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We present a detailed study of the infrared emission of the giant arc in the lensing cluster MACSJ0451+0006 with Herschel. This cluster
was observed with both PACS and SPIRE as part of the Herschel Lensing Survey (HLS). The arc has a length of 20” and can, therefore, be
decomposed in at least two components up to 250um. We observe an excess of hot dust emission in the southern part of the arc, which
we attribute to the presence of an obscured AGN. The arc is formed by the strong lensing (i = 49) of a single source galaxy at z = 2.014
with a moderate instrinsic star formation rate (= 10 Mg yr?) and stellar mass (= 5 x 10° Mg), making it representative of the bulk of the
galaxy population at z = 2. The reconstructed morphology of the galaxy suggests an on-going merger. These results are in line with the
common picture of AGN-galaxy co-evolution, but provide an example of such evolution taking place in a normal average galaxy at z = 2.

SOURCE-PLANE RECONSTRUCTION

The giant arc in the massive galaxy cluster MACSJ0451+0006 is created by the fortuitous alignment of the cluster
and a galaxy at z = 2.014. Part of the galaxy crosses into a caustic region of the cluster in the source plane. The
source is therefore strongly lensed: it has an average magnification factor of u = 49. The part of the galaxy
located inside the caustic is doubly-imaged and forms the northern part of the arc, whereas the southern part
consists of a single stretched image of the rest of the galaxy. The arc was observed with, among others, the
NIRSPEC spectrograph on the Keck II telescope (Richard et al. 2011), the OSIRIS IFU (Jones et al. 2010), and in CO
with the plateau de Bure interferometer (Dessauges-Zavadsky et al. in preparation). The cluster has also been
imaged with several telescopes including HST and Chandra (P.l. H. Ebeling) as well as with Spitzer/IRAC (channels
1 & 2 only) and Herschel (with both PACS and SPIRE) as part of the IRAC and Herschel Lensing Surveys (Egami et
al. 2010). Figure 1 shows an RGB composite HST image of the arc, along with a source plane reconstruction in
the F814W band. The source plane reconstruction is based on the mass model of Richard et al. (2011), and
suggests an on-going merger. The integrated Ha flux of the galaxy translates into a star formation rate of = 10
Mg yr (Jones et al. 2010) and a full UV-to-NIR SED analysis constrains its stellar mass to = 5 x 10° M, (Sklias et

al. 2013). These moderate properties make this galaxy an average and representative z = 2 main-sequence galaxy. FIGURE 1: HST/F140W, F814W and F606W RGB composite image of the arc along with
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a source-plane reconstruction in F814W. The morphology suggests a merger.

—— Southern part
Northern port

°

We have analyzed the multi-wavelength imaging dataset of the arc in a self-consistent manner. Part of these results are presented in
Sklias et al. (2013), as well as in two companions posters by P. Sklias and D. Schaerer. Here, we focus on the IR emission as probed by
Herschel. Figure 3 shows images of the arc overlaid in redscale consecutively with the PACS 100um, 160um, and the SPIRE 250, 350
and 500um maps. From the PACS 100um map, we observe a striking difference in the IR emission of the southern and northern parts
of the arc, a difference that is not reproduced at other optical or IR wavelengths. We analyze the northern and southern components
independently. In order to separate them, from each other as well as from surrounding sources, we use optical priors to fix the position
of potential infrared bright sources and employ a PSF-fitting maximum likelihood algorithm to simultaneously solve for the flux of these
sources (Guillaume et al. 2006, Zamojski 2008, Vibert et al. 2009). Starting at 100um, we initially split the arc into three point sources:
one for the south, and one for each of the northern images. We find the ratio of the fluxes of the two northern images to match the
ratio of their magnification. We therefore fix this ratio when solving for the flux at 160um and 250um, effectively making it only two
independent components. At 350um and 500um, the resolution becomes too coarse to allow us to even separate the northern and
southern parts. At these wavelength we, therefore, simply fix the ratios of all parts of the arc to those measured at 250um. The
resulting SEDs of the northern and southern components are shown in Figure 2. They imply total intrinsic (i.e. after correcting for the
magnification) IR-luminosities of 0.6 x 10! L, in the north and 1.9 x 10! Lg in the south.
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FIGURE 2: Best-fit SEDs of the northern and southern parts
of the arc. The southern component shows an excess of
hot dust emission at A, < 60pum.

PACS 100um (160um contours) PACS 160um (160um cantours) SPIRE 250um (160um contours) SPIRE 350um (160um contours) SPIRE 500um (160um contours)
T T T T = T T T T i T T T T i T T =5 T T T T T

15[F

FIGURE 3
Arc Seconds

- AN

-5 -0 -15 1
Arc Seconds Arc Seconds Arc Seconds Arc Seconds Arc Seconds

-5 -10  -15

r 1 —— Best AGN+SB fit based on Mullaney et al. (2011)
mean local AGN intrinsic infrared SED

Figure 2 shows the separate best-fit SEDs of the northern and southern parts of
the arc. The SEDs are similar at long wavelengths but diverge shortward of 60um
restframe. The excess emission observed at 30um restframe in the southern part of
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the arc cannot be reproduced with any starburst template. It requires an additional & —— SB component
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estimate the AGN contribution by decomposing the IR emission of the southern part £ “N.=15,q=2.0, 7, = 100
of the arc into an AGN and a starburst component using the procedure of Mullaney % .0 ¢ ! v

et al. (2011), which combines an empirical AGN template with one of a series of
starburst templates in proportions that best fit the observed SED. This is illustrated in
Figure 4. Depending on the choice of starburst template, we find that the IR-
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luminosity of the southern component comes at only 30—50% from the host and is, I 1 15 (a) ' ' '
therefore, dominated by the AGN. The inferred luminosity of the AGN is LA®N, = 1.0 x 1o . . AGN
10! L. When accounting for only the starburst component, the infrared flux of the 1 10 100 1.0¢ 1
is split between the northern and the southern parts in the same proportions as seaifreme wanslengls () =
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(Mullaney et al. 2011), and suggests a high level of obscuration. to match the IRAC photometry.
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