
 

 

 University of Groningen

Discovery of a faint, star-forming, multiply lensed, Lyman-α blob
Caminha, G. B.; Karman, W.; Rosati, P.; Caputi, K. I.; Arrigoni Battaia, F.; Balestra, I.; Grillo,
C.; Mercurio, A.; Nonino, M.; Vanzella, E.
Published in:
Astronomy & astrophysics

DOI:
10.1051/0004-6361/201527995

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2016

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Caminha, G. B., Karman, W., Rosati, P., Caputi, K. I., Arrigoni Battaia, F., Balestra, I., ... Vanzella, E.
(2016). Discovery of a faint, star-forming, multiply lensed, Lyman-α blob. Astronomy & astrophysics, 595,
[A100]. https://doi.org/10.1051/0004-6361/201527995

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 22-05-2019

https://doi.org/10.1051/0004-6361/201527995
https://www.rug.nl/research/portal/en/publications/discovery-of-a-faint-starforming-multiply-lensed-lyman-blob(f194e9bf-b235-40e2-8cbb-9cc442b1c310).html


A&A 595, A100 (2016)
DOI: 10.1051/0004-6361/201527995
c© ESO 2016

Astronomy
&Astrophysics

Discovery of a faint, star-forming, multiply lensed, Lyman-α blob
G. B. Caminha1, W. Karman2, P. Rosati1, K. I. Caputi2, F. Arrigoni Battaia3, I. Balestra4, 5, C. Grillo6,

A. Mercurio7, M. Nonino5, and E. Vanzella8

1 Dipartimento di Fisica e Scienze della Terra, Università degli Studi di Ferrara, via Saragat 1, 44122 Ferrara, Italy
e-mail: gbcaminha@fe.infn.it

2 Kapteyn Astronomical Institute, University of Groningen, Postbus 800, 9700 AV Groningen, The Netherlands
e-mail: karman@astro.rug.nl

3 European Southern Observatory, Karl-Schwarzschild-Str. 2, 85748 Garching b. München, Germany
4 University Observatory Munich, Scheinerstrasse 1, 81679 Munich, Germany
5 INAF−Osservatorio Astronomico di Trieste, via G. B. Tiepolo 11, 34143 Trieste, Italy
6 Dark Cosmology Centre, Niels Bohr Institute, University of Copenhagen, Juliane Maries Vej 30, 2100 Copenhagen, Denmark
7 INAF−Osservatorio Astronomico di Capodimonte, via Moiariello 16, 80131 Napoli, Italy
8 INAF−Osservatorio Astronomico di Bologna, via Ranzani 1, 40127 Bologna, Italy

Received 17 December 2015 / Accepted 30 August 2016

ABSTRACT

We report the discovery of a multiply lensed Lyman-α blob (LAB) behind the galaxy cluster AS1063 using the Multi Unit Spec-
troscopic Explorer (MUSE) on the Very Large Telescope (VLT). The background source is at z = 3.117 and is intrinsically faint
compared to almost all previously reported LABs. We used our highly precise strong lensing model to reconstruct the source proper-
ties, and we find an intrinsic luminosity of LLyα = 1.9 × 1042 erg s−1, extending to 33 kpc. We find that the LAB is associated with
a group of galaxies, and possibly a protocluster, in agreement with previous studies that find LABs in overdensities. In addition to
Lyman-α (Lyα) emission, we find C iv, He ii, and O iii] ultraviolet (UV) emission lines arising from the centre of the nebula. We used
the compactness of these lines in combination with the line ratios to conclude that the Lyα nebula is likely powered by embedded star
formation. Resonant scattering of the Lyα photons then produces the extended shape of the emission. Thanks to the combined power
of MUSE and strong gravitational lensing, we are now able to probe the circumgalatic medium of sub-L∗ galaxies at z ≈ 3.

Key words. galaxies: high-redshift – galaxies: star formation – intergalactic medium – galaxies: halos – galaxies: evolution –
cosmology: observations

1. Introduction

Understanding important processes involved in galaxy evolution,
such as accretion and feedback, is crucial to comprehending the
medium surrounding galaxies at high redshift In this light, un-
derstanding the nature of the so-called Lyman-α blobs (LABs)
provides key elements of the conditions of the circumgalactic
medium (CGM) at high redshift. These LABs are extended neb-
ulas of tens to hundreds of kpc with high Lyman-α (Lyα) lumi-
nosities of 1042 to 1045 erg s−1 cm−2 (e.g. Heckman et al. 1991;
Steidel et al. 2000; Matsuda et al. 2011; Cantalupo et al. 2014).

