FFEETIEIJWST, TMT, WISHIC[E)UFTZ

IR AR = IND RASER R DR FRAR 1 pI S

SHD:EE z ~ 7 LAE®D HII region tCROIELRD A

BaK —HE (RERKRF)



Detectability of Line emission at Very H|gh Z
® Lya line o b

v z > 8 78R BEHNINERL

v IGM IRURHBEEHLTZSD ?

Brammer et al. 2013., Treu et al. 2013., Finkelstein et al. 2013
® [ClI]158um line

v’ ALMA OERVVI—45yk

v Z<M high-z LAEs T [CII] BE#RIZN2>TLRL
v High-z ((47<(FE LAE like BRRAMEZ TB

v' ZE(C PDR {EIRDIELRDIZHIREIHEABNE

® [O111]88um line

v Metal (Z > 0.01Z_,,) & HII region A& NIEFH TS el
v' HII region #EilROIERRDIZHIMGIHEEN G B
v ALMA ORLWI—-5Fwh (Inoue, IS, et al. 2014)

® UV to optical line

/ JWST, TMT OBV HI—FyNRD53
v WISH EICIOTUAIBIRETI-Ty M RDIIBN3 =
v' CIII]1909 (FEFFEHIEN TS (Stark et al. 2014b) e«lii

25 26 2'7 28 29 30

v [OI1]3727, [OI11]4959, 5007 &BAZERN(EAHE =" 4

s 3 +
10.13 @ SDF J1324083+271543
] & MACSDEAT-|0

-1
Ll(,,”[erg s'1]
= =

10.00F

density [md




Cosmological Hydrodynamic Simulation

® Cosmology (Plank 1st year)

(Qm, p, U, h, 0g) = (0.3175,0.6825,0.049,0.6711,0.8344)

® Simulation code :Gadeget3

radiative cooling/heating, star formation, SN & galactic wind feedback,
radiation pressure, AGN like feedback (Okamoto et al.2008, 2009, 2014)

high-z "5 low-z (CBIF2R4 RERAIZHBIRIT3ET I

v' Stellar mass function (0 < z < 7)

v’ Star formation history

v' Mass-metallicity relation

v' Downsizing

v’ Star formation efficiency (Moster plot)

® Simulation setup

Boxsize : 50Mpc3/h3
Number of particles : 2 x 12803 Minimum halo mass: ~108 M,
Mar : 4.4 x 10°M,, Minimum stellar mass: ~106M_,,

M, 8.1 x 105 M_,,

gas



Calculatlon of Galaxy SED

¥ [eMpe/h]
i
ia
1

11.25 . '

af.n
¥ [n: I-.1|:u:..-’h]

®Age

®Metallicity

8.5

¥ [eMipe/h]
—
L

11.25

m—

2 [eMpesn] T

Calculation of intrinsic SED of galaxy

A) PEGASE2 THSNMUBE>THULE. SED data Z#% star cluster (C7H1>
B) & star cluster ® SED ZEUL&NDES

C) Nebular continuum & PEGASE2 T:t&
D) JK3RODIERR(L case B TTOMMDIERR(L Inoue 2011 Z2fES (L, = alyp)
Intrinsic SED = stellar continuum + nebular continuum & line

y [-EMFIE-CI h]
[y
L

11.25

I'.'I|:l|:|II||: iy

ae.D 2855
x [eMpe/h)
Simulation THRZERAIANOE: star cluster data (EBKEDHERTETRW)
®IMF (Chabrier IMF)
®Current Mass (SN T mass loss 937c&)
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Example of High-z Galaxy SED

Stellar continuum+ nebular continuum & line
33 m— S . —
LO™ | O
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on | i
10 —Lya [C?III] o 1

1‘3’3]lc111] [Oil |

T )
L
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|

J
)
o
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| —
-
4N
L
|

|

o2
D
oo

m::lc:: 10* 1::} 10° 107
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Calculation of Galaxy SED

Calculation of dust attenuation at UV (= 1500A)
_1-0
fuv =13%(1 4 €7@) + 2(1 — ™)

32 4 5, — e Mmetal =g ion H\53
— = e, etal simulation N'53k&3%
d 4as - >d T

&:slab fraction,(0~1), a:dust grain size (0.05 um), s:dust grain density (2.5 g/cm?3)
UV luminosity function ZEBIRI DL, /N5X—=4 O, e, ZiAEE

