galaxy’s SFR. In Section 7, we discuss the properties of
the host galaxy in the context of other galaxy populations before
presenting our conclusions in Section 8.

Throughout, magnitudes are presented in the AB system (Oke &
Gunn 1983) and fluxes in pJy unless otherwise specified. Where
necessary, we use a standard cosmology with ip =70km s~ Mpc ™',
Qy =03and 2, =0.7.

Uhttp://swift.gsfc.nasa.gov/archive/grb_table/
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2 INITIAL OBSERVATIONS

GRB 080517 triggered the Swift Burst Alert Telescope (BAT) at
21:22:51 UT on 2008 May 17 as a flare with a measured Ty (i.e.
period during which 90 per cent of the burst energy was detected)
of 65 £ 27 s, classifying the event as a long GRB. The X-ray
Telescope (XRT) identified a fading, uncatalogued point source
and the presence of a known optical source was noted within the
X-ray error circle. The final enhanced XRT position, with uncer-
tainty 1.5 arcsec, was 06" 48™ 5803 +50°44'07!7 (J2000), coin-
cident with the optical source (Parsons et al. 2008). The Galactic
longitude and latitude (/ = 165.369, b = 20.301) correspond to a
sightline with moderate dust extinction (Ay = 0.25) from our own
galaxy (Schlafly & Finkbeiner 2011).

Early observations with the Liverpool Telescope (LT), starting
11 min after the BAT trigger, did not detect an optical transient
outside of the known source (Smith et al. 2008) and no further
optical follow-up was undertaken — in part due to the difficult
proximity (within 50°) of the Sun at the time the burst triggered
Swift. Both the lack of an optical afterglow and analysis of the
BAT spectrum suggested that the source might lie at high red-
shifts (Markwardt et al. 2008; Xiao & Schaefer 2011), but con-
straints on the X-ray spectrum precluded a high-redshift fit to the
data (Parsons et al. 2008). Association with the known, bright op-
tical source would suggest a lower redshift for the burst, but it
was not clear whether this was the host galaxy or a star in chance
alignment.

While the afterglow was not detected in the optical, the gamma-
ray and X-ray emission was also relatively weak, with an early-time
flux at 0.3-10 keV of 2.527)22 x 107" erg cm~2 s~', measured in
a 10 s exposure at a mean photon arrival time of 7Ty+133 s (based
on analysis from Evans et al. 2009). In the absence of a redshift
for the host, the time-averaged X-ray analysis also suggested the
presence of an excess neutral hydrogen column density of 3.0774 x
10" cm~2 above the Galactic value of 1.09 x 10?! cm~? (where
these are 90 per cent confidence intervals in analysis from the UK
Swift Science Data Centre; Evans et al. 2009). This represents an
excess in the X-ray inferred hydrogen column at the ~3o level. Swift
observations ended approximately 20 h after the initial trigger.

Initial observations for this source were therefore ambiguous,
with different elements of the data either suggesting a high-redshift
solution (non-detection of the optical transient, BAT spectrum) or
appearing to preclude it (optical source association, X-ray spec-
trum), and the excess extinction seen in the afterglow implying the
presence of dust either in the host galaxy or along the line of sight.
However, the burst’s location, within 50° of the Sun at the time the
burst went off, precluded further early-time studies, and the burst
has largely been ignored since. Swift has not observed this location
at any other time.

Given the presence of a relatively bright, rag = 17.73, catalogued
source within the Swift XRT error circle, an obvious question arises:
what is the probability that this is a chance alignment rather than a
genuine host galaxy identification? Two main factors contribute to
this determination. The surface density of galaxies observable at a
given magnitude will depend both on the properties of the galaxy
population with redshift, and with galactic latitude (which will gov-
ern the fraction of the sky affected by foregrounds and crowding).
To evaluate this, we have studied the galaxy population in regions
of the Sloan Digital Sky Survey Data Release 10 (SDSS DR10; Ahn
et al. 2014) at comparable Galactic latitude (within ~5°) and offset
by 30°-50° in Galactic longitude. The population identified by the
SDSS photometric pipeline as galaxies were selected in 10 regions,
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Figure 1. The surface density of galaxies brighter than a given r'-band
magnitude, at comparable galactic latitude to GRB 080517, based on pho-
tometric classification in the SDSS. The solid line shows the surface density
of all galaxies, with the standard deviation measured across 10 1°-diameter
fields. The dashed line shows the lower surface density of relatively blue
galaxies likely to be star forming. The dotted vertical line indicates the
magnitude of the proposed host of GRB 080517.

E
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Figure 2. The structure of the compact GRB host galaxy (lower left) and
its near-neighbour (upper right) in the Sloan-i band from our WHT imaging.
The neighbour clearly has two cores within a more diffuse galaxy, and
is likely to be undergoing a major merger. Both sources are at the same
redshift (see Section 3.2), the scale bar indicates physical distance at this
redshift. The 1.5 arcsec 90 per cent confidence error circle from the Swift
XRT detection of the burst is indicated in red.

each with a diameter of 1°, and their surface density evaluated as a
function of 7-band magnitude.

As Fig. 1 illustrates, the surface density of galaxies comparable to
the proposed host of GRB 080517 is low, with 0.028 £ 0.006 galax-
ies typically found per square arcminute. Assuming that the SDSS
photometric classification is accurate, the probability of finding a
galaxy of this brightness within 3 arcsec (see Fig. 2) of a given X-
ray location is just 0.007 per cent. Taking into account the 604 long

The host of GRB 080517 3913

bursts with X-ray localizations in the Swift Space Telescope GRB
catalogue table, we would expect 0.04 chance alignments amongst
the entire long GRB population.

A further constraint arises from the nature of the GRB itself.
GRB 080517 was a long burst, believed to be associated with a core
collapse progenitor, and so likely to be associated with recent or
ongoing star formation. If we consider only those galaxies in SDSS
with the flat optical colours associated with ongoing star formation,
ie. |[r —i'| <0.5, the surface density of galaxies drops still further,
tojust 0.021 & 0.006 galaxies per square arc-minute, and a predicted
0.03 chance alignments in the entire GRB sample.

As will be discussed below, the possible host galaxy of
GRB 080517 1is strongly star forming, and lies within 3 arcsec
of the burst location. Thus, we propose its identification as the burst
host.

3 FOLLOW-UP DATA

3.1 WHT imaging

We targeted the host of GRB 080517 on the night of 2014 February
25 (i.e. 6 yr post-burst) using the auxiliary-port camera, ACAM,
on the William Herschel Telescope (WHT). Photometric imaging
was acquired in the Sloan g, r and i bands, with an integration
time of 180 s in each band. Observations were carried out as part
of programme W/2014/9 (PI: Levan) and photometric data were
reduced and calibrated using standard IRAF procedures.

