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What's the origin of the
environmental dependence?

Morpgology(SFH) - Mhalo relation

morphology - density relation

(Dressler 1980)

| I—
| T T T T I T T T T T T T
1+

I 55 Cluster Sample — all Z~O

0.8 -

Splrals

'young é‘

//

fraction
I
(2]

;u

No
— Q)

Nol/little SF

(old) -

log surface der151tv {Mpc2)

log surface density (Mpc2)

Nature? (intrinsic)

Need to go higher redshifts when it

becomes more evident.

Nurture? (external)

Need to go outer infall regions to
see directly what's happening there.
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Why Subaru?

Final cluster with M=6x10"* M , 20x20Mpc? (co-moving)  (Yahagi et al. 2005; v GC)
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RXJ1716 Cluster (z=0.81)
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MApping HAlpha and Lines of Oxygen with Subaru

"MAHALO-Subaru”

- HAWAIIAN ISLAND
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ALOHA STAT!

NB mapping of star forming galaxies at the peak epoch of galaxy formation
Pilot obs (5 nights) + Intensive (10 nights @S10B-11A) + Normal (3 nights @S11B)

environ- | target z line A camera NB-filter conti- | status
ment (pm) nuum | (as of Apr 2012)
Low-2 | CL0024+4-1652 0.395 | Ha  0.916 | Suprime-Cam NB912 2’ Kodama+'04
cluster | CL0939+44713 0.407 | Ha  0.923 | Suprime-Cam NB921 2! Koyama+11
RXJ1716+6708 0.813 | Ha 1.190 MOIRCS NB1190 J Koyama+10
[O 1] 0.676 | Suprime-Cam NA671 R observed
High-> | XCSJ2215-1738 1.457 | [O 1] 0.916 | Suprime-Cam NB912, NB921 2! Hayashi+'10,'11
cluster | 4C65.22 1.516 | Ha  1.651 MOIRCS NB1657 H observed
Q0835+580 1.534 | Ha  1.664 MOIRCS NB1657 H observed
CL0332-2742 1.61 | [O1] 0.973 | Suprime-Cam NB973 Yy Hayashi+ in prep.
CIGJ0218.3-0510 1.62 | [O 1] 0.977 | Suprime-Cam NB973 ] ‘Tadaki+'11b
Proto- PKS1138-262 2.156 Ha 2.071 MOIRCS NB2071 I(S Koyama+ in prep. -
cluster | 4C23.56 2483 | Ha  2.286 MOIRCS NB2288 K. Tanaka+ 11
USS1558-003 2527 | Ha 2315 MOIRCS NB2315 K Hayashi+ 12
General | GOODS-N 2.19 Ha  2.094 MOIRCS NB2095 K. Tadaki+'11a
field (62 arcmin?) HB  1.551 MOIRCS NB1550 H not yet
[On] 1.189 MOIRCS NB1190 J observed
SXDF 2.19 Ha  2.094 MOIRCS NB2095 K Tadaki+ in prep.
(110 arcmin?) HB  1.551 MOIRCS NB1550 H | not yet
[On] 1.189 MOIRCS NB1190 J not yet
2.53 Ho 2313 MOIRCS NB2315 K

Tadaki+ in prep.

Kodama, T. (PI), Hayashi, M., Koyama, Y., Tadaki, K., Tanaka, I., et al.



Unique sets of Narrow-Band Filters on Suprime-Cam and MOIRCS

The existing Suprime-Cam NB-filters capture emission lines from known good targets.
The MOIRCS NB-filters were specifically designed for good targets at frontier redshifts.

Suprime—-Cam filters MOIRCS filters
NB912 NB973 NB1650 NB2071 NB2288
NA671 NB921 NB1190 NB1657 NB2095 NB2315
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: Camera Filter Ac FWHM _ i
4 narrow-band filters 5= NEL100 1 80um—0.014um 7 narrow-band filters

NB1550 1.550pm  0.018um

NB1657 1.656pm  0.019um

NB2071 2.068um  0.027um

NB2095 2.095pm  0.025pum

NB2288 2.288um  0.023um

NB2315 2.313uym  0.027um FWHMSs correspond
Suprime-Cam | NA671 0.6714pm 0.0130pm + -

NB912  09139um 0.0134pm to 1000 3000km/3
NB921  09173um 0.0132pm

NB973  0.9755pum  0.020pm

Y 0.9860pm 0.059um
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RX J1716.6+6708 (z=0.81) XCS J2215.9-1738 (z=1.46)
. MOIRCS + NB119 (Ha) Suprime-Cam + NB912 ([Ol1])
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Broad-band colours (phot-z) are used to identify which emission line is in the NB filter.



Inside-out formation and evolution of galaxy clusters

LIHa emitters at z=0.81 (RXJ1716)
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>SFR/M,, vs. Redshift (z)
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Decline of SF activity by two orders of magnitudes since z~1.5!

Hayashi et al. (2010)



R—J [mag]

Hidden star formation in the red sequence?

