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Submm Observation

ALMA bands are

suitable for high redshift.

T,«=42K

Lp=14x1012L,
Arp 220 (Totani & Takeuchi 2002)

Detection limits:
100 arcmin? survey with 500 h
(Y. Tamura)
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Cosmic Infrared Background
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important as stellar
optical emission in
star formation
activities of galaxies.

Fujimoto et al. (2016)

CIB sources at 1.2 mm have been
almost resolved into sources.



Toward Galaxies in the
Epoch of Reionization

(z>6)



LBG at z = 7.5 Detected by ALMA

Watson et al. (2015)
® atz="7.5 (lensed LBG)

Stellar mass ~ 2x10° M
SFR ~ 10 My /yr



LBGs at High z
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Dust growth by
accretion 1n the dense
ISM 1s important for
the z =7.5 galaxy.



3. Dust Enrichment at High Redshift

Gas

“Chemical evolution model” of galaxies
(Gas = Star = metal/dust injection

dMgas
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Supply from stars

CSN = TSN/TSF
Cacc — Tacc(zsun)/ TSF
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Analysis Using Dust Evolution Model

Wang, Hirashita & Hou (2016)
(1) One-zone model including dust formation (stellar
sources + accretion) and destruction (SNe).

(2) Dust emission 1s calculated consistently with the stellar
radiation field and dust mass.

CSN = TSN/TSF
Cacc — Tacc(zsun)/ TSF
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Constraint from the z=7.5 LBG

Additional constraint Wang, Hirashita, & Hou (2016)
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Constraint from the z=7.5 LBG

Wang, Hirashita, & Hou (2016)
By allowing for metal-rich solutions
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ALMA Detection of LBGs atz>6

Requires...
Wang, Hirashita, & Hou (2016)

(1) Very efficient grain growth by accretion (10—-100 times
more efficient than nearby galaxies) if their metallicities
are <~ 0.1 Zy (Mancini et al. 2015);

(2) They are solar-metallicity objects; or
(3) Very high condensation efficiency in stellar ejecta.



Toward SKA (Era)

(1) Deeper ALMA observations.
(2) Development of dust evolution models and radiation

transfer codes. — Escape fraction of 10nizing photons.
(3) Relation with gas components ([C I1], [O ILI], CO).

" Theoretical modeling

— Inoue et al. (2016)
Relation to H 1.
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Thank you.



SFRD [M _yr ! Mpc ]

SFR Traced by Dust Emission
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—»— Vaccari et al, {in prep.)

—— Hopkins & Beacom (2006)

-4~ Barger et al. (2012)
weses Fit from this work
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redshift
Burgarella et al. (2013)
See also Takeuchi et al. (2005)

Star formation

| rate traced by FIR
| dust emission

becomes more
and more
important as we

1 go to the epoch of

-- Berhoozi, Wechsler & Cohroy (201 34