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Studying the progenitors of long GRBs through their nearby environments

Patricia Schady,!

! Department of Physics, University of Bath, Claverton Down, Bath BA2 7AY, UK E-mail: p.schady@bath.ac.uk

ABSTRACT

Spatially resolved spectroscopy of the environments of explosive transients carries detailed information
on the physical properties of the natal stellar population, and thus the progenitor itself. We present
MUSE integral field spectrograph observations of the host galaxies of the two closest long GRBs to date;
the archetype of the GRB/supernova connection, GRB 980425/SN 1998bw, and the supernovaless GRB
111005A. Detailed emission-line maps from these observations yield physical parameters such as dust
extinction, stellar age, and oxygen abundance on spatial scales of 160 pc and 270 pc respectively, providing
insights on the properties of the progenitor star. The reliability of these results relies crucially on the fidelity
with which our data trace the GRB local environment. We therefore also investigate the impact that spatial
resolution and galaxy inclination has on our results, and discuss the limitations of using such techniques
to study the progenitors of long GRBs. JWST will significantly extend the redshift out to which the local
environments of GRBs can be studied. However, to optimise the scientific return, it will be essential to
quantify the effect of spatial resolution when inferring the properties of the progenitors and environmental

conditions that can host these spectacular stellar explosions.
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1. Introduction

The detailed analysis of the host galaxies and nearby en-
vironmental conditions of explosive transients has been
widely and effectively used to investigate their progen-
itor systems. Emission line spectra carry detailed in-
formation on the chemical composition and star forma-
tion rates of the host environments, both of which are
important properties in understanding the underlying
stellar population and stellar evolution. Global or local
imaging data of nearby supernova (SN) hosts and cos-
mological gamma-ray bursts (GRBs) or superluminous
supernovae have likewise been used to compare progen-
itor models with the expected environments (Anderson
et al. 2010; Leloudas et al. 2015; Perley et al. 2016).

A fundamental limitation of these studies is that the
inferred physical properties may not be representative of
the conditions in the vicinity of the progenitor. For ex-
ample, steep metallicity gradients and inhomogeneities
may result in galaxy-integrated metallicities that are no-
tably different to the metallicity at the position of the
transient. The properties of underlying stellar popula-
tions at the transient location will also be averaged out
when based on poorly resolved observations.

Integral field spectroscopy (IFS) with high angular res-
olution is arguably the most comprehensive way of study-
ing the environments of explosive transients. Over the
past decade, the availability of new-generation integral

field units (IFUs) such as ESO/MUSE, and large IF'S sur-
veys, such as CALIFA and SDSS/MaNGA, have greatly
enhanced the opportunity to study the conditions of the
stellar population and interstellar medium at the loca-
tion of transients (Galbany et al. 2014; Galbany et al.
2016; Chen et al. 2017; Kriihler et al. 2017; Tanga et
al. 2018). However, even in the case where high spatial
resolution observations are available, it is not clear what
spatial resolution is required to truly trace the conditions
of the progenitor star, and projection effects along the
transient line of sight also increase the uncertainty.

Here we present high spatial resolution IFS observa-
tions taken with MUSE of the two closest, long GRBs to
date, GRB 980425 and GRB 111005A, previously pub-
lished in Kriihler et al. (2017) and Tanga et al. (2018).
However, to quantify how representative the reported
physical properties are of the progenitor stars, here we in-
vestigate the effect that spatial resolution and inclination
have on inferred physical properties. Specifically the Ha
equivalent width (EW), which is a tracer of stellar age
(Leloudas et al. 2011; Kuncarayakti et al. 2013; Schady
et al. 2019), and dust reddening.

2. GRB host galaxy MUSE observations
2.1. The host galaxy of GRB 980425

The host galaxy of GRB 980425A, ESO 184-GR&2, is at
z = 0.0085, and it is a barred spiral dwarf galaxy seen



nearly face on. The MUSE observations covered the po-
sition of the GRB as well as a nearby Wolf-Rayet region
with an effective spatial resolution of 160 pc. The Ha
EW measured at the position of the GRB (and asso-
ciated SN1998bw) indicate that the underlying stellar
population is young, with an age in the range 5 — 8
Myr, corresponding to lifetimes of stars with zero-age
main sequence mass, Myzams, between approximately
25 Mg and 40 Mg. The region in the vicinity of the
CRB is dust-poor (E(B-V) = 0.03%5:03), and the mea-
sured metallicity is 124 1log(O/H) = 8.1 —8.3, depending
on the metallicity diagnostic used, which corresponds to
0.3 — 0.4 Zg. These constraints on the progenitor initial
mass and metallicity (assumed to be comparable to the
local, gas-phase metallicity) are fully consistent with the
expectations of the GRB collapsar model.

2.2. The host galaxy of GRB 111005A

The likely host galaxy of GRB 111005A, ESO 580-49, is
at z = 0.0133 and it is a moderately star-forming, rela-
tively metal-rich and dusty galaxy, atypical of GRB host
galaxies (Michalowski et al. 2018; Tanga et al. 2018).
The association between GRB 111005A and ESO 580-49
is based on chance super-position, as the optical after-
glow was not detected due to the GRB lying too close
to the Sun. This long GRB was highly unusual in that
no accompanying SN was detected down to deep lim-
its (~ 22 mag with Spitzer), despite extensive searches.
The limits obtained constrain any associated SN to be
at least 40 times fainter than SN1998bw, although the
level of dust extinction along the GRB line of sight is
uncertain.