While it has become clear that most LABs reside in over
dense regions, such as the protocluster SSA22 where a large
number of LABs have been found (e.g. Yamada et al. 2012),
the mechanism responsible for extended Lyα emission is still
a matter of debate. Although active galactic nuclei (AGNe) are
often shown at the centres of LABs (e.g. Geach et al. 2009;
Overzier et al. 2013) and several quasi stellar objects (QSO)
and high-z radio galaxies (HzRG) show extended Lyα emis-
sion, other studies find photoionization by star formation (e.g.
Bridge et al. 2013; Ao et al. 2015; Patrício et al. 2016) as a cause
for the extended emission. Others suggest that the absence of any
clear ioniziation source indicates that cold accretion provides
the extended Lyα emission (e.g. Nilsson et al. 2006; Saito et al.
2006, 2008; but see Prescott et al. 2015, for the discovery of a
hidden AGN in this sample).

Currently, four different scenarios are proposed for ion-
ization of the blobs (see Arrigoni Battaia et al. 2015a, and
references therein). First, an AGN could photoionize the
medium, and it has been well established that for some
LABs this is the dominant factor (e.g. Geach et al. 2009;
Overzier et al. 2013). Second, shocks powered by galaxy-scale
outflows could interact with the CGM and the intergalactic
medium (IGM) producing the large amount of radiation ob-
served (e.g. Mori & Umemura 2006). The third proposed mech-
anism is cooling radiation through gravitational collapse (e.g.
Yang et al. 2006; Dijkstra & Loeb 2009; Faucher-Giguère et al.
2010), which occurs when extended metal-poor collisionally-
excited gas cools down by Lyα emission. Last, if a source, such
as a star formation (SF) burst or an AGN, is embedded in a large
reservoir of neutral gas, resonant scattering of Lyα photons can
extend the originally compact Lyα emission (Dijkstra & Loeb
2008; Hayes et al. 2011; Steidel et al. 2011).

It has been shown that a single mechanism cannot explain
the origin of the LABs for all sources. It is therefore impor-
tant for our understanding of galaxy formation to determine
which mechanism is responsible in the different classes of ob-
jects. One method to distinguish between the mechanisms is to
look at the extent of the C iv and He ii emission. Extended C iv
and He ii emission is expected when photoionization or shocks
power the Lyα nebula, while only extended He ii emission is ex-
pected in case of gravitational cooling. Because He ii is not a
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Fig. 1. HFF colour composite image of the south-west region of AS1063 overlaid with Lyα emission isocontours. The white crosses indicate the
positions of the three compact sources related to the LAB (as in Fig. 2) and the red circles the multiple images of another galaxy located at the
same redshift, studied in detail in Vanzella et al. (2016).

resonant line, no extended He ii emission is expected in case of
a resonant scattering. Although C iv is resonant, it will only be
extended for resonant scattering if the surrounding medium is
optically thick to C iv (see Prochaska et al. 2014).

Although extended C iv and He ii emission are detected
around HzRGs (Villar-Martín et al. 2003, 2007; Humphrey et al.
2006; Gullberg et al. 2016; Swinbank et al. 2015), detections
of extended C iv and He ii are elusive around QSOs and at
LABs (e.g. Arrigoni Battaia et al. 2015a,b), and only compact
detections of these lines have been found (e.g. Dey et al. 2005;
Christensen et al. 2006; Prescott et al. 2009, 2013; Scarlata et al.
2009; Yang et al. 2010). The emission in C iv and He ii
is expected to be fainter than the Lyα emission on large
scales in all the aforementioned scenarios (Yang et al. 2006;
Arrigoni Battaia et al. 2015a,b; Cabot et al. 2016), and conse-
quently only the brightest compact emission can currently be
detected given the surface brightness limits achieved so far. We
note that Prescott et al. (2012) argue that their non-detection of
He ii in narrowband imaging suggests extended emission of He ii
around a LAB.

