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Clusters Grow Inside-Out !

Spatial distribution of star-forming galaxies in clusters

Hα emittes at z=0.8 (RXJ1716) [OII] emittes at z=1.5 (XCS2215)



MApping HAlpha and Lines of Oxygen with Subaru (PI: Taddy Kodama)

Target Redshift Reference

XCSJ2215 1.46 Hayashi+10,11

4C65.22 1.52 Koyama+

Q0835 1.53 Shimakawa+

CL0332 1.61 Hayashi+

ClG J0218 1.62 Tadaki+12

PKS1138 2.16 Koyama+12

4C23.56 2.48 Tanaka+11

USS1558 2.53 Hayashi+12

1. Cluster environment (extreme environment)

2. Field environment (unbiased sample)

GOODS-N 2.19 Tadaki+11

SXDF-CANDELS 2.19 Tadaki+

SXDF-CANDELS 2.53 Tadaki+

→ A narrow-band survey of star-forming galaxies at 1.5<z<2.5

MAHALO Subaru project

Hα line at z~2.2

z~2.5z~1.5



Field and area
SXDF-CANDELS

~90 arcmin2

Instrument Subaru/MOIRCS

Filter NB209

z=2.2 emitter 60

Hα emitter survey in CANDELS field

CANDELS  ACS

CANDELS WFC3 MOIRCS survey

Available infrared data in this field
• Spitzer MIPS24um
• Herschel SPIRE, PACS
• ASTE/AzTEC 1.1mm



Global properties of Hα emitters at z=2.2

Color - magnitude diagram 2-D distribution

Red emitters (J-K>1) are located in high density region
Most of red emitter are detected in MIPS 24μm

● red Hα emitters with J-K>1
● blue Hα emitters



Question

Why are red emitters “red” ?

        1. red passive + blue star-forming
        2. dusty starburst

The infrared emission are detected !



Global properties of Hα emitters at z=2.2

1. massive (Mstar>1011M◉), low specific SFR

2. less massive (1010.5M◉<Mstar<1011M◉), high specific SFR

Stellar mass - SFR diagram



WFC3 H160 images

Red and MIPS-detected Hα emitters (Mstar>1011M◉)

irregular, but single core...



ACS V606, i814 + WFC3 H160 images

Red and MIPS-detected Hα emitters (Mstar>1011M◉)

entirely red



n=0.8

n=1.7

n=0.9 n=6.2

n=1.3

n=1.5

n=1.2 n=0.5

Single-component Models with GALFIT (Peng+10)

Red emitters are likely to be dusty starburst galaxies, 
but they don’t show the evidence of major merger/interaction.

Red and MIPS-detected Hα emitters (Mstar>1011M◉)



multiple → merger or clump ?

n=0.8 n=0.4 n=0.8

Red and MIPS-detected Hα emitters (1010.5M◉<Mstar<1011M◉)

WFC3 H160 images



Merger or Clump ?

Forster Schreiber et al. 2011The Astrophysical Journal, 731:65 (35pp), 2011 April 10 Förster Schreiber et al.

Figure 10. Same as Figure 9, but for the three other NIC2 targets: BX 389, BX 610, and BX 482.
(A color version of this figure is available in the online journal.)

detailed comparison is possible for BX 482 with AO-assisted
SINFONI data. Both the lower surface brightness component
and the brighter substructure are comparable between the H160
band and Hα emission. This similarity is reflected in the nearly
equal values of Gini, multiplicity, and M20 coefficients from
the analysis in Section 4.2 (see Figure 7). In the details, there
are however some noticeable differences. In particular, a few
of the brighter peaks, or clumps, visible in the NIC2 or in the Hα
image have no obvious counterparts in the other map. The prop-
erties of the clumps identified in these two images are studied in
Paper II. The central regions of BX 482 also appear to be slightly
brighter in H160-band emission than in Hα emission.

For the other galaxies with lower resolution SINFONI data,
the small-scale substructure is smeared out but the overall H160
band and Hα distributions at 0.′′4–0.′′6 resolution are very similar.
For BX 389, the southern companion that is clearly separated
from the main galaxy in the original NIC2 image is still apparent
at lower resolution as an extension in the outer isophotes. The
well-resolved SE and NW merger components of BX 528, and
the bridge of emission connecting them, blend together and
the PSF-matched NIC2 image strikingly resembles the fairly
regular and centrally concentrated Hα line map. While in most
cases, the general large-scale features of the morphologies are
recognizable at ≈0.′′5 resolution, BX 528 offers an example
where the nature of the system can only be reliably assessed

with the additional information from either the kinematics or
higher spatial resolution data.

5.2. Comparison of Structural Parameters

We performed two-dimensional Sérsic model fits on both the
Hα maps and the PSF-matched NIC2 images using GALFIT,
following the procedure described in Section 4.1.1. For BX 482,
we ran fits on the AO-assisted as well as the seeing-limited
Hα data. For BX 528 and BX 389, we considered only single
component fits since, at the ≈0.′′5 resolution of the SINFONI
data, the merger components are unresolved in the former case,
and the southern companion is blended with the primary galaxy
in the latter. For consistency, fits on the convolved NIC2 images
were restricted to a smaller region corresponding to the deepest
area with effective ≈3.′′8 × 3.′′8 FOV of the SINFONI data at
the 0.′′125 pixel−1 scale, and ≈2.′′3 × 2.′′3 FOV of the AO data at
0.′′05 pixel−1 for BX 482. This reduced area potentially affects
the sky background estimates, degenerate with the profile shape
and half-light radius. The smaller FOV as well as the broader
PSF both contribute to the significantly larger uncertainties for
the fits performed on the lower resolution maps compared to
those using the maps at the original NIC2 resolution. Table 5
reports the best-fit structural parameters and Figure 11 compares
the results from Hα with those from the PSF-matched NIC2 data.
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Our sample

1″



Clump Analysis

WFC3 H160ACS i814

blue clump

red clump

Red Hα emitter consists of red clump and blue clump !

→Red color is coming from this red clump. 

color image (V606,i814,H160)



H160 residualmodel

2-component Models with GALFIT (Peng+10)

n=2.9

n=1.1

n=1.1

n=1.3

n=2.0

n=2.6

The profiles of red clumps show a higher sersic index (n>2) !

color image



Summary

We investigated the morphologies of red Hα emitters.

1. red Hα emitters with M>1011M◉

single core + entirely red + low sersic index
→extreme case of disk star-forming galaxies

2. red Hα emitters with 1010.5M◉<M<1011M◉

pair of red and blue clump + high sersic index
→intense star-formation is triggered by minor merger or 
clump migration

How about in protocluster environments ?
MAHALO-sample will directly reveal it !