The effective spatial resolution of the MUSE data was
270 pc, although the edge-on orientation of the galaxy
greatly increases the uncertainty on any environmental
properties inferred along the GRB line of sight. Assum-
ing that no regions along the GRB line of sight are opti-
cally thick, the Hoe EW measured at the GRB explosion
site and within the closest (projected) HII region im-
ply a progenitor age of > 10 Myr, corresponding to a
progenitor initial mass Mzams < 15 M. The metal-
licity at the GRB explosion site is about solar, and the
visual dust-extinction based on the Balmer decrement is
Ay ~ 2 mag, significantly smaller than the Ay ~ 30 mag
that would be required to fully extinguish a SN1998bw-
like event. In contrast to GRB 980425, the nearby en-
vironment of GRB 111005A is thus in apparent conflict
with the expectations of the collapsar model.

3. Effect of data quality on measurements

Motivated by clear differences in the quality of the data
for the host galaxy of GRB 980425 and GRB 111005A -
namely a reduced spatial resolution and a larger galaxy
inclination in the latter case - in this section we investi-
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Fig. 1. Ha EW against image spatial resolution as measured at 17 star
forming regions within the host galaxy of GRB980425/SN1998bw.

gate how a loss of information effects some key physical
galaxy properties. Specifically, in these proceedings we
explore the effects of spatial resolution on the measured
Ha EW, and how the inferred radial distribution of dust
depends on the galaxy inclination.

3.1. Effects of spatial resolution

To study the effects of spatial resolution on the mea-
sured Hoe EW, we took the MUSE observations of the
host galaxy of GRB 980425, which is nearly face on,
and which had a physical spatial resolution of 160 pc.
From these data we produced an Hoe EW map and then
artificially reduced the spatial resolution by convolving
the map with a 2D Gaussian with a full width half-max
(FWHM) between 200 pc and 1 kpc, increasing in steps
of 100 pc. This gave us a total of ten Hoe EW maps at
decreasing spatial resolution. We then identified around
20 star forming regions from the unconvolved image, and
then measured the Hoe EW at these positions for each of
our Hoe EW maps within circular apertures with a diam-
eter set to the FWHM of the corresponding image.

The results are summarised in Fig. 1, which show a
rapid decrease in the Hoe EW with deteriorating spatial
resolution for all star forming regions considered, until
a flattening occurs at ~ 600 pc, where presumably the
average Hao EW of the galaxy is reached. There is also
evidence for a steepening in the curves beyond ~ 200 pc,
suggesting that at resolutions better than this, the Ha
EW is representative of the true value of the correspond-
ing star forming region.

A similar exercise was done for the host galaxy of
SN2001fv, which is also near face on and has a spatial
resolution of ~ 110pc. The Ha EW measured in star
forming regions of this galaxy similarly decayed with de-
creasing spatial resolution, and also showed a flattening
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Fig. 2. Dust reddening as a function of radial distance from the

galaxy centre for 24 galaxies with varying inclinations. Curves are
colour coded and ordered by galaxy inclination, going from least
inclined at the bottom (dark blue) to most inclined at the top
(yellow). For clarify the curves are offset by the amount indicated
on the right hand side. The black curve corresponds to the dust
reddening radial profile of the host galaxy of GRB 111005A.

in the Hoe EW value at spatial resolutions poorer than
~ 600 pc. However, in this case there was no flattening
at spatial resolutions < 200 pc.

3.2.

To investigate the dependence of the inferred dust dis-
tribution on galaxy inclination, we took a sample of star
forming galaxies from the AMUSING survey (Galbany
et al. 2016) and used the Balmer decrement to deter-
mine the average dust reddening, E(B-V), within annuli
of increasing radii from the galaxy centre, after correct-
ing for inclination. In Fig. 2 we show the results for a
subsample of 24 galaxies with inclination in the range
1 = 15 — 83 deg. The curves are colour coded according
to galaxy inclination, with least inclined shown in dark
blue, and most inclined shown in yellow. The curves have
been offset along the y-axis for clarity by the amount in-
dicated along the right hand side of the figure. The black
curve corresponds to the deprojected dust reddening ra-
dial profile of the host galaxy of GRB 111005A.

From this preliminary analysis, there is no indication
that the dust reddening radial profiles become steeper
for less inclined systems, or indeed that there is any no-
table dependence between the radial profile and galaxy
inclination. This implies that the radial profiles inferred
for inclined galaxies based on the Balmer decrement are
generally not omitting large amounts of optically thick
dust in the inner regions of the galaxy. This result is
nevertheless based on a small sample of galaxies, and
further analysis is planned on a larger sample of galax-

Effects of galaxy inclination

ies that can be separated by galaxy properties such as
stellar mass and SFR.

4. Conclusions
We have carried out some preliminary analysis on the
effect that spatial resolution and galaxy inclination has
on the properties measured from IFU data on the nearby
environments of explosive transients. We find that the
Ha EW declines rapidly with decreasing spatial resolu-
tion, implying that at resolutions worse than ~ 200 pc,
Ha EW can only be used to place an upper limit on the
ages of the underlying stellar population. Furthermore,
from a small sample of 24 host galaxies of SNe of vary-
ing inclination (i = 15 — 83 deg), we find little trend
between the derived (deprojected) dust reddening radial
profile and galaxy inclination, suggesting that most ccSN
host galaxies, even those that are very inclined, do not
contain large amounts of dust in their centres that fully
attenuate hydrogen emission from star forming regions.
IFU observations can provide a wealth of information
on the properties of long GRB progenitors and other
explosive transients. However, care is required to under-
stand the limitations of the data, in particular in terms
of spatial resolution. We plan to continue this work on
much larger samples of star forming galaxies observed
with MUSE, and to carry out a more complete analysis
to quantify how a number of physical properties, such
as stellar age, gas-phase metallicity, and dust reddening,
vary as a function of spatial resolution.
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