In this work, we report the discovery of one of the first mul-
tiply lensed LABs. Located behind the Hubble Frontier Fields
(HFF; P.I.: J. Lotz, see Lotz et al. 2016) cluster Abell S1063
(AS1063), it is one of the intrinsically-lowest luminosity LABs
found to date, and the faintest to also show C iv and He ii emis-
sion. We will demonstrate that the properties of this LAB are
consistent with resonant scattering of an embedded star-forming
source, shedding light on the origin of faint LABs. The layout
of this paper is as follows. We present the data and method in
Sect. 2, our results in Sect. 3, and our conclusions in Sect. 4.
Throughout this work we use the standard flat ΛCDM cosmol-
ogy, with H0 = 70 km s−1 Mpc−1 and ΩM = 0.3, we use a

Chabrier initial mass function (IMF), and all magnitudes refer to
the AB system.

2. Methodology

2.1. Data

We observed AS1063 with the Multi Unit Spectroscopic Ex-
plorer (MUSE, Bacon et al. 2010) mounted on the Very Large
Telescope (VLT) at Paranal for a total of three hours of expo-
sure time. The observations were collected as part of the Sci-
ence Verification, and the data are presented in Karman et al.
(2015). We refer the reader to that work for a description of
the data reduction, of which provide a quick overview here. The
data was reduced with the standard pipeline version 0.18.2 and
we verified that using a later version does not make a signifi-
cant difference. The final datacube covers a field of 1 arcmin2

in the south-west half of AS1063, and spans a spectral range
of 4750 through 9350 Å. The spectral resolution of the MUSE
instrument increases from R ≈ 1700 at the blue to R ≈ 3500
at ∼9000 Å, which is enough to spectrally resolve the shape of
Lyα emission. The seeing during the observations varied be-
tween 1.0′′ and 1.1′′ measured in white light, which corresponds
to a FHWM of five to six pixels.

We re-examined the datacube after the first publication, in-
specting specifically those positions with photometrically deter-
mined multiple images. We reported in Caminha et al. (2016) the
redshifts of two new multiply lensed sources, of which one is
an extended Lyα source, i.e. the LAB studied in this work, see
Fig. 1. We extracted spectra at the positions of the multiple im-
ages within our field of view, α = 22:48:44.98; δ = −44:32:19.1
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Fig. 2. Left panels: details of the LAB multiple images in the HFF
colour composite image using the HST/ACS F435W, F606W and
F814W filters. The circles have 0′′.75 radius showing the compact source
in the centre (ID 1) and the filamentary substructure (IDs 2 and 3).
Central panels: colour composite images using the Lyα, C iv and He ii
emissions (blue, green and red channels, respectively) of the two LAB
in the MUSE footprint, with a smooth kernel of 1′′. Right panels: pro-
jected emissions onto the source plane. Note that the multiple images C
are outside of our MUSE observations, and therefore we cannot show
the corresponding Lya image reconstruction.

and α = 22:48:42.91; δ = −44:32:09.0, with differently sized
apertures, to constrain the size and extent of this emission.

2.2. Strong lens model

This LAB is multiply lensed into three multiple images (A, B
and C, see Fig. 2) and highly distorted and magnified by the
gravitational potential of the foreground galaxy cluster AS1063.
To compute the intrinsic properties of the LAB we corrected
the observations from the strong lensing effect. We used an up-
dated model of our previous strong lensing model ID F1-5th,
presented in Caminha et al. (2016) to map the quantities between
the source and image (observed) planes. We improved this model
by fixing the redshift of the Lyα blob and we included two ex-
tra multiple images (structures of the Lyα blob) identified in the
HFF images. We show these new multiple images in Fig. 2, iden-
tified as A2, A3, B2, B3, C2 and C3, see Table 1 for their co-
ordinates. The multiple images A1, B1 and C1 correspond to
the first identified compact source in the centre of the LAB con-
sidered in Caminha et al. (2016), and have Hubble Space Tele-
scope (HST) F814W magnitudes of 25.39, 25.81, and 26.38, re-
spectively (see Karman et al. 2016). The morphology, parity and
colours of these substructures in all the three multiple images (A,
B and C) are in full agreement with basic gravitational lensing
theory, which ensures these substructures are at the same red-
shift. In this model we used only spectroscopically confirmed
families, totalling 30 multiple images belonging to ten multiple
image families of which eight are at different redshifts. The mean
offset between the observed and model predicted positions of the

Table 1. Positions of the multiple images associated to the LAB (IDs A,
B and C) and the positions (IDs N) throughout the nebula for which we
extracted the spectra.