As Fig. 2 demonstrates, the 1.2 arcsec seeing was sufficient to
determine the morphology of both the host galaxy and a near neigh-
bour, separated from it by 16 arcsec. While the GRB host shows a
relatively smooth, relaxed morphology, it is resolved in our imaging
with a measured Gaussian full width at half-maximum (FWHM) of
2.1 arcsec. Deconvolution with the seeing, as measured from un-
resolved sources in the image, yields an estimated intrinsic size of
1.6 arcsec, or 2.7 kpc at z = 0.09 (see next section).

While we are unable to distinguish clumpiness on subkiloparsec
scales, the host galaxy is sufficiently resolved in this new imaging to
place constraints on its radial light profile, although such constraints
are necessarily limited by the relatively large (0.253 arcsec) pixels
relative to the seeing. In Figs 3 and 4, we compare the radially aver-
aged light profile of the galaxy with Sérsic profiles (see Graham &
Driver 2005, for definitions and discussion), which have been con-
volved with the seeing in the image. It is clear that a de Vaucouleurs
law (n = 4), such as describes local giant elliptical galaxies would
predict far too steep a light profile. Allowing the effective radius
and Sérsic parameter to vary simultaneously, the best fit to the data
is found forn = 1.5 & 1.0 and R, = 1.7 &+ 0.8 arcsec.

3.2 WHT spectroscopy

We also obtained spectroscopic data from ACAM on the same night,
using the V400 grating and a total integration time of 4 x 600 s, pro-
ducing a spectrum spanning 4000-9000 A with a spectral resolution
measured from unblended arc lines of ~18 A (~1000km s~'). Both
photometric and spectroscopic data were reduced and calibrated
using standard 1RAF procedures. Absolute flux and wavelength cali-
bration were achieved through observations of a standard star field
and arc lamps immediately preceding the science data.

The slit was oriented at a position angle of 50°, so as to pass
through the centres both of the GRB host and the bright neighbour,
separated from it by 16 arcsec measured along the 1.5 arcsec slit.

MNRAS 446, 3911-3925 (2015)
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Figure 3. The radial surface brightness profile of the GRB host galaxy in the
Sloan-i band from our WHT imaging. Sérsic profiles have been convolved
with the seeing and overplotted for comparison. Given the large error bars —
due to compact morphology relative to the pixel scale and seeing — a range
of Sérsic parameters provide a reasonable fit to the data. Normalizing the
profiles close to the centre suggests a Sérsic index of n ~ 1.0-2.0 may
provide the best description of this galaxy’s light profile. The Gaussian
seeing is shown as a solid line for comparison.
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Figure 4. The allowed regions of parameter space for a Sérsic light profile,
quantified by x2-fitting against the data. Small effective radii (<2 arcsec)
and low Sérsic indices (n ~ 1-2) are favoured by the data, but there are
substantial degeneracies between these parameters. Contours are shown at
1, 2 and 3 o confidence levels.

Both the GRB host galaxy and its neighbour are detected at
high signal to noise in our spectroscopy. The latter clearly shows
two components, A and B. Of these, component A is the stronger
continuum source, while component B appears to show relatively
stronger line emission (see Fig. 5). In Table 1, we provide the rela-
tive emission line strengths of each source (also shown graphically
in Fig. 6). Line equivalent widths are presented in the observed
frame. We make no adjustment for slit losses since it is difficult
to reconstruct precisely where on the object the 1.5 arcsec wide
slit was placed, and harder still to estimate whether line ratios in
the regions of the galaxy outside the slit are comparable to those
in observed regions. The measured redshift for the host galaxy is
z = 0.089 =+ 0.003 and for the neighbour z = 0.091 £ 0.003 (for
both components). The uncertainty, estimated by cross-correlation

MNRAS 446, 3911-3925 (2015)

against a template starburst spectrum, comprises instrumental res-
olution effects, the effects of blending on many of the lines and
uncertainty due to small shifts in velocity offset between different
emission lines.

While we adopt the cross-correlation redshifts and conservative
associated uncertainties for our analysis, we also consider the red-
shift derived from the observed wavelength of individual emission
lines. Fitting Gaussian profiles to the unblended HS and [O III]
and the strong, but somewhat blended He lines, we derive redshifts
z=10.0903 £ 0.0006, 0.0925 £ 0.0006 and 0.0930 £ 0.0003 for the
GRB host and components A and B of the companion, respectively,
where the error now represents the scatter between individual line
centroids on each source rather than including other uncertainties.
These imply velocity offsets of Av = 150 & 155 km s~! (i.e. no
significant offset) between the two components of the companion
and Av = 576 & 155 km s~! between the host and the companion.

This velocity offset places the galaxy pair just outside (although
within one standard deviation of) the criteria used to select galaxy
pairs in the SDSS by Ellison et al. (2008), who placed a cutoff for
their sample at Av = 500 km s~!. Those authors recognize how-
ever that this cutoff requires a trade-off between contamination and
completeness, with genuine pairs observed out to Av ~ 600 km s™!
separations (Patton et al. 2000; Ellison et al. 2008). Ellison et al.
(2008) identified an enhancement in SFR for pairs with projected
separations <3040 kpc, a criterion easily satisfied by the com-
panion in this case (16 arcsec represents ~27 kpc at this redshift),
suggesting that the star formation observed in both host and com-
panion is likely influenced by their proximity.

In Figs 7 and 8, we present the spectral regions in the GRB
host galaxy associated with line ratios used to classify an ionizing
spectrum (see Section 7). At this spectral resolution, Ho is blended
with the [N 1] doublet, and a fit to the three lines must be obtained
simultaneously in order to measure their line strengths. With the
exception of close doublets (i.e. [O u], [S u]), the other lines in
the spectrum are all comparatively unblended, and all lines are
consistent with being essentially unresolved at the instrumental
resolution.

The relative intensity of the nebular emission in hydrogen Balmer
lines allows us to make an estimate of the dust extinction in the
actively star-forming region of the GRB host galaxy. The flux in
Ho is expected to scale relative to HB by a ratio determined by the
temperature and electron density of the emitting region. Standard
assumptions for these parameters in H 11 regions (7= 10 000 K, low
density limit) yields the widely applied expected ratio of 2.87 (see
Osterbrock & Ferland 2006). In Fig. 9, we scale the line fluxes from
the GRB host galaxy accordingly, such that, for Case B reionization,
we would expect each line to have the same relative intensity as
HB. Itis clear that the Balmer series shows a decrement in the later
lines, most likely attributable to dust. Given a Calzetti-like dust law
(Ry = 4.05; Calzetti et al. 2000), the measured Ho/Hp ratio implies
an extinction of flux from the nebular emission region of the GRB
host galaxy of E(B — V) = 1.2.

