Physical Properties of UDF 12 Galaxies
in Cosmological simulations
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Introduction



UDF 12 Galaxies
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Simulation
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Simulation Details
eCosmology : ACDM
(Qm, 2, Qp, h, 0g) = (0.27,0.046,0.73,0.7,0.81)
e Simulation code : Gadget-3
radiative cooling /heating, star formation, SN & galactic wind feedback
sub-particle multiphase ISM model (based on Okamoto et al.2008.2009)
®SED calculation = Stellar mass function
PEGASE.2
®Dust attenuation
metallicity dependence, Calzetti low = UV luminosity function

®IGM transmission

Madau 1994
o Simulation parameter sets
Boxsize : 50Mpc/h
Number of particles: 2 X 6403
Mim : 30 x 10"M,,,
Mg 6.0 x 10°M,,

Minimum halo mass: "109 M.,
Minimum stellar mass: "107M_,,



Stellar Mass Function

IMF : Salpeter IMF
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UV Luminosih! Function
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Virtual Observation
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Color Selections of our Simulations
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2z ~ 7 selection condistions 2z ~ 9 selection condistions

2850 — Y105 > 0.7 (Y105 — J125)/2 — JH140 > 0.75
Y105 — J125 < 0.4 (Y105 — J125)/2 — JH140 > 0.75+ 1.3(JH140 —
+ Y105 < 30, J125 < 30 H1e0)
+ JHq140 < 30, Hig0 < 30

z ~ 8 selection conditions
Y105 — J125 > 0.5 z ~ 10 selection conditions
J125 — H160 < 0.4 J1o5 — Higp > 1.2
+ J125 < 30, Hi60 < 30 JHia0 — Hieo < 1.0

Schenker et al. 2013 + JH140 < 30, Higp <30 Oesch et al. 2013



Results
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Halo Mass & S+ellar Mass
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Stellar mass [Mg]

eoMain sequence O) &A% PH

oquiescent phase EL\5H & LIS,

Stellar mass [Mg]

starburst phase
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What mechanism makes main
sequence like distribution?

oJsEeE UT,. SFR IF dark matter 6) halo NORBETRIFDERE

SFR = fu (&) @M pale

Dark matter O)RFEZEIF (McBride et al. 2009, Ishivama et al.2013).

WAl = 1.79 x 10714 (2) (fhae

F(2) = (14 1.752)/Q2m(1 + 2)3 + Qn
Halo mass & stellar mass O)EE fx Qb/ Qm " 001 EFH &,

1.094
SFR~ (4.3,.7,9.7,.10)x10710 (MMQ)

)1.094

M@ yr‘l

sSFR ~ (0.43,..7,0.97...10) (,{‘A/I—Q Gyr



Discussion



Submm Flux at 350 GHz
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Spectroscopy using [Olll] Line
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Spectroscopy of High-z Galaxies (z>8)
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Alternative Nebular Emission Line
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e ALMA observation ([CII] 157 um)

v Band 6: 211'275 GHz @ 2-59'8.0
v Band 5: 163’211 GHz @ z=-8.0"10.7
v $<0) high-z LAEs T [CIl] B3 DZM > TL\ ()

o [Olll] (88 um) line
v Band 7: 275373 GHz - [Olll] (88 um) @ 2=-80°11.2!

® Simple emit+ting mechanism of [Olll] (88 um) line
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[Olll] (88 um) emission line

HIl region in LMC by Lebouteiller et al. 2012 using Hershel
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[OIIl] Line in Low Metallicity Environment

® Herschel observation
v [OllI]88/[CII1158=1"10 in low metallicity dwarf galaxies at local Universe

® ALMA observation
v Non-detection of [CIl] (158 um) line of many high-z LAEs
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Nebular Metallicity

oNew dgﬂmﬂon for +he me+a|||c!+v of S|mula+ed galaxies
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[Olll] Emission Line Model

Cloudy ¢13.00 (f qtjquq | ef ,ff';zf’.'. 3)

I LI L
— 110fF - -
E;"n B \/E’ _d_,-:ﬂ -
G 2N - i 8 —_—
e - i ‘%f =] A
TS /‘5’&5 m‘ ]
S ' L fl f= . =
; lm -7 T
= o oL L
“\ ° - log,,/ =—3.0 © 1
g — 40.0 =—2.0 87
;I: = — m
ommm — 10_3
& logo{ny/cm ™)
= MEB =(0.0 e
q=) g 39.5 _5 (===
] -
o ¢ Spiral galaxiesV .
ap ©  Adopted _{\}_ Dwarf galaxies X
9 | model S 30 Dor in LMC <
;_39_0 1 1 [ ] ] I 1 1 1 1 I ] 1 1 1 I ] [ ] ] 1 I 1 1 ] [ ]
—2.0 —1.5 —1.0 —0.5 0.0 0.5
log,o(2/Z5)

metallicity



[Olll](88 um) Emitting Galaxies in Light-Cone
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Summary