ID α δ

A1 22:48:44.98 −44:32:19.1
A2 22:48:45.05 −44:32:17.9
A3 22:48:44.92 −44:32:20.5
B1 22:48:42.91 −44:32:09.0
B2 22:48:43.09 −44:32:08.6
B3 22:48:42.78 −44:32:09.6
C1 22:48:40.96 −44:31:19.5
C2 22:48:41.01 −44:31:18.0
C3 22:48:40.92 −44:31:21.0
N1 22:48:45.08 −44:32:19.8
N2 22:48:44.88 −44:32:18.8
N3 22:48:45.21 −44:32:18.9

images (A1, B1, C1), (A2, B2, C2) and (A3, B3, C3), is ≈0′′.1,
ensuring that our model reproduces the intrinsic properties of
these sources very well. The multiple images A and B are in the
MUSE footprint and the mean magnification factors over the ex-
tended region of the Lyα emission are 6.1 ± 0.5 and 5.0 ± 0.4,
respectively. This corresponds to a delensed F814W magnitude
of 27.36 and 27.56 for Images A1 and B1, respectively.

We used our strong lensing model to map the emission in
the image plane onto the source plane, central and right panels
of Fig. 2, respectively. In the case of Image B, the presence of
nearby bright cluster members affects the reconstruction on the
source plane significantly, making it more noisy than the recon-
struction of Image A. We note that the observational seeing, not
taken into account in this projection, might affect the shape of
small scale features on the source plane. In both reconstructions
in the source plane the extended nature of the Lyα emission re-
mains and extends up to ≈33 kpc.

3. The multiply lensed Lyman-α blob

We found several emission lines in the spectra of compact
sources A1 and B1 at the centre of the LAB, which we identified
as Lyα, C ivλλ1548,1551 Å, He iiλ1640 Å, and O iii]1666 Å,
determining the redshift to be z = 3.117. We show the Lyα, C iv,
He ii, and O iii] emission lines of spectra of Image A1 in Fig. 3.

We used the integral field capabilities of MUSE to study the
spatial profile of Lyα , and found a significantly extended emis-
sion area, see Fig. 1 and the central and right panels of Fig. 2.
In Fig. 2, the Lyα emission of each multiple image appears to
be extended up to ≈10′′ on the image plane and ≈33 kpc on
the source plane. In Fig. 1, we show the contours of the broad
spatial Lyα emission, overplotted on a colour composite image
constructed from the HFF images. From this image, we identi-
fied three compact sources embedded within the Lyα emission,
which are shown in detail in the left panels of Fig. 2. One of
these compact sources is very bright and lies at the centre of
the emission while the other two present a filamentary struc-
ture. These two other sources are seen around all three multi-
ple images, meaning that they are at a similar redshift. They are
close enough to the central galaxy that they fall within the pro-
jected area of the Lyα emission. We note that the contours corre-
sponding to the highest flux levels are located around images A1
and B1, rather than on top of it.
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The shape of the Lyα profile can give us insight into the prop-
erties of the gas surrounding this galaxy (e.g. Verhamme et al.
2008; Gronke et al. 2015). At the position of the brightest coun-
terpart, the Lyα line has a typical asymmetric profile with a red
tail and a small blue second peak separated by ∼600 km s−1 from
the red peak which is offset by ∼200 km s−1 from the wavelength
predicted from the ultraviolet (UV) emission lines. This line pro-
file suggests a shell of gas flowing out of the galaxy at moderate
velocity. We extracted spectra at the positions of these compan-
ions (IDs A2 and A3) and the central compact object (ID A1)
finding no significant difference in the Lyα profile, see the top
row of Fig. 4, or any emission line at other wavelengths. This
means that these two sources are not bright enough in Lyα to
be detected or distinguished from the Lyα nebula by our obser-
vations. Moreover, the Lyα profile at different positions of the
nebula is very homogeneous, with no significant velocity off-
sets from the central position. This was also found by previous
studies (Swinbank et al. 2007; Patrício et al. 2016), and indicates
that the kinematic conditions of the nebula are similar in all di-
rections. It is interesting to note that a deficit of the Lyα emission
is seen close to the position of the bright central source, where
the contours present a “valley”. This is also illustrated in Fig. 4,
where we compare the Lyα line at the bright central object A1 to
other positions throughout the nebula. In addition to Image A1,
we show the spectra at the other detected objects A2 and A3, and
three positions without any optical counterpart. We chose N1 to
be situated at the peak of Lyα flux, that is offset from A1, while
positions N2 and N3 are chosen to sample the whole nebula. The
peak of Lyα flux is less at A1 than at N1, and comparable to the
other regions N2 and N3. The coordinates of these positions are
shown in Table 1. We showed in the foregoing analysis that this
is most probably due to gas Lyα transfer processes and not to the
presence of dust.