Of course, uncertainty arises in whether the H 11 region parameters
and extinction law adopted are indeed appropriate for GRB hosts
galaxies. Wiersema (2011) explored a grid of temperatures and
dust extinction laws for fitting the H 1 Balmer series in example
spectra and suggested that in the case of the GRB 060218 host
a higher temperature and steeper extinction law (7' = 15 000 K,
Ry = 4.5) might be appropriate, while the host of GRB 100316D is
best fitted with 7~ 7500 K and Ry = 3.5. The Calzetti dust law lies
between that inferred from these two examples, as does our adopted
temperature. More detailed spectroscopy (with fainter Balmer lines,
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Figure 5. Two dimensional spectrum observed for the GRB host galaxy (at top of the slit) and its neighbour, which divides into two components — A and B.
All three components are strong optical line emitters, detected in multiple lines, at the same redshift to within the instrumental resolution. Spectra are aligned

such that wavelength increases linearly towards the right of the frame.

Table 1. Line strengths measured for the target objects.
All measures are given as observed-frame equivalent
widths in angstrom. Measurement of weak lines is not
attempted in the fainter neighbour, and it is impossible to
isolate the two components in the [O 1] line.

Line Host Neighbour A B

[O m]3726 61.9 +8.0

[O n]3729 31.0£4.0

Hy 6.5+04

Hp 16.8 + 1.0 32+13 22+9
[O m]4959 58+03 4.1+1.7 27 £ 11
[Om]5007  17.14+1.0 124 +5.0 77 £32
He 15875 28 +0.1

[0 1]6300 6.1+0.2

[N m]6548 103 +0.2 1.6 £0.1 4.1+£04
Ha 103.1 +2.4 31.8£ 1.5 116 £ 12
[N 1]6583 31.5+£0.7 49+02 125£12
[Su]6716 13.34+05

[S 1]6730 13.0+0.5

and ideally also the He 11 recombination series) would be required
to reach a tighter constraint.

We also obtain a tentative spectroscopic redshift for an unrelated
galaxy falling on the long slit. The galaxy, located at RA and Dec.
06148m595756 +50°44'23750 (J2000), lies at z = 0.56, based on
identification of an emission feature as the [O 1] 3727 A doublet.

3.3 Radio observations

The low redshift confirmed for this GRB host makes it an ideal
candidate for radio observation. The majority of radio observations
of GRB hosts to date have resulted in non-detections, implying
SFRs that do not significantly exceed their UV-optical estimates
(e.g. Stanway et al. 2010, 2014a; Michatowski et al. 2012). How-
ever, some fraction of GRB hosts appear to be luminous in the
submillimetre-radio (Berger et al. 2003; Tanvir et al. 2004), partic-
ularly amongst those that show evidence for strong dust extinction
(i.e. dark bursts; Perley & Perley 2013; Perley et al. 2014).

Radio observations of the GRB 080517 host galaxy were per-
formed with the Westerbork Synthesis Radio Telescope (WSRT)
at 4.8 GHz on 2014 May 2 and 3 UT, i.e. almost 6 yr after the
gamma-ray trigger. We used the Multi Frequency Front Ends (Tan
1991) in combination with the IVC4+DZB back end in continuum
mode, with a bandwidth of 8 x20 MHz. Gain and phase calibrations

were performed with the calibrator 3C 147. The data were analysed
using the Multichannel Image Reconstruction Image Analysis and
Display (Mir1AD; Sault, Teuben & Wright 1995) package.

Both observations resulted in a detection of a source at the po-
sition of GRB 080517, with consistent flux densities. We have
measured the flux density in an image of the combined data
set as Sgggu, = 0.22 £ 0.04 mlJy. The detection is consistent
with a point source, in observations with a synthesized beam of
14.2 arcsec x 5.3 arcsec as shown in Fig. 10. No significant detec-
tion is made of the neighbour galaxy — somewhat surprisingly given
its high inferred SFR (based on Ho emission, see Section 7).

4 REASSESSING GRB 080517

Given the identification of a redshift for the host galaxy of
GRB 080517, we are able to reassess the properties of the burst
and its immediate afterglow in the context of an accurate distance
(and thus luminosity) measurement, allowing for more meaningful
comparison with the rest of the GRB population.

4.1 Burst properties

Atz =0.09, the inferred isotropic equivalent energy of GRB 080517
is only Ej,, = (1.03 & 0.21) x 10* erg, while its 10 h X-ray lu-
minosity is Lx ~ 10** erg s!. Both of these values lie orders
of magnitude below the expectations for most GRBs, which have
characteristic values of Ej;, ~ 10°>-* erg (Kocevski & Butler 2008;
Cenko et al. 2009) and Lx ~ 107 erg s~! (Nousek et al. 2006).
These properties mark GRB 080517 as a member of the observa-
tionally rare population of low-luminosity GRBs (LLGRBs). Only
a handful of such low-luminosity events have been identified in the
past decade, all of which have been relatively local (given the dif-
ficulty in observing low-luminosity bursts beyond z ~ 0.1). These
include the well-studied GRB-SN pairs GRB 980425/SN 1998bw
(Galama et al. 1998), GRB 031203/SN 2003lw (Malesani et al.
2004; Soderberg et al. 2004), GRB 060218/SN 2006aj (Pian et al.
2006) and GRB 100316D/SN 2010bh (Starling et al. 2011; Cano
et al. 2011), and the enigmatic GRBs 060505 and 060614, where
associated SNe have been ruled out to deep limits, and whose ori-
gin remains mysterious (Della Valle et al. 2006; Fynbo et al. 2006).
They may be low-luminosity events akin to those above, but where
the SN is absent (e.g. Gal-Yam et al. 2006), or they could be GRBs
with a similar physical origin to the short-GRBs (most likely NS-NS
mergers based on recent observations; Gehrels et al. 2006; Tanvir
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Figure 6. The optical spectra of both the GRB host galaxy (upper plot) and its neighbour (lower). Both sources show strong line emission, well-detected
continuum flux, and some evidence for a 4000 A break. Wavelengths corresponding to [S ], [N 1], He, O 1, He 1, [O m], HB and [O 1] are indicated. Regions
with relatively high noise caused by sky emission line subtraction residuals are indicated by shaded boxes.
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Figure7. The spectral region containing He and the [N 11] doublet. All three
lines are consistent with the being unresolved at the instrumental FWHM.
The relative strength of the doublet lines is consistent with that predicted
from the electron transition probabilities.

et al. 2013), in which case their luminosities would be more typical
of their population. GRB 080517 adds a further example to these
local, low-luminosity events. Its highly star-forming host galaxy (as
discussed later) is perhaps most in keeping with the expectations of
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Figure 8. The spectral region containing HB and the [O 1] doublet.

long-GRBs, although its high stellar mass and metallicity would be
unusual at such low redshift (Graham & Fruchter 2013).

