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Credits: NASA, ESA, CSA, STScl . . Stephan’s Quintet



Hierarchical Mass Assembly in the CDM Universe

Numerical simulations at http://4d2u.nao.ac.jp/

12.5 Gyrs ago

Cluster scale

Galaxy scale

10 Gyrs ago

Present-day

Yahagi et al. Saito et al.

Small objects form first, they drag each other by gravity, merge together,
and grow to more massive objects with cosmic times
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Short wavelength  Area (deg?)
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GREX-PLUS will sample rest-frame optical light including Balmer break feature
and can construct stellar mass selected galaxies back to z=10!



GREX-PLUS sensitivity to stellar mass back to z~8

Mgtars = 108 M (z=1) ~ 109 M, (z=8)
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- G—REX sensitivity to stellar mass .
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Trace galaxies with stellar mass down to 1/100 of MW back to z=8-10 (96% of the cosmic time).



Mass assembly history (SF and mergers) of galaxies:
Stellar mass functions back to z~10

ULTRA-VISTA (COSMOS)  Muzzin et al. (2013)
100K galaxies over a 1.62 deg? field down to K;=23.4 (AB)

Quiescent Star Forming_;

+0.2<2<0.5
-0.5<2<1.0
r 1.0<2<1.5
T 1.5<2<2.0
+ 2.0<2<2.5
- 2.5<2<3.0
-61 3.0<2<4.0

i
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Down to 1 x 109 M, back to z~8-10 with G-REX (1hr/band)



Hunting High-z Monsters !
Massive quiescent galaxies with strong Balmer abs. lines at z~3.7

ZF-COSMOS-20115 at z=3.717, 1.5 x 10" M, K(AB) =22.4

Gla: Early star-formation rate (Mg, yr~) 1ore (24) samples
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The existence of such massive high-z monsters, and/or their old stellar
populations, can put strong constraints on cosmology & galaxy formation theory.



RUBY-RUSH

Red Ultra-massive Billion-YeaR-Universe SHiners

(Kodama et al., Tadaki et al.)
SWIMS MBFs (K1, K2, and K3) will capture the Balmer-break to z=5

Z =

L

0.6

A colour
track for
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@® =450 475 ]
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Toshikawa et al.

GREX-PLUS can go up to z~10 !

K2 - K3 [mag]

| K2—K3 Ivslregjshiftl

1.0 T
' r-drop (HSC)
0.8 ﬂ
0.6
o
0.2
|

Redshift

K2-K3 can neatly capture Balmer break
at 4.6<z<5.1 (same as the r-drop range)

Tadaki et al.
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Large scale structures traced by star forming galaxies (Lya, Ha)
Dual NB survey (Lya, Ha) of USS1558 at z=2.53 MOIRCS (7’ x 4') - NB2315 (Ha)
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Dual emitters (LAE&HAE) avoid the dense clumps! AR.A. [ph-Mpc]

—> Dense cores are enshrouded by HI gas or dust Shimakawa et al. (2017)



0.

widexany A lomoving Goe)J\/_gelected (LBGs) protoclusters at high-z

0 0.2 0.4 0.6 0.8 1.0 1.2

0.5 Table 1. Fields in the HSC-SSP S16A data release.
#10.4 Name RA Dec Effective area [deg?|
0.3
Wide-XMM 1h36m005-3h00™ 00 —6°00"00"-—2°0000" 31.3
0.2 Wide-WIDE 12H 11h40m005-12P20m005  —2°00'00"-2°00'00”" 17.0
0.1 Wide-GAMA15H 14h00m005-15P00™00°  —2°00'00"-2°00'00" 39.3
' Wide-HECTOMAP  15"00m005-17"00m00°  42°00'00”—45°00'00" 12.6
7 o 5§-0 Wide-VVDS 22h00™m005-23P20™00°  —2°00'00"-3°00'00" 20.7
Wide-WIDE12H
0 0.2

0.4 0.6 0.8

Great Optically Luminous Dropout

Wide-GAMA15H Research Using Subaru HSC
)

0 0.2 0.4 0.6 0.8 1.(

1.2 1.4 1.6 1.8

ADecl. (comoving Gpe)

HSC-SSP survey has been identifying
numerous proto-cluster candidates
at 2<z<6 with LBG technique.

0.0

‘ .'H 332
R.A. (degree)

2 3 [ 5 ¢ Cons: SF-limited, dust extinction

overdensity (o)



NIR (rest-frame optical) wide-field observation is essential to probe
stellar-mass-selected LSSs/protoclusters at high-z

Spltler et al. (2012) ~5|\/|pC on a side |
z-FOURGE K< 24.8%2=2.1-2.3 -

N-body simulation
Springel et al. 2005
. 31.25 Mpc/h

500 kpc = 1 arcmin

K-band and J1,J2 selected LSS at z~2
GREX-PLUS FoV = 30 arcmin = 45 Mpc (z=2) and 70 Mpc (z=5~8) in co-moving scale

Grims/NB (optional) can also trace Ha emitters (SFGs) to z~7 in coordination with HSC Lya emitters.
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