The C iv doublet is clearly detected, and shows a narrow line
profile, while the He ii line is detected at ∼4.8σ and is broader.
The width of the C iv lines remains unresolved, meaning that
the width is equal to the instrumental resolution, while the sig-
nal to noise of the He ii lines is too low to reliably measure its
width. Although broad emission lines would indicate AGN ac-
tivity (but see Crowther et al. 2006, for broad emission lines in
Wolf-Rayet stars), narrow emission lines can be produced by
both AGN and SF.

Fig. 4. Lyα profile at different positions of the nebula. The top row
shows the Lyα line at the HST counterparts A1, A2, and A3, while
three positions throughout the nebula are shown by N1, N2, and N3.
The spectra have been summed within a four pixel apperture radius and
the coordinates are shown in Table 1.

To investigate the powering source of the LAB, we studied
the extent of the different emission lines. In the left panel of
Fig. 5, we show the intrinsic cumulative flux profile as a function
of the radius on the source plane for the two images integrating
in the range of each emission and subtracting the continuum. The
Lyα, C iv and He ii emission fluxes are the circles, diamonds and
stars, respectively. The flux centred on Image B1 is rescaled to
account for the flux ratio anomalies that can be caused by small
mass substructures not included in the lens model (Kochanek
1991; McKean et al. 2007). To highlight the extended nature of
the emission, the grey lines show the shape of a Gaussian point
source in similar seeing conditions.

It is clear from these figures that the Lyα emission is ex-
tended, while the C iv line is significantly more compact than
the Lyα and cospatial with Source 1. This suggests that the neb-
ula is not powered by photoionization or shocks. The extent of
the He ii line is more difficult to determine, as the flux density
is low. Therefore, we cannot distinguish between gravitational
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are the Lyα emission. In the inset plot we show the C iv and He ii emissions, diamonds and stars respectively (the units are the same as in the
main plot). The grey lines show the theoretical shape on the source plane of a Gaussian emission with observed scale of 1′′.1 and arbitrary total
flux. Right panel: intrinsic Lyα surface brightness. The red and blue lines indicate the best fit of an exponential function (considering the points
r > 5 kpc, see text for details). The grey solid and dashed lines are the results from Matsuda et al. (2012) and Wisotzki et al. (2016), respectively,
renormalized to r = 8 kpc.

cooling or resonant scattering, although the presence of a com-
pact ionizing source suggests the latter.

In the right panel of Fig. 5, we show the Lyα surface bright-
ness of sources A1 and B1 as a function of the radius on the
source plane. The best fit, considering the scale of the surface
brightness with the radius (r) given by S (r) = C exp(−r/rn),
where C is a normalization and rn gives the slope of the curve,
is shown in the figure. To avoid systematics in the fitting we ex-
cluded the points with r < 5 kpc for which the area is small
and the measured flux more noisier and the observational seeing
might contribute significantly in the overall slope. The best fit-
ting values of rn for the Images A1 and B1 are (11.8 ± 0.4) kpc
and (11.1±1.3) kpc, respectively. These values show good agree-
ment with the measured slopes in Matsuda et al. (2012) and
Wisotzki et al. (2016), also shown in the figure, although our
Lyα surface brightness profile falls in the fainter range of these
two samples and we cannot extend our fit to large radii due to
the low surface brightness.