The prompt emission from GRB 080517, as reported by the
Swift/BAT instrument, shows a single ‘fast rise, exponential decay’
(Fishman 1995) light curve, albeit at low signal to noise. In this
respect, its profile is similar to that of low-luminosity GRBs 031203
and 980425 (Kaneko et al. 2007), although the profile is not unusual
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Figure 9. A comparison of the Balmer series emission lines in the GRB host
galaxy, scaled by the appropriate line ratios for Case B H 1 recombination
(T = 10* K, low density; Osterbrock & Ferland 2006), such that in the
absence of dust, all peaks would be expected to match HB in intensity. The
line intensities are offset from zero for clarity. Even accounting for blending
with the [N 1] doublet, He still shows a relative excess, consistent with the
bluewards lines being attenuated by a dusty line of sight.

Tl 5 arcsec

Figure 10. The 4.8 GHz radio flux measured at the WSRT (contours),
overlaying the compact GRB host galaxy (lower left) and its near-neighbour
(upper right) in the Sloan-r band (grey-scale). The contours indicate levels
of zero flux (dotted) and +2, 3, 4 and 5 o. There are no signals below —2o
in this region. The burst location is indicated with a cross.

amongst GRBs more generally (Fenimore, Madras & Nayakshin
1996).

Interestingly, within the low-luminosity population there appears
to be a good deal of internal diversity. The Swift-identified low-
luminosity events to date — GRB 060218 (Campana et al. 2006) and
GRB 100316D (Starling et al. 2011) — appear to be of extremely long
duration (2000 s in the case of GRB 060218) with extremely smooth
light curves. They are also very soft events in which the X-ray
emission exceeds that in the gamma-ray (so-called X-ray Flashes).

The host of GRB 080517 3917
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Figure 11. The location of GRB 080517 on the E,—Ejs, (Amati) relation,
given its redshift of z = 0.09. Black points indicate long GRBs, while those
in grey are the short GRB population. GRB 080517 and previously identified
low-luminosity bursts are labelled. The burst lies in an unusual region of
parameter space, well below the commonly seen relation for GRBs, placing
it in the class of low-redshift, low-luminosity bursts.

In contrast, the pre-Swift events (GRB 980425 and GRB 031203)
appear to be much closer in prompt properties to classical GRBs,
exhibiting shorter durations (tens of seconds) and relatively hard
gamma-ray spectra. Although there has been some suggestions that
GRB 031203 was a softer X-ray event, integrated over longer time
periods, this is based on inferences from its X-ray echo (Vaughan
et al. 2004), and favour a soft component arising after the initial
burst (Watson et al. 2004). In retrospect this is most likely an X-
ray flare, as are commonly seen in Swift X-ray afterglows (Nousek
etal. 2006; Watson et al. 2006). Hence, we consider the £}, measured
via INTEGRAL as likely indicative of the true burst E, (Sazonov,
Lutovinov & Sunyaev 2004). In this case, both GRB 980425 and
GRB 031203 lie well away from the correlation between the peak
of the vF, spectrum (E,) and Ejs, (Amati et al. 2002; Amati 2006).

GRB 080517 appears to have much more in common with these
pre-Swift events, with a To9 = 65 + 27 s and a hard photon in-
dex of I' ~ 1.5. While E, is difficult to directly constrain with
the limited BAT bandpass, the Bayesian method of Butler & Ko-
cevski (2007) suggests that E, > 55 keV, making GRB 080517
a significant outlier in the E,—Ej, relation, with a similar loca-
tion to GRB 980425 and GRB 031203 (see Fig. 11). Its recov-
ery, some 6 yr after the initial detection implies that other, sim-
ilar, low-luminosity events may be present within the Swift cata-
logue, since a significant number of bursts have not been followed
in depth due to observational constraints. However, GRB 080517
was unusual in having a bright catalogued source within its er-
ror box — a relatively rare occurrence. In this context, it should
be noted that the host of GRB 080517 is relatively luminous
for a GRB host. By contrast, the hosts of GRB 980425 and
GRB 060218 would have had observed magnitudes of r &~ 20 and
r =~ 225 at z = 0.1 and so would not be readily catalogued in
the Digitized Sky Survey (DSS) and similar survey observations,
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Figure 12. Early-time optical and ultraviolet photometry from Swift/UVOT.
The flux density in the B and U band and the three ultraviolet wavebands
shows little evidence of variation. There is a hint of declining flux in the
V band, but given the large photometric errors in this band, any decline is
difficult to constrain with any accuracy.

suggesting that the presence of a catalogued source is not necessar-
ily a good indicator of event frequency.

4.2 Afterglow reanalysis

Making use of data analysis tools available from the UK Swift Data
Centre,” specifying the burst redshift as matching that determined
for the host, we have reanalysed the Swift XRT afterglow spectrum
and early time series data.

Allowing for absorption at the host redshift only slightly modifies
the hydrogen column density required to fit the burst X-ray spec-
trum observed by Swift. The effect on the late-time spectrum (mean
photon arrival time = T;+25 863, where T is the Swift trigger
time) is negligible, not modifying the required intrinsic absorp-
tion from the Ny = 672 x 10>! cm~2 in excess of the estimated
Galactic absorption estimated with the absorber at z = 0 (where
the errors on Ny from Swift are 90 per cent confidence rather than
1o intervals). The early-time PC-mode data, with a mean photon
arrival of Ty+9559 s, yields a lower (but consistent) estimated in-
trinsic absorption (N = 3.472¢ x 10%' cm~2), and a photon index
of 1.9 £0.4.

Optical/ultraviolet imaging was also obtained by the Swift/UVOT
instrument, from first acquiring the field to the end of observations at
To+19 h. Data were observed in six bands (V, B, U, UVW1, UVM2
and UVW?2), and photometric imaging was obtained in each band
at intervals throughout this early period. As Fig. 12 demonstrates,
these is little evidence of temporal variation in five of the six bands.
Each is consistent with a constant flux. There is a hint of declining
flux in the last observations taken in the reddest, V, band but the
substantial uncertainties on this data preclude a firm identification
of afterglow flux. No other band shows a comparable decline during
the observation interval.