Ha emitters and 15um sources on the red sequence!
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Lots of star formation is likely to be hidden in the optical (rest UV) surveys!
Koyama, TK, et al. (2009)
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Emergence of the red-sequence at z~2 in

proto-clusters?
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The red sequence seems to be emerging between z=3 and 2 ( 2 < Tuniv[Gyr] < 3) !
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Ha emitters in proto-clusters at z>2, and in the field
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USS1558-003 proto-cluster at z=2.53

3.4 hrs integration
on NB2315 (Ha)

0.4-0.5" seeing
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A Dec. [arcmin]

USS1558-003 (z=2.53)

Region Area Number Density
O blue HAE (arcmin?) (arcmin—2)
HAE DRG HAE DRG
O red HAE
Clump 1 3.36 15 12 4.46 3.57
® DRG Clump 2 1.64 20 8 12.20  4.88
Clump 3 0.94 8 3 8.51 3.19
A R.A. [Mpc (Comoving)] Clumps 1+2+3 5.94 43 23 7.24  3.87
3 2 1 0 -1-2-3-4-5 Others 21.16 25 19 1.18 0.90
L I LA L L B = All 27.10 68 42 2.51 1.55
3 Lo e 1s SXDF 110.0 0.5
14 == Excess of HAEs is huge! (x24 in clump2 and x5 in All)
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Properties of Ha emitters in the proto-cluster

USS1558-003 (2=2.53) 10 T
Hayashi et al. (2012) accepted & [ £ ]
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Most emitters are less massive (< 1011 M,). SFRs are generally very high!

Significant fraction of red emitters.  Integrated SFR amounts to 1.1x10*M,/yr
Clump-2 may have higher SFR (at 20)

# dust extinction is corrected using the Garn’s calibration between A(Ha) and L(Ha).



Red Ha emitters tend to favor higher density regions!
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(medium density regions) at z~0.5-0.8.
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Clusters Grow Inside-Out |

Tllustrated by Yusei Koyama

s p
@D : passive red galaxy
* : normal SF galaxy
\* : dusty starburst




USS1558 proto-cluster (z=2.53)
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4C23.56 2.48 | Ha 2286 NB2288 MOIRCS | B67,9 C0(3-2)@99 (B3) :‘ O -
1558-003 2.53 | Ho 2315 NB2315 MOIRCS | B769 co@32ees®ms) (Ll | o | o | . | ., .1
SXDF 2.19 | Ha 2094 NB2095 MOIRCS | B76,9  CO(3-2)@108 (B3)
-CANDELS  2.53 | Ha 2315 NB2315 MOIRCS | B76,9 CO(3-2)@98 (B3) 2 1 0 - -2 -3
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CCECDIED
* PISCES is mapping out LSS in and around distant
clusters

* Mahalo-Subaru is mapping out star formation
activities across time and environment at the
peak epoch of galaxy formation and evolution.

» Inside-out propagation of SF in clusters.

+ Accelerated formation of massive & high-SFR
galaxies in proto-clusters at z~2.

* Clumpy nature of HAEs at z>2.



WISH
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Broad-Band Filters

158555 (50) €> M (3-10)x108 M, (z=1) ~
(3-10)x109 M, (z=5)
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Redshift Confirmation

Completeness is high, but lower-z contamination is significant.
1

zspec>2.5
1.3<zspec<2.5
Z <1.3

spec "'

mgg — M, 5 [AB]




AGN/Starburst/Passive separation

Webb et al. (2006)
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Observed [3.6] — [8.0]

SED slope at 1~5um (rest-frame) can discriminate AGN / SB / E.




Narrow-Band Filters 6E:fEITE S (50)

1F RN IE
NB Wavelength Redshift SFR Number /
Filter (Mm) (Ha) (Msunlyr) FoV
NBO1-04 2.19 2.33 / ~1500
3.5 (HB) 50 (~10)
2.69 3.1 ~15
2.95 3.5 ~20 ~200
3.25 3.96 ~30 ~150
5.7 (HB) ~210
NBO1-05 4.41 S.7 87 ~20

NBO1-06 4.97 6.6 252 ??



NB
Filter

NBO1-04

NBO1-05

NBO1-06

Narrow-Band Filters 6B fEITE S (50)

Wavelength
(Hm)
2.19

2.69

2.86

3.39

4.41

4.97

15 R UR4H 1E

Redshift SFR Number /
(Ha) (Msunl/yr) FoV

2.33 7 ~1500
3.37 ([OllI]) 50 (~10)
3.1 ~15
3.37 ~20 ~200
4.11 ~30 ~150
5.7 (Ol])  ~210
5.7 87 ~20

6.6 252 ?7?



WISH-7 Survey  «pueles
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First Light and Re-ionization

Reionization History

H-GP WMAP
re-re-ion re-nutral re-ion
v v v
5 T T T A T T T T T I T T T T T T T T T I T T T T
\ 10M/yr, Av=300km/s
4+ :
Fr .":,
= A
S
3R - 1M/yr, Av=10km/s
P Poby,
L Ay
L L N
A A
sy
A
| | 1 | | | | | | | | | | | | | | | | .‘
% 10 20 Susa et al.

em

Z
Ha: 4.6 7.2 14.8 ym



The End
ﬁ-,") NES S/

WISH

upon a first galaxy....