Calculation of dust attenuation at the other wavelength

® Calzetti law (Calzetti et al. 2000) = &F 4 Extinction law XtiSE]EE
Calculation of dust attenuation for line

® Calzetti law, e.g., E(B - V)« = 0.44E(B - V)46
Calculation of IGM absorption (A < 1216A)

® Madau 1994 = Inoue, IS et al. 2014 (CEXZFE



Calculation of Galaxy SED

Calculation of dust emission (e.g., Shimizu et al. 2012)

v" Dust mass (&. metal mass ® 50%
v’ Dust (CIRUNEN Tz, &F(E FIR TIARTHERN

® Dust temperature

Ty = o (4)

M
L]/ — 47TMdKJVB]/(Td)
b
= o ()
Lg= [[LI" — 139 dy = [ L,dv

® Dust emission

£, = (1+2)L,(142)
Y 4ﬂd2




Example of High-z Galaxy SED

Stellar continuum+ nebular continuum & line + dust emission
IDSE E_|_III| 1 1 IIIIII|

~ [OlI}—,
1032 ;
T o f [OIII] Ha
E;m va
5 10% i \[on
= N
= 10%° —\T ,l ;
- . .
1028 [ f- U ;
é. | L b i gl i 8 1 awiail i o9 i i waail L1 v aaanl é
1000 10* 10° 10° 107

Wavelength [A]



Stellar Mass Functions (7 < z < 15)

A z~7 obs.

107 108 10° 1010
Stellar mass [M] :



UV Luminosity Functions (7 < z < 15)

-|I—_I ﬂui -|I—_I ﬂli ! |
| | ;—:,.""-l?
— e -
= 0.01 T 0.0 ._._._._._.i:rg
T T ;
Ly Lh | o] 2
2 qp e
'-5- '-5- " e— |
= 157 _ = 107
o s 28 phs o :
}* e 2~0 phs }* [
g - 17 | o = 107 AN .
—22 —20 -18 —-16 —22 —20 -18 —-16

Absolute UV magnitude [4B mag] Absolute UY magnitude [4B mag]
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Transmission

Hubble Broad Band Filters

|
03I
™
ol . 1125
A \ 10 en o 1160
" J105_..;r;4_,,-~5¢r " Ty
f V50! i |
04 :' ;
0.2} ,' |
[ f _
9 R . A |
2000 4000 GO0 =000 | 000 | 2000 | 4000 | G000

Wavelength [Angstrom]

1 5000

11



Color Selected Galaxies in Light-Cone

o & HIL[EU color selection T&IRAIREOIRAZEE
(z=7, 8, 10:Bouwens et al. 14, z=9:0esch et al. 13)

H160 < 30 (for Hubble)

9.2 10 10.5 11 11.5 12

9
Redshift

RS e
10.5 i1 115 12

FOV ~ 0.16 deg?

9
Redshift
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HST+ JWST & TMT

JWST/NIRSPEC 0.6 ~ 5 pm
TMT/IRMS 0.8 ~ 2.5 ym
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Hydrogen recombination lines

. T | [HE]3727
i :rEI o L
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WISH + JWST & TMT

JWST/NIRSPEC 0.6 ~ 5 pm
TMT/IRMS 0.8 ~ 2.5 ym



WISH Blroa.d B.andl FiI’.cers.
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Simulated Galaxies in Light-Cone

®\WISH color selections for z~9, 11, 15

Detectlon I|m|t < 28 mag (for W|sh)

FOV ~ 0.14 deg?
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Color Selection Efficiency
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Metal
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Hydrogen recombination
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Summary

®[OIII] 88 micron (& ALMA ORWI—=4vhk

vWISH FTERIY—JYNISRIBZ TUK(ET
vH < 28 T z~10 THR#AET ALMA TEUAITIEE

®CIII]1909 [ TMT/ELT MELW—4wh
vERSAIIEIS £ SREL TLESE, BUAITERO\ETREIED
®Optical [OIII], Ha, HB (& JIWST ORWI—4vk

v'ISM physics 1 chemical condition
v/[OIII]5007 line (& WBO05 < 29 Tohn(d&7HIa] e

OWISH T5% 10 < z < 13 0IRIHZ < RRETN3(ET

v IJWST 1° TMT/ELT RETIAO—PYTHAERTIR
v'CIII], Ha, HB, [OIII]5007 hELERY—T Yy h ?
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