InFig. 13, we compare this early-time UVOT data, now integrated
across the 19 h observation assuming no temporal variation, with
the late-time host galaxy data described in Sections 3.1 and 5. While
observations in U and B are not available at late times, the measured

Zhttp://www.swift.ac.uk (Evans et al. 2009)
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Figure 13. Comparison of averaged early-time optical and ultraviolet pho-
tometry from Swift/UVOT (red, crosses), with the late-time observations of
the host from other sources (see Section 5). The UVOT observations are
averaged from Tp+0 to Tp+19 h. The late-time observations are taken at
several years post-burst. None the less, the UVOT observations are consis-
tent (within the photometric errors) with the host galaxy data, suggesting
that any afterglow was below the UVOT detection limit.

flux in the early-time integrated V band and near-ultraviolet (NUV)
bands are consistent with that in late-time observations of the host
galaxy. With the exception of possible variation the V-band data, no
afterglow is detected within the photometric errors, suggesting that
any optical SN was at or below the UVOT detection limit. Taking the
1o upper limit on the early-time photometry, and subtracting off the
late-time galaxy flux (see below), we constrain the optical afterglow
to Fy <2 x 1077 erg s~ A" at Ty+4000 s, measured at 5500 A.
The Swift detected X-ray flux at the same epoch (Ty~ 5227137} s),
was (3.1 £ 0.8) x 1071 erg s~! cm™? in the 0.3-10 keV band.
Comparing these yields a limit on X-ray to optical ratio, Sox < 1.0.

Finally, we have reexamined the early-time data from the LT ob-
servations. Smith et al (2008, GCN 7743) reported limits for non-
detection of an optical transient, based on the assumption that it was
not coincident with the known source. LT observations commenced
at 21:34:05 UT, 674 s after the burst trigger. The data comprised
imaging of the field in SDSS-r, i’ and 7’ bands, with 120 s individ-
ual exposures, the last of which ended at Ty+2290 s. We confirm
that there is no evidence for an early-time excess due to afterglow
flux in this source, either in subtractions against our late-time WHT
imaging or in pairwise subtraction of early-time exposures. These
data provide a relatively weak constraint, but at an early time, en-
abling us to limit the flux at Ty+900 s to F;, <2 x 100 ergs™' A
at 7500 A. Comparing to the Swift-detected X-ray flux at the same
epoch, we determine an identical limit to that from the Swift optical
data alone — Box < 1.0.

These limits are formally too weak to satisfy the Sox criterion
that is applied to select dark bursts (Jakobsson et al. 2004; van
der Horst et al. 2009). Thus, the non-detection of the afterglow is
consistent with either ‘dark’ or ‘normal’ interpretation. However,
we note that this burst shows the high column and red, dusty host
more common amongst the dark population (e.g. Perley et al. 2013;
Hunt et al. 2014).

Additional V-band time series data for this target exists in the
second data release of the Catalina Real-time Transient Survey
(CRTS; Drake et al. 2009). Both the GRB host and neighbour are
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Figure 14. Optical time series data from the CRTS for the host galaxy
of GRB 0801517. There is no evidence for strong variability in the host
galaxy, allowing the time series data to be combined to determine a precise
magnitude for the object. In the lower-left panel, we consider the data closest
to the burst data (MJD = 54603) in detail, averaging the data points on each
night on which the host was observed. While the first three data points lie
above the mean measured magnitude, they are within one standard deviation
of the time series mean (shown with shaded region).

well detected. Unfortunately, the burst itself occurred during a hia-
tus in CRTS observing, with no data available until 140 d after the
GRB trigger (likely due to Sun avoidance). However, as Fig. 14
demonstrates, the time series data of the GRB host shows no strong
evidence for variability (although a few photometric points are out-
liers), and allows a precise measurement of the optical magnitude
of the host galaxy, Vg = 17.60 = 0.08. We also investigate the late-
time optical afterglow, and find no statistically significant evidence
for an excess over the host galaxy flux at 74160 d.

5 THE SPECTRAL ENERGY DISTRIBUTION

Our WHT optical imaging in the SDSS g, r, and i bands (described
in Section 3.1) is supplemented by extensive archival data on these
relatively bright sources.

In addition to the V-band data from the CRTS described in Sec-
tion 4.2, we compile archival data in the ultraviolet from the GALEX
(GR6; Martin et al. 2003) survey and in the near-infrared from the
Two Micron All-Sky Survey (2MASS; Skrutskie et al. 2006) as
well as the WISE (Wright et al. 2010). Both the GRB host and its
merging neighbour are detected in the majority of bands from the
NUV (0.15 pm) through to the mid-infrared (W4, 22 um). While
flux from the neighbour is clearly dominated by two principle com-
ponents in our WHT imaging, these are blended in the remaining
data, and we do not attempt to gauge the relative contribution of the
two components. Photometry was measured on the images at the
source locations, and checked against catalogue magnitudes where
these were available.

For the W3 and W4 bands (at 12 and 22 pm) where the host and
its neighbour are blended in the imaging data, we use magnitudes
derived from the ‘ALLWISE’ catalogue values (corrected to AB
magnitudes) rather than attempting an independent deblending of
the two sources. As noted in the Introduction, it is the exceptional
brightness of this target in the W3 and W4 bands that initially moti-
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Table 2. Observed photometry measured from broad-band observa-
tions of the GRB host and its neighbouring galaxy. All magnitudes
are given in the AB system. Note that the neighbouring galaxy is
undetected in the 2MASS H band and barely detected in Ks. Radio
fluxes are described in Section 3.3. In the 12 and 22 pum bands, we
make use of WISE catalogue data rather than attempting to deblend
the two sources independently.

Band Acen/A Source GRB host Neighbour
FUV 1540 GALEX 20.84 + 0.20 20.92 +0.22
NUV 2316 GALEX 20.42 +0.11 20.74 £ 0.16
g 4660 This work 18.03 £ 0.05 18.42 + 0.06
Vv 5500 CRTS 17.60 + 0.09 18.14 £ 0.12
r 6140 This work 17.73 £ 0.02 18.18 + 0.05
i 7565 This work 17.46 + 0.01 18.22 +0.02
J 12400 2MASS 17.37 £ 0.13 17.91 £ 0.21
H 16600 2MASS 17.22 £ 0.15 19.56 + 0.95
Ks 21600 2MASS 17.50 + 0.20 17.91 £ 0.26
|41 33500 WISE 17.33 £ 0.04 18.49 + 0.05
w2 46000 WISE 17.57 + 0.05 19.05 £ 0.12
w3 120000  WISE 15.09 + 0.05 17.12 £ 0.32
w4 220000  WISE 13.68 £ 0.11 14.78 + 0.23
Radio 6cm WSRT 0.22 £ 0.04 mly

vated the follow-up observations described here. While the sources
are blended in the W4 band, the light distribution of the host galaxy
is distorted, such that it is likely that both the GRB host galaxy and
its near neighbour are luminous at 22 pm.

The multiwavelength photometry of both the GRB host and its
neighbour are given in Table 2 and Fig. 15 presents snapshots of the
host and neighbour in imaging across the full wavelength range. At
z = 0.09, the g-band absolute magnitude is M, = —20.12 & 0.05
(comparable to that of the Milky Way).

