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2 Richard et al. 2014

MUSE observations towards a massive cluster, SMACSJ2031.8-
4036. We perform a redshift measurement of all sources in the
MUSE field of view and identify multiply-imaged systems based
on spectroscopic redshifts, the majority of which are not detected
with short exposure Hubble images. This allows us to improve the
cluster mass model in this region very significantly. Throughout
this Letter, we adopt a ⇤-CDM cosmology with ⌦⇤=0.7, ⌦M=0.3
and H = 70 km/s/Mpc. At the redshift of the cluster z = 0.331, 100

on sky corresponds to a physical distance of 4.763 kpc.

2 OBSERVATIONS

SMACSJ2031.8-4036 (↵=20:31:47.843, �=-40:36:54.76, z =

0.331, Christensen et al. 2012, hereafter SMACSJ2031) has been
observed with the Hubble Space Telescope as part of snapshot pro-
grams 12166 and 12884 (PI: Ebeling), using the ACS and WFC3
cameras. The ACS data were taken in the F606W and F814W filters
for 1.2 and 1.44 ksec respectively, and the WFC3 data were taken
in F110W and F140W for 0.7 ksec each. The data were reduced
using multidrizzle (Koekemoer et al. 2002) and the astrometry tied
to the USNO catalog.

The Hubble images reveal a bimodal cluster, with two dis-
tinct concentrations of cluster galaxies located 1.2 arcmin apart.
The HST images are centred on the NW subcluster, and therefore
the WFC3 data only partially cover the SE subcluster (⇠40% of the
MUSE field of view described below).

An early analysis of these images revealed a 5-imaged
strongly lensed system identified by its morphology, and measured
by Christensen et al. (2012) at z = 3.5077 using XShooter (images
1.1 to 1.5 in Figure 1). Additional candidate radial arcs were dis-
covered around the SE sub cluster, showing the potential for con-
firming more multiple images in this region.

For this reason, SMACSJ2031 was targeted as part of MUSE
commissioning (ESO program 60.A-9100(B)) to demonstrate the
power of MUSE once combined with lensing magnification. A to-
tal of 10.4 hours of observations were obtained in nominal (WFM-
NOAO-N) mode between Apr 30th and May 7th 2014, and the
1x1 arcmin2 field-of-view was centred on the SE cluster to cover
the predicted locus of multiple images (Figure 1). A small random
dithering pattern (within a 0.6” box) and 90 degree rotations of the
instrument were performed between each exposure of 1200 sec.

The MUSE data were reduced and combined into a single dat-
acube using the MUSE data reduction software (Weilbacher et al. in
prep.), and further processed with the ZAP software (Soto et al. in
prep.) which suppresses residuals of sky subtraction using a prin-
cipal component analysis. Flux calibration was performed based
on observations of the spectrophotometric standard HD49798 (O6
star) and GD108 (subdwarf B star). The final datacube is sampled
at a pixel scale of 0.2” and covers the wavelength range 4750-9350
Å with a dispersion of 1.25 Å per pixel and a resolution increasing
from R⇠2000 to R⇠4000 between the blue and red end. The seeing
varied from 0.6 to 1.2” between each exposure and is measured to
be ⇠ 0.95” in the final combined datacube based on the brightest
star in the field. More details about the data reduction and quality of
the final products will be given in Patricio et al. (to be submitted).

3 DATA ANALYSIS

We searched the MUSE datacube for spectral features, both for
continuum-detected sources and for objects dominated by nebu-

Figure 1. Overview of all multiple-image systems (in yellow) identified
over a Hubble color image combining the F606W and F814W bands (north
up, east left). The white polygon delineates the 1x1 arcmin2 region covered
by the MUSE observations used in this paper. The cyan, green and red lines
show the critical lines predicted by our revised mass model (Sect. 4) at
z = 1.46 (system 6), z = 3.5077 (systems 1 and 2) and z = 6.4085 (system
9).

lar emission lines. We first produced “white-light” and color im-
ages by collapsing the cube over its full wavelength range or in the
blue/green/red wavelengths (Fig. 2, left panel). We ran SExtractor
(Bertin & Arnouts 1996) to identify objects in the white-light image
and measured their continuum levels at 3 wavelengths. The spectra
of these continuum sources were extracted using the spatial extent
measured in the white light image.

In addition, we produced pseudo narrow-band images by per-
forming a running average of 5 adjacent wavelength planes (6.25Å
width) in the whole cube, using a weighting scheme to enhance
the detection of typical � ⇠ 100 km/s emission lines. We ran
SExtractor again in each of these narrow-band images, and com-
pared the detections with the previous continuum measurements
to identify emission lines associated with continuum sources and
isolated emission lines. Examples of continuum-subtracted narrow-
band detections are given in Fig. 2 (right panel). All emission lines
are well-detected and resolved over multiple wavelength planes
throughout the cube.

Redshifts were measured for both continuum and emission-
line dominated sources by identifying a combination of emission
and absorption line features. The large majority of continuum
sources identified are formed by cluster members (53) and fore-
ground sources (3), easily recognisable with K 3933 Å and H 3969
Å absorption features (green and cyan crosses respectively in the
left panel of Fig. 2). Background sources are all identified through
their emission lines or Lyman-↵ break, in particular [OIII] 5007 Å
at z < 0.8, [OII] 3727 Å at < 1.5, but for the large majority with
Lyman-↵ 1216 Å at z > 2.8 (Table 1). As Lyman-↵ is usually the
only spectral feature visible in the MUSE wavelength range, we
rely on its typical asymmetric shape and the absence of a doublet
or other emission lines to ascertain the redshift (Fig. 3). We also
measured the redshifts of candidate arcs and multiple images vis-
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