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Abstract

We present the results of CO observations toward 14 host galaxies of long-duration gamma-ray bursts
(GRBs) at z = 0.1–2.5 by using the Atacama Large Millimeter/submillimeter Array. We successfully
detected CO(3–2) or CO(4–3) emission in eight hosts (z = 0.3–2), which triples the sample size of GRB
hosts with CO detection. The derived molecular gas mass for the hosts is Mgas = (0.2–6) ×1010 M⊙

assuming metallicity-dependent CO-to-H2 conversion factors. By using the largest sample of GRB hosts
with molecular gas estimates including the results from the literature (25 hosts in total, of which 13 are
detected in CO), we compared the molecular gas properties with those of other star-forming galaxies.
The GRB hosts are located on the relation of Mgas–star formation rate (SFR) similar to local and high-
redshift star-forming galaxies. To eliminate the effect of selection bias toward higher-SFR hosts in the
sample, we analyzed the molecular gas mass fraction (µgas) and tdepl as a function of the distance from the
main-sequence (MS) line (δMS). We found that the GRB hosts follow the same scaling relations as other
star-forming galaxy populations in the plot of µgas and tdepl as a function of δMS, where µgas increases
with increasing δMS and tdepl decreases with increasing δMS. This suggests that galaxies traced by GRBs
are no different from other star-forming galaxies in terms of molecular gas.
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1. Introduction

Long-duration gamma-ray bursts (GRBs) have been
shown to be associated with the explosions of massive
stars (e.g., Hjorth et al. 2003; Stanek et al. 2003). GRBs
are expected to be a new tool for probing the star-
forming activity in the distant universe (e.g., Totani
1997; Wijers et al. 1998). It is still a subject of de-
bate whether GRBs can be used as unbiased tracers of
star formation, that is, whether GRBs occur in normal
star-forming environments. Although multi-wavelength
observations of GRB hosts have been conducted, the un-
derstanding of the properties of molecular gas, which is
the fuel for star formation, has not been well provided.
Observations of molecular gas in GRB hosts are impor-
tant for establishing the link between GRBs and star-
forming activity.

Searches for CO line emission have been conducted
to probe molecular gas in GRB hosts (Kohno et al.
2005; Endo et al. 2007; Hatsukade et al. 2007; Hatsukade
et al. 2011; Stanway et al. 2011), and the first detection
was made by Hatsukade et al. (2014). So far, only six
GRB hosts have been detected in CO emission (Hat-
sukade et al. 2014; Stanway et al. 2015; Arabsalmani
et al. 2018; Micha lowski et al. 2018; Hatsukade et al.
2019; de Ugarte Postigo et al. 2020). The sample size is
too small to discuss the common characteristics of GRB
hosts in terms of molecular gas, and a larger sample with
CO observations is necessary.

2. Observations and Results

The targets of 14 GRB hosts (z = 0.1–2.5) were se-
lected from previous studies on GRB hosts, where multi-



wavelength analysis are available, thus allowing us to
compare their physical quantities (such as SFR, stellar
mass, or metallicity) with those of other galaxy popula-
tions.

ALMA observations of the targets were conducted
in March–November, 2016. We detected CO emis-
sion in eight hosts at z = 0.3–2 (GRBs 050826,
051006, 051117B, 060814, 070306, 081109, 110918A, and
140301A). Because six GRB hosts were detected in CO
emission so far, this study more than doubled the sam-
ple size of hosts with CO detection. The three hosts
(GRBs 081109, 110918A, and 140301A) clearly show a
rotation velocity field with a line full width at half max-
imum (FWHM) of 200–300 K km s−1, whereas other
hosts show a more disturbed velocity field.

3. Discussion

We combined the results of CO observations with those
reported in the literature (11 hosts) and discuss the CO
and molecular gas properties with the largest sample of
GRB hosts (25 in total, of which 13 are detected in CO).

