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ent extents depending on the DIB – with extinction (e.g. Herbig
1993), neutral hydrogen, interstellar Na I D and Ca H&K lines
(e.g. Lan et al. 2015; Friedman et al. 2011), and other molecules
in the ISM (e.g. CH, C2, CN, Weselak et al. 2004; Baron et al.
2015). In contrast, they are poorly correlated with the amount of
H2 (e.g. Lan et al. 2015; Friedman et al. 2011). Besides, differ-
ent DIBs react in different ways to the UV radiation field (e.g.
Krelowski et al. 1992; Cami et al. 1997; Cox & Spaans 2006;
Vos et al. 2011; Cordiner et al. 2013; Elyajouri et al. 2017) and
seem to show small scale spatial variations (Wendt et al. 2017;
Monreal-Ibero et al. 2015a; Cordiner et al. 2013; van Loon et al.
2009) and different levels of clumpiness (Kos 2017).

An important piece of information is the behaviour of DIBs
outside of the Milky Way (see Cordiner 2014, for an excellent re-
view of the subject). Galaxies other than ours span a large diver-
sity in terms of stellar, gas and dust content, mass, morphology,
evolutionary status, environmental conditions, amongst others.
This entails a diversity of ISM properties, and thus an invalu-
able opportunity to test the existence and properties of DIBs un-
der gas physical (e.g. radiation field, temperature, density) and
chemical (e.g. metallicity, relative abundances, molecular con-
tent) conditions and dust properties not found in the Milky Way.
However, since they are faint features, works aiming to study
extragalactic DIBs are still scarce.

The first DIB detected outside the Milky Way was that at
λ4428, in the Magellanic Clouds (Hutchings 1966; Blades &
Madore 1979). Nowadays, there are certainly many more DIB
detections within these galaxies (Ehrenfreund et al. 2002; Cox
et al. 2006, 2007; Welty et al. 2006; Bailey et al. 2015; van
Loon et al. 2013), reaching up to several tens of lines of sight
for the DIBs at λ5780 and λ5797. In both galaxies, DIBs seem
weaker with respect to N(H i) and E(B − V) than in our Galaxy.
The lower metallicity of the systems and, perhaps, the increased
radiation field have been proposed as explanations (Cox et al.
2006; Welty et al. 2006). Additionally, these same DIBs were
also measured in a few lines of sight for the Andromeda galaxy
(M 31, Cordiner et al. 2011) and in the Triangulum galaxy (M 33,
Cordiner et al. 2008). Outside of the Local Group, DIB de-
tections are scant. They have been found in relatively nearby
galaxies that show high extinction (e.g Ritchey & Wallerstein
2015; Heckman & Lehnert 2000), towards bright supernovae
(D’Odorico et al. 1989; Thöne et al. 2009; Cox & Patat 2008;
Welty et al. 2014; Sollerman et al. 2005), and damped Lyman-α
systems (e.g. Junkkarinen et al. 2004; Srianand et al. 2013).

As demonstrated in some of the examples mentioned above,
highly multiplexed spectrographs offer the possibility of collect-
ing in one shot information for many lines of sight. Integral
field spectrographs (IFSs) constitute a special case of this kind
of instrumentation where this information is recorded in an ex-
tended continuous field. In Monreal-Ibero et al. (2015b), we pro-
posed the use of high-sensitivity IFSs as a tool to detect and map
DIBs outside the Local Group. The experiment, conducted using
the Multi Unit Spectroscopic Explorer (MUSE) commissioning
data, led to the first determination of a DIB radial profile in a
galaxy outside the Local Group. The experiment demonstrated
the possibilities of using IFSs in extragalactic DIB research, but
the strength of the DIB had to be determined only as average
values in large areas (i.e. between 0.7 and 3.8 kpc2).

Building on top of that experiment, we have initiated a search
for DIBs in the galaxies observed within the MUSE Guaran-
teed Time Observations. Here, we present the results for the
Antennae Galaxy (NGC 4038/NGC 4039, Arp 244). This sys-
tem is one of the most spectacular examples of gas-rich ma-
jor mergers as well as being the closest (distance=22±3 Mpc,

Schweizer et al. 2008). The system has a total infrared luminos-
ity of log(Lir/L�) = 10.86 (Sanders et al. 2003) approaching that
of a luminous infrared galaxy, and is subject of heavy and vari-
able attenuation (Brandl et al. 2005). It therefore presents a good
target for the search of extragalactic DIBs.

The paper is structured as follows: Sect. 2 summarises the
data collection and reduction; Sect. 3 contains a description of
our methods to extract the information for the DIBs and other
used observables. Results are presented and discussed in Sect. 4.
Our main conclusions are summarised in Sect. 5.
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Fig. 1. Line-free continuum as derived from STARLIGHT showing the
mapped area with the tessellated pattern used to extract the high signal-
to-noise ratio spectra (i.e. the tiles). The reconstructed white-light image
is overplotted as reference with contours in logarithmic stretching of 0.5
dex steps. The origin of coordinates here and through the paper was put
at the position of the northern nucleus. North is up, east is to the left.

2. The data

The dataset we use in this paper has already been presented in
great detail in Weilbacher et al. (2017, hereafter Paper I). Here,
we give a short summary of its properties and the processing
involved.

The central merger of the NGC 4038/39 system was ob-
served in April/May 2015 and February and May 2016 with
MUSE on VLT UT4 (Bacon et al. 2012). The wide-field mode
in extended configuration was used, which yields a sampling
of 0′′.2 over a field of about 1�′, with a wavelength range of
4600 to 9350 Å, sampled at about 1.25 Å pixel−1. As explained
in Paper I, we reduced the data using the public MUSE pipeline
(v. 1.6; Weilbacher et al. 2014, Weilbacher et al. in prep.), us-
ing standard calibrations, including bias subtraction, flat-fielding
and slice tracing, wavelength calibration, twilight sky correction,
atmospheric refraction correction, and sky subtraction (using ex-
ternal sky fields) as well as correction to barycentric velocities.
All exposures of the central field were then combined, using the
linear full width at half maximum (FWHM) weighting scheme
built into the pipeline, to optimise the final seeing. We minimised
contributions from exposures of lower sky transparency by re-
setting their FWHM keywords to high values. Most of the expo-
sures were 1350 s long, but we replaced one small section that
was saturated at Hα by two 100 s exposures. The final output
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