The ratio of Lyα to C iv or He ii is often used to de-
termine the ionizing source of LABs, even though effects on
the Lyα emission like dust absorption could bias these ratios.
In Fig. 6 we show our data together with the detections re-
ported in the literature for Lyα nebulae at comparable redshift
(Heckman et al. 1991; Villar-Martín et al. 2007; Prescott et al.
2009, 2013). In particular, we measured C iv/Lyα = 0.44± 0.12
and He ii/Lyα = 0.12 ± 0.05 from a central region of 0′′.5, and
C iv/Lyα = 0.16 ± 0.03 and He ii/Lyα = 0.03 ± 0.01 over the
complete nebula, see Fig. 6. We see that the ratio of C iv/Lyα
is high for its given He ii/Lyα, and that the other LABs have a
much lower C iv/Lyα ratio, while He ii/Lyα is similar. This spe-
cific line ratio in the inner parts is in agreement with an AGN,
while the ratio of the total nebula indicates SF as the main source
of the Lyα emission (Binette et al. 2006; Villar-Martín et al.
2007; Swinbank et al. 2007), making it necessary the use of the
O iii emission to discriminate between these two scenarios. This
shows the importance of integral field spectroscopy when study-
ing ionization sources.
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e
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Sey2 (Heckman+ 1991)
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This work, core

This work, nebula

Fig. 6. Flux ratio of He ii/Lyα versus C iv/Lyα. The red square corre-
sponds to the central region of the Lyα emission, while the red semi-
transparent diamond corresponds to the full nebula. We compare our
results to the values found in other LABs (green circles, Prescott et al.
2009, 2013), HzRGs (black crosses, Villar-Martín et al. 2007), and ra-
dio loud quasars and Seyfert 2 hosts (blue triangles, Heckman et al.
1991).

Recently, Feltre et al. (2016) published predictions of
UV line ratios for AGNe and SF galaxies. Unfortunately, one of
the main lines that they discuss to separate dominant AGN from
SF galaxies and determine ionization properties is C iii], which
we did not detect due to skylines. Alternatively, they show that
the ratio of O iii]/He ii is able to separate AGNe and SF galaxies
for most values. We measured Log(O iii]/He ii) = 0.35 ± 0.23 in
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Fig. 7. Luminosity and diameter of our target compared to literature
values. The LAB sample is taken from Matsuda et al. (2004, 2011),
Ouchi et al. (2009), Prescott et al. (2013), and Patrício et al. (2016),
the mini-LABs (d < 30 kpc) are from Saito et al. (2006, 2008), the
HzRGs are from Heckman et al. (1991) and Swinbank et al. (2015), and
the QSOs are taken from Christensen et al. (2006), North et al. (2012),
Cantalupo et al. (2014), and Hennawi et al. (2015).

the central source, which indicates that SF is the dominant ioniz-
ing source in the core of the LAB. All other possible line ratios
we were able to measure are consistent with SF being the domi-
nant factor. To exclude possible AGN dominance, we ran a set of
CLOUDY (last described by Ferland et al. 2013) models follow-
ing Arrigoni Battaia et al. (2015a). We found that AGN-powered
nebula have −5.34 < Log(O iii]/He ii) < −1.43, which is incom-
patible with the ratio measured for the central region discussed
here.

We compare the intrinsic luminosity of this source to other
LABs and nebulas reported in the literature in Fig. 7. Clearly, the
LAB studied here is one of the faintest nebula observed to date,
and the faintest for which other emission lines are detected. We
used LLyα of the complete nebula to estimate the SF rate (SFR),
assuming case B recombination and the conversion of Hα to SFR
from Kennicutt (1998), and found SFRLyα ≈ 1.7 M� yr−1. We
note that case B recombination is not occuring in the nebula,
but only in the central star forming region. We assume that the
escaping Lyα photons are then scattered without significant ab-
sorption through the nebula to cause the extended emission.