We fit the SED of the host galaxy using a template fitting ap-
proach, minimizing the x2 parameter to determine the best-fitting
age, mass, star formation history and dust extinction. While we
could constrain the dust parameter using the extinction derived
from the hydrogen Balmer lines, we allow it to vary, recognizing
that regions contributing to the continuum flux at long wavelengths
and those contibuting nebular emission flux in the optical may well
differ in their extinction properties.

We use as templates the Binary Population and Spectral Syn-
thesis (Bpass) stellar population models of Eldridge & Stanway
(2009, 2012) which include a prescription for the nebular emis-
sion excited by the stellar continuum. The BPASs models consider
the instantaneous-burst and constant SFR cases. In both cases, we
modify the templates using the Calzetti et al. (2000) dust extinction
law. This was derived for local infrared-luminous galaxies with ac-
tive star formation, and would appear appropriate in this case, given
the bright infrared fluxes measured.

The photometry shows a challenging combination of a very flat
optical spectrum (which implies little extinction and potentially
even a non-stellar continuum) and evidence for strong dust emis-
sion in the infrared (see Fig. 16). The Bprass population synthesis
models include a treatment of stellar evolution pathways through
binary evolution. For young stellar populations, this treatment re-
sults in a relatively blue UV-optical continuum at a given age (and
hence larger energy budget for heating dust) compared to models
which neglect such pathways. To model the re-emission of ther-
mal photons at longer wavelengths, we adopt the energy-balance
prescription of da Cunha, Charlot & Elbaz (2008), and re-emit the
energy lost from the UV-optical as a combination of blackbody
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Figure 15. Snapshot images of the host-neighbour system from the ultraviolet through to the infrared. Boxes are 50 arcsec on a side, centred on the GRB host,
and oriented with north up and east to the left. Note the exceptionally red colours of both sources, but particularly the GRB host, in the WISE (infrared) bands.
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Figure 16. The best-fitting model templates to the host galaxy photometry.
The pale cyan line indicates the best-fitting single template: a mature system
observed 0.5 Gyr after an initial starburst. In red, we show the best fit derived
when a component of ongoing star formation (at age 1 Myr, contributing
just 0.1 per cent of the stellar mass) is allowed in addition to the dominant
model.

and PAH emission components. For the latter, we scale the com-
posite mid-infrared spectrum determined for star-forming galaxies
by Smith et al. (2007). The W3 and W4 bands were excluded from
the fitting procedure, in order to assess whether the observed UV-
optical continuum were able to correctly predict the mid-infrared
flux, or whether an additional, heavily dust-extincted component
was required.

The best-fitting single SED model to the host photometry is not
one dominated by nebular emission or continuous star formation,
but rather a post-starburst template, observed 500 Myr after the
initial starburst, as shown in Fig. 16. The derived stellar mass
is logio(M./M@) = 9.58701%, and a relatively low extinction of
Ay = 0.16 £ 0.02 is required for the dominant stellar compo-
nent. This model reproduces the GRB host galaxy’s ultraviolet and
infrared continua, while underestimating its optical flux by ~25—
50 per cent. We note that fitting instead with the (Maraston 2005)
stellar population synthesis models returns similar parameters, al-
beit with a relativity poor fit to the data. The mass, low extinction
and age of the dominant stellar component imply that, for z = 0.09,
the GRB host represents a relatively young, slightly sub-L* galaxy.

As Section 3.2 demonstrated, there is a substantial contribution
to the optical from line emission, which may account for some part
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of this discrepancy. In the r-band in particular, line emission likely
contributes a minimum of 12 per cent of the broad-band flux. To
address this, we also allow an additional component of continuous
ongoing star formation with moderate dust extinction (as seen in
the Balmer series), while cautioning that this may be overfitting the
limited data. We find that the star-forming component required for
the best-fitting combination contributes a mere 0.1 per cent of the
stellar mass of the system. Including such a component improves
the fit in the optical and at 12 and 22 pm, but causes the flux in
the K; band and 4.6 um W2 band to be somewhat overestimated
(again, by a factor of ~50percent). Since the latter lies at the
transition between the stellar and dust components of the template,
it is possible that this transition is not correctly addressed in the
modelling, and potentially that a steeper spectral index is required
in the infrared PAH emission region than is seen in the IR-luminous
galaxy composite used (Smith et al. 2007).

Explanations for the comparatively low flux measured in the
2MASS K; band, and the non-detection of the neighbour in the H
band (see Fig. 15), are less clear. It is likely that deeper near-infrared
photometry is required to address this issue. We note that the stellar
population templates fail to entirely reproduce the high fluxes seen
in the 22 um W4 band, implying that at least some fraction of the
stellar emission in this system is heavily extincted and undetectable
in the UV-optical. Further observations at millimetre/submillimetre
wavelengths will also be required to properly constrain this emission
region.

6 STAR FORMATION IN THE HOST OF
GRB 080517

The host of GRB 080517 is an actively star-forming galaxy at
z=0.09. The evidence for ongoing star formation is overwhelming,
based on the presence of (i) strong Ho (and other Balmer) emission
lines, (i) GALEX FUV and NUV flux, (iii) 22 wm emission and
(iv) a 4.8 GHz radio detection, not to mention the initial selection
through detection of a core-collapse gamma-ray burst.

In Table 3, we compare the SFRs derived from these different
proxies. In all cases, the SFR conversion used is subject to sig-
nificant systematic uncertainty, but those at 0-22 pm are derived
primarily for young (<100 Myr) stellar populations with contin-
uous star formation, while that for the radio continuum is based
primarily on resolved measurements of nearby star-forming galax-
ies. No attempt is made to correct for dust extinction, which may
well be affecting different indicators differently, and so these values
are effectively lower limits on the total SFR.
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Table 3. SFRs derived from different proxies observed for the
host of GRB 080517. In the radio, we apply the conversion factor
derived at 1.4 GHz, assuming a radio spectral slope of 0.75.

Proxy SFR/M¢y yr~! Conversion factor
NUYV continuum 0.43 £ 0.07 Hao et al. (2011)
Ho line emission 155 + 04 Hao et al. (2011)
22 pm continuum 165 £ 1.5 Lee et al. (2013)

4.8 GHz continuum 7.6 £ 1.4 Murphy et al. (2011)

Unsurprisingly, the NUV continuum (which is most affected
by the presence of dust extinction) gives the lowest estimate of
0.43 £ 0.07 Mg yr~!. In the Calzetti et al. (2000) extinction
paradigm, the continuum is subject to 0.44 times the extinction
in the nebular component, or E(B — V) = 0.53. This corresponds
to a measured 2300 A flux only 2percent of its intrinsic value.
In fact, the emission in the GALEX band appears to be associated
with the mature stellar population (see Section 5) rather than the
heavily-extincted star-forming component.