3.1. Molecular Gas Mass

The CO-to-H2 conversion factor is thought to be depen-
dent on gas-phase metallicity (e.g., Bolatto et al. 2013).
We adopted the relation between metallicity and αCO of
Genzel et al. (2015), where they took the geometric mean
of the empirical relations of Genzel et al. (2012) and Bo-
latto et al. (2013) and derived a relation for the local and
high-redshift sample. Because the CO line ratio for GRB
hosts was obtained only in the GRB 080207 host, in this
study we adopted the line ratios of CO(3–2)/CO(1–0)
= 0.6 and CO(4–3)/CO(1–0) = 0.4, which are the inter-
mediate values between Milky Way and M 82 (Carilli &
Walter 2013) and appropriate for z ∼ 1–2 main-sequence
(MS) galaxies (Dannerbauer et al. 2009; Daddi et al.
2015). The derived molecular gas mass is Mgas = (0.2–
6)×1010 M⊙, which is comparable to that of GRB hosts
at similar redshifts (Hatsukade et al. 2014; Stanway et
al. 2015; Micha lowski et al. 2018; Arabsalmani et al.
2018; Hatsukade et al. 2019).

Fig. 1 compares the molecular gas masses and SFRs of
the targets. We also plot the GRB hosts with CO obser-
vations in the literature by using the same CO line ratios
and metallicity-dependent conversion factors adopted for
our sample. The majority of the GRB hosts are located
in the regions similar to those of local star-forming galax-
ies and z ∼ 1–2 MS galaxies.

3.2. Molecular Gas Scaling Relations

Previous studies on GRB hosts suggest a deficiency of
molecular gas in the host galaxies compared to their
star formation rate (SFR) or stellar mass (Hatsukade et
al. 2014; Stanway et al. 2015; Micha lowski et al. 2016).
Stanway et al. (2015) claimed that the CO emission of
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Fig. 1. Comparison of molecular gas mass and SFR. We plot the

GRB host galaxies in our sample and in the literature. The GRB

hosts are color coded by redshift. For comparison, we plot local

galaxies (Saintonge et al. 2011; Saintonge et al. 2017; Bothwell et

al. 2014), z ∼ 1–2 MS galaxies (Tacconi et al. 2013; Seko et al.

2016), and SMGs (Bothwell et al. 2013). The solid and dashed

lines represent gas depletion times of 0.1 and 1 Gyr, respectively.

GRB hosts to be weak compared with their SFRs, sug-
gesting that a short gas consumption timescale is char-
acteristic of GRB hosts. However, recent CO observa-
tions by Arabsalmani et al. (2018) and Micha lowski et
al. (2018) found no molecular gas deficiency, and the
reported deficiency can be due to the small statistics
and/or the adopted CO-to-H2 conversion factor. CO(1–
0) observations of the GRB 080207 host by Hatsukade
et al. (2019) support the claim that GRBs hosts can be
representative star-forming galaxies.

We examine this issue with the largest sample of GRB
hosts by comparing them with other star-forming galax-
ies. Genzel et al. (2015) and Tacconi et al. (2018) argue
the scaling relations for µgas and tdepl can be written as
functions depending on redshift, stellar mass, and off-
set from the MS line, δMS = sSFR/sSFR(MS, z,M∗).
Tacconi et al. (2018) found that their large data sets fol-
lowed the same scaling trends over a range of log δMS
from −1 to 2. Fig. 2 shows µgas and tdepl of the GRB
hosts as a function of δMS. The GRB hosts follow the
same scaling trends as other star-forming galaxies, where
µgas increases and tdepl decreases with increasing δMS.

The overall trend for the GRB hosts found in this
study suggests that the star-forming environment pro-
ducing GRBs is similar to that of other star-forming
galaxies in terms of molecular gas, especially molecular
gas fraction and depletion timescale.
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Fig. 2. Dependence of molecular gas fraction (µgas) (left) and molecular gas depletion timescale (tdepl) (right) as a function of the offset

from the reference MS line (δMS). Circles and squares represent the GRB hosts of our targets and in the literature, respectively. The

background distribution shows the distribution of a sample of star-forming galaxies compiled by Tacconi et al. (2018), and the dashed line

shows the best-fit line for their sample. The GRB hosts are color coded by stellar mass.
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