UDF 12 galaxy Q%iﬂﬂ’ﬂﬁﬁ
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SED samples of our model galast
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Dust Attenuation

® Optical depth at 1500 A

3Zd aq : typical size of dust grains
4ad8 s . material density of dust grains

Td —

® Dust surface mass density
Z Md My : dust mass
d — rq . effective radius of the dust
7T7‘d

® Escape probability of UV photons at 1500 A
fuv =31 +e7 ) + 2 (1 — e )

ok 244FETIL (8 =1 R972ETIL)
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Dust Attenuation
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M,y [AB mag|]

®Dust attenuation (Ay,) is proportional o the UV luminosity,
oUV slope B also is proportional to the UV luminosity.
oUV slope of simulated galaxies is similar 1o observations.
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Star Formahon H|s+or
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®The SFR clearly increases with time,

olt is strongly preferable 1o choose increasing SFR with the time
(e.g., exponentially increasing) for the SED fitting method,

e Typical star formation time scales are 250 Myr (z'7), 180 Myr (z'8),
100 Myr (2'9) and 50 Myr (z2°'10).



Mass Weighted Age
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®Typical ages are 200 Myr (z7), 130 Myr (z'8), 80 Myr (2'9)
and 50 Myr (z2'10).
®The values are similar 1o the typical star formation time scale,



Luminosity map of brightest galaxy

z~7 brightest galaxy z~8 brightest galaxy
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Luminosity profiles (stacked image)
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flux density [erg/s/Hz]
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Calculation Submm flux

® Assumption

 All photons absorbed by dust re-emit as FIR photons.
* Photons source of SMGs is only SF activity,
* 50% metal mass convert 1o dust mass

OFIR flux

L, = 47TMdust’fVBl/(Tdust)

®Dust temperature

L /L
T — o FIR/ LG

dust (Mdust/MG)
®(0bserved flux

Y 4wd%

)1/(4-|-ﬁ)




Selected and Unselected galaxies

What Kind of galaxies does not satisfy the color selection conditions?
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® All the galaxies reside around the redshift boundaries

defined by the color selection,

®There are no galaxies around middle of the redshift ranges,

®The deviation from color selection criteria of the simulated galaxies is
less than 0.4 mag.

®There is no galaxy with a very red UV color,



Selected and Unselected galaxies

B TIF. 400FRiAODIREMENIDHS.

(1) Color selection criteria &i@icd + &L H55<H \1TRIcEES( )
(2) Color selection criteria Ziiglcd + BESCERBITEG)
(3) Color selection criteria ZiflcX5l\ + ERPLHDHL V1 ICEES!)
(4) Color selection criteria &illcXol\ + BESTERBTEIG)

ENENOIRNO) star formation density (SFRD) AOBT 513 ?

fraction

redshift

case (1)

case (2)

case (3)

case (4

Pserp

e f
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0.051 (0.015

28

2~ 9

v~ 10
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)
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)
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0.045 (0.006)
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Calculation of Olll lin
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Ratio between [Olll] Luminosity
and Far-Infrared Luminosity
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Line emissivities
per unit star formation rate

[Sw]  [Nen] [Nem] [Sm] [Sm] [Nem] [Om] [Nm] [Om] [Nu [N

VAYAS log,, ' 10.51 12.81 15.55 18.67  33.47 36.01 51.80 57.21 §8.33 121.7 2064
1.0 —3.0 35.87 40.01 40.00 40.32  40.72 38,05 40.32 40.14 40.56  39.81  30.82
0.4 —3.0 39.09 39.50 40.07 40.10  40.46 39.02 40.33 39.70 40.56  39.04  39.07
0.2 —2.0 40.12 38.38 40.02 3986  40.20 38.97 40.46 39.52 40.69 3767  37.72
0.02 —2.0 39.39 37.43 39.25 39.05  39.36 38.20 39.69 38.74 39.01 36.79  36.85
5% 10~4 —2.0 38.07 35.58 37.75 3r42 3773 36.71 35.18 37.14 35.41 3525  35.31
5% 10-° —2.0 36.22 33.60 35.85 3547  35.T8 34.81 36.29 35.19 36.52 3336 3342