We performed spectral energy distribution (SED) fitting on
the broadband photometry from 0.4 through 2.4 µm to determine
the stellar mass, stellar age, and SFR (see Karman et al. 2016).
We only considered images A1 and C1, as the photometry of Im-
age B is contaminated by nearby galaxies in several bands. We
find a stellar mass of Log(M?) = 7.94+0.20

−0.16 (7.85+0.20
−0.12) for images

A (C). The SFR and stellar age are less constrained, with best
fit values of SFR = 2+18

−0.4 (2.5+250
−1.5 ) M� yr−1 and Log(age/yr) =

6.6 +1.4
−0.1 (5.8+2.2

−0.4), finding good agreement between SFRLyα and
SFRSED. The galaxy is best fit by dust-poor templates, with
E(B − V) ≤ 0.2, showing that the central Lyα extinction is more
likely due to transfer processes than dust absorption. We used the
best-fitting SED to estimate the continuum flux, and derived an
equivalent width of 110 Å for Lyα , which can be produced by SF
(e.g. Charlot & Fall 1993). From the best-fitting SED, we mea-
sure a UV continuum slope β = −2.09+0.06

−0.10 (−2.18+0.08
−0.22). A young

star-forming galaxy is in agreement with the UV line ratios, and
we showed that it could be the source producing the scattered
Lyα photons. Although the SED fitting (UV slope) does not

suggest large amounts of dust, we cannot exclude some dust at-
tenuation of the Lyα emission and hence an underestimate of the
SFR. We note however that the inclusion of little dust would not
affect our conclusions about the nature of the luminosity of the
nebula.

From the left panels of Fig. 2 we see that the continuum light
of sources A1, B1, and C1 is spatially resolved. We measured
an effective radius of 0′′.11, corresponding to a physical scale of
∼360 pc. Because most of the light is emitted in this resolved
region, most of the light cannot be due to an unresolved point
source, for example an AGN. This further strengthens our con-
clusion that SF is producing the scattered Lyα photons, rather
than an AGN.

In the MUSE footprint we found two other compact
Lyα emitters at the same redshift (z = 3.117), one is also a mul-
tiply lensed galaxy and optically-thin (red circles in Fig. 1, and
a possible Lyman continuum emitter, see Vanzella et al. 2016),
and the other is reported in Table 2 of Karman et al. (2015).
Vanzella et al. (2016) showed also that the optically-thin source
is very young, dust-free and low mass object, belonging to a
low-luminosity domain, L1500 ≈ 0.02L∗z=3, possibly analogue to
the sources responsible for reionization. The distance between
these three objects on the source plane is .103 kpc, indicating
that the LAB is located in a group of galaxies, and possibly a
protocluster.

It is noteworthy that besides the LAB presented here, the
only other multiply lensed LAB (Patrício et al. 2016) also shows
a relatively small and faint Lyα nebula powered by SF, although
it is significantly more massive than the LAB discussed here.
These faint LABs powered by SF are very similar to those ob-
tained in the local Universe, as found by the Lyman Alpha Refer-
ence Sample (Hayes et al. 2013), and indicate that with the new
generation of IFUs in combination with gravitational lensing we
are now probing the CGM of sub-L∗ galaxies at z ∼ 3.

4. Conclusions

In this work, we presented the discovery of a faint multiply
lensed LAB. Using MUSE, we obtained spectral and spatial in-
formation on the Lyα, C iv, He ii, and O iii] lines, which we used
to determine the powering source of this LAB. We used our grav-
itational lensing model to correct for magnification and to recon-
struct intrinsic source properties.

We found an extended Lyα emission region, with a total lu-
minosity of 1.9 × 1042 erg s−1 distributed over a circular area
with a radius of 16.5 kpc on the source plane. The low luminos-
ity makes this Lyα nebula the second faintest observed to date,
and the faintest LAB with detected UV emission lines.

Besides Lyα, we found no other lines with extended emis-
sion, although the He ii flux density is too low to exclude ex-
tended emission. Unlike He ii, the flux density of the C iv emis-
sion is high enough to rule out extended emission, which
indicates that photoionization or shocks cannot be the power-
ing mechanism of this LAB. In addition, the deficit of Lyα at the
centre of the LAB hints at resonant scattering rather than gravi-
tational cooling. The UV-line ratios indicate that the embedded
source in the LAB is SF rather than an AGN.

Interestingly, we confirmed spectroscopically two other
galaxies at very close distance from the LAB. This is in agree-
ment with previous results in the literature that show that
LABs reside in overdensities (Yang et al. 2009). With dedi-
cated observations in the future, one could quantify the galaxy
overdensity and establish the presence of a protocluster behind
AS1063.
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