The SFRs derived from the optical Ha emission line and the
22 um continuum (measured in the W4 band) are consistent at the 1o
level, each estimating rates around 16 M yr™'. Interestingly, this
may suggest that the 1.5 arcsec wide slit used for spectroscopy may
have captured the majority of the flux from active star formation in
the GRB host galaxy, despite its relatively large (~2 arcsec FWHM)
light distribution.

Curiously, the final SFR indicator, that derived from the ra-
dio continuum at 4.5 GHz produces a relatively low estimate at
7.6 £ 14 Mg yr~!, only about half that determined from the
previous two measures, using the conversion rate determined by
Murphy et al. (2011), and extrapolating to 1.4 GHz using a radio
spectral slope o = 0.75. An alternate conversion factor (Yun &
Carilli 2002) yields a similar but still lower estimate (4 M yrh).

The synthesized beam of the WSRT at 4.8 GHz is insufficient to
have resolved out a significant fraction of the flux in this source,
and the flux density is measured at better than 5S¢, making it likely
that this is a genuine decrement. Gigahertz frequency radio con-
tinuum in star-forming galaxies arises primarily from non-thermal
synchrotron emission, generated by the electrons accelerated by
SNe and their remnants. This introduces a time delay between the
onset of star formation and the establishment of a radio continuum,
the length of which will depend on the mass distribution, metallic-
ity and other properties of the stellar population. As a result, the
radio continuum flux density associated with ongoing star forma-
tion rises rapidly with age of the star-forming population before
stabilizing at >100 Myr (Bressan, Silva & Granato 2002). If, then,
the young 1 Myr starburst suggested by the Brass models presents
a true picture of the ongoing star formation in this source, it is pos-
sible that a strong radio continuum has yet to become established
and a radio flux — SFR conversion factor up to an order of mag-
nitude higher might be appropriate. Future observations at further
radio/submillimetre frequencies, and a measurement of the radio
spectral slope, may help to constrain the effect of star formation
history on this estimate.

7 THE HOST AND ENVIRONMENT OF
GRB 080517

The host of GRB 080517 appears to be a compact, smooth galaxy in
the local Universe. Given its UV-optical photometry, there would be
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Figure 17. The X-ray afterglow properties of GRB 080517 compared to
those of ‘dark’ bursts as given by Perley et al. (2013). GRB 080517 (bold,
red symbol) has an afterglow spectral index, and shows an excess neutral
hydrogen column density above that in our own Galaxy, which is consistent
with those of the dark GRB population, and follows the same correlation.

little reason to expect significant ongoing star formation. None the
less, as the previous section describes, there is substantial evidence
for an ongoing, young and fairly dusty (based on Ha/Hp) starburst,
which likely dominates emission at >10 pm.

In this context, the presence of a near neighbour (separated by
only ~25 kpc at z = 0.09) is intriguing. The two galaxies have
comparable masses (the neighbour is just ~0.5 mag fainter than the
GRB host and similar in colour), and any interaction between them
will constitute a major incident in the history of both galaxies. The
gravitational forces caused by a near fly-by in the recent past could
well have been sufficient to trigger the starburst detected in both
sources — a starburst somewhat obscured by dust. It is also notable
that the cores of both galaxies (including both components of the
neighbour) and the GRB X-ray error circle lie along a common axis.
Further modelling of the dynamics of this system, supported by
integral field spectroscopy, and a search for low surface-brightness
distortions in the morphology of both galaxies, will be necessary to
confirm this picture, but the existing evidence is suggestive.

Long-duration GRBs are typically associated with the peak light
in their host galaxies, and with recent star formation (e.g Svensson
et al. 2010). However, the broad-band continuum emission of the
host of GRB 080517 is dominated by a much older stellar popula-
tion. If, then, we hypothesize that the GRB is associated with the
recent episode of star formation in this system, we are left with
the conclusion that it occurred in a dusty region (E(B — V) = 1.2)
undergoing an intense starburst (SFR ~16 M yr~'). Such dust
extinction is consistent with the excess neutral hydrogen column
inferred from the X-ray afterglow, and potentially with the failure
of early-time optical observations to identify an optical transient
distinguishable from the host galaxy.

As we have already discussed, it is impossible to determine
whether GRB 080517 would indeed have met the ‘dark’ burst cri-
terion if deeper observations were available. It is however possible
to consider whether its host lies in a similar region of parameter
space to known dark bursts. Perley et al. (2013) recently presented
a systematic analysis of the dark GRB host galaxy population,
examining both their afterglow properties and those derived from
fitting of the host galaxy SED. As Figs 17 and 18 demonstrate, the
inferred characteristics of the host of GRB 080517 lie comfortably
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Figure 18. The host mass of GRB 080517, and SFR inferred from Hu line
emission, compared to those of ‘dark’ bursts as given by Perley et al. (2013).
GRB 080517 (bold, red symbol) has an inferred stellar mass (based on SED
fitting) comparable to those of the dark burst population, and follows the
same mass-SFR trend.
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Figure 19. The emission line strengths of the GRB host galaxy and its
neighbour (components A and B) placed on the classic BPT diagram. All
three sources lie above the locus of star-forming galaxies measured in the
SDSS, although the neighbour remains consistent with a star-forming origin.
The dashed lines indicate the classification criteria of Kauffmann et al.
(2003). The region between the dashed lines is described as a ‘composite’
region and may indicate contributions from both star formation and AGN
activity. The background density plot shows the distribution of galaxies in
the SDSS (Brinchmann et al. 2004). Interestingly, the GRB host lies in the
‘composite’ region of the parameter space, suggesting that it may have an
AGN component in addition to ongoing star formation.

within the distribution of ‘dark’ burst hosts in terms of afterglow
spectral index, hydrogen column density, stellar mass and inferred
SFR, although the last is higher than those in dark bursts at z < 0.5,
and more akin to those observed at higher redshifts (Perley et al.
2013).

Whether or not GRB 080517 is indeed a local example of a ‘dark’
host, one advantage it offers is the opportunity to study its optical
spectrum in a detail challenging for higher redshift GRB hosts of
either dark or normal types.

In Figs 19 and 20, we compare its optical emission line ratios to
those of local emission line galaxies from the SDSS (Brinchmann
et al. 2004). The GRB host has line ratios consistent with a solar or
slightly supersolar metallicity, and is within the range of scatter of
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Figure 20. Metallicity-sensitive optical line ratios for the GRB host galaxy.
The well-known R»3 index is plotted against the ratio of oxygen lines in order
to break the degeneracy in metallicity in the former. The majority of SDSS
sources (grey-scale) are relatively local and high in metallicity (Brinchmann
etal. 2004). The solid line shows the metallicity parametrization of Maiolino
et al. (2008). The GRB host galaxy lies well above the typical SDSS galaxy
in R»3 but within the distribution of local sources. We note that the effects
of correcting for differential dust extinction on the lines is to move it further
from the SDSS relation. Its measured line ratios are consistent with a slightly
supersolar metallicity.

the SDSS sample, although well above the relationship between the
R»3 and [O m)/[O 1] at a given metallicity determined by Maiolino
et al. (2008). This is consistent with the results from the less metal-
sensitive SED fitting procedure described in Section 5, in which 0.5—
1.0 solar metallicity templates were narrowly preferred over those
with significantly lower metal enrichment. While far from unique
(e.g. Kriihler et al. 2012; Savaglio et al. 2012), this places the host of
GRB 080517 towards the upper end of the metallicity distribution
for GRB hosts. Interestingly, at least two other high-metallicity
bursts, GRB 020819 (Levesque et al. 2010b) and GRB 080607
(Prochaska et al. 2009), are dark bursts.

The BPT diagram (Baldwin, Phillips & Terlevich 1981) is an
established indicator of starburst versus AGN character, since the
different ionization parameters arising from the two classes have a
strong effect on optical emission line ratios and particularly the ratio
of [N 1] to Ha. As Fig. 19 demonstrates, the two components of
the neighbouring source are broadly consistent with a star formation
driven spectrum, although both lie above the local mean in [O m]/HB
(a trait also often seen in high-redshift star-forming galaxies; e.g.
Masters et al. 2014; Stanway et al. 2014b). While component A
has measured line ratios consistent with a ‘composite’ spectrum,
large errors on the measured values permit a purely star-forming
spectrum.

The line ratios of the GRB host galaxy are intriguing, placing it
too in the region of the parameter space usually described as ‘com-
posite’, suggesting that there might plausibly be a contribution to
the ionizing spectrum from an AGN. If so, this would be a surprise,
since gamma-ray bursts have not previously been associated with
active galaxies, but may help to explain the excess flux seen in
the 22 pm band where a hot AGN would be expected to make a
contribution to PAH emission.

Unfortunately, Swift did not track the burst beyond 20 h
after the trigger, at which point the X-ray afterglow was still fad-
ing. However, the measured flux at this late epoch provides a
firm upper limit on possible X-ray flux from the host galaxy of
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43738 x 107'* erg cm? s~ in the Swift XRT 0.3-10 keV band.
The luminosity of any hypothetical AGN at z = 0.09 is therefore
constrained to an Ly < 8.6 x 10* erg s~!, placing it at the very
low end of the AGN luminosity distribution (e.g. Silverman et al.
2008; Brusa et al. 2010). As noted in Section 4.2, there is also little
evidence for any optical variability in the host galaxy, either before
or after the gamma-ray burst, as might be expected of a galaxy with
a strong AGN contribution.

While the centre of the host galaxy lies outside the 90 per cent
confidence interval on the X-ray location of the GRB (based on the
refined XRT analysis), the two locations are consistent at the 2o
uncertainty level. It is therefore not impossible that the gamma-ray
burst resulted from activity in the galactic nucleus.

A rare class of gamma-ray flares are known to result from a
sudden accretion event due to the tidal disruption of stars around
supermassive black holes (Bloom et al. 2011; Cenko et al. 2012,
Brown et al. submitted). The burst of accretion in such sources
launches a relativistic jet, and would result in a short-lived burst
of AGN activity from otherwise quiescent galactic nuclei. In this
context, the plausible association of GRB 080517 with a very low
luminosity AGN at ~6 yr post burst merits further investigation and
monitoring of this system.

Further observations will be required to place firmer constraints
on the presence or absence of an AGN at late times and any late-
time variability. We note that if there is no AGN contribution, then
the optical emission line ratios in the host imply star formation with
a steep ultraviolet spectrum, causing a higher ionization parameter
than is typical at low redshifts, and perhaps strengthening the sug-
gestion that this is a very young, intense starburst (as suggested by
the Brass stellar population models).

8 CONCLUSIONS

In this paper, we have presented an analysis of new and archival
data for the host galaxy of GRB 080517. Our main conclusions can
be summarized as follows.

(i) GRB 080517 is a rare, low luminosity, long gamma-ray burst.

(ii)) Our WHT spectroscopy reveals that the host galaxy of
GRB 080517 is a strong optical line emitter lying at z = 0.09.

(iii) The morphology of the GRB host appears to be smooth and
compact with a half-light radius, deconvolved with the seeing, of
2.7 kpe. Its light distribution is consistent with a Sérsic index of
n=15=%1.0.

(iv) The strong optical emission line ratios in the GRB host are
consistent with a composite AGN+-starburst spectrum at solar or
supersolar metallicity, and the ratio of Balmer lines suggests the
nebular emission is subject to an extinction E(B — V) = 1.2.

(v) The SED of the galaxy in the UV-optical is broadly repro-
duced by a post-starburst template at an age of 500 Myr, with a
relatively small component of ongoing star formation (<1 per cent
of the stellar mass). However, no template considered provides a
good match to all features of the SED, and in particular to the high
fluxes measured at >10 um, suggesting that multiple components
with different SEDs may contribute to the broad-band flux.

(vi) SFR estimates for the GRB host range from 0.43 to
16.5 M yr~', based on different indicators. The low rate estimated
from the ultraviolet continuum likely arises due to strong dust ex-
tinction in the star-forming regions. Estimates from the He line and
22 um are consistent at 15.5 + 0.4 and 16.5 + 1.5 Mg yr~!
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(vii) We detect radio emission from the host galaxy with a flux
density, S4s6u, = 0.22 & 0.04 mlJy. This corresponds to a SFR of
7.6 £ 14Mg yr L.

(viii) The high-ionization parameter seen in the optical line
ratios, low radio flux and SED fitting are all consistent with a very
young (<100 Myr) star formation episode.

(ix) The host galaxy has a close companion within 25 kpc in
projected distance and lying at the same redshift. The companion
shows distorted morphology, including two cores which appear to be
undergoing a merger. The proximity of these galaxies may indicate
that the GRB progenitor formed in an ongoing starburst triggered
by gravitational interaction.

(x) While the burst afterglow was too faint to tightly constrain the
X-ray to optical flux ratio, its properties and those of its host galaxy
are consistent with those of the ‘dark” GRB population. The host
galaxy’s properties and wider environment suggest that the role of
galaxy—galaxy interaction in triggering bursts in relatively massive,
metal-rich galaxies needs to be considered more carefully.

We aim to investigate this field further, obtaining stronger
X-ray constraints on the presence of AGN activity, high-resolution
imaging, and also further radio continuum measurements of the
host’s dust-obscured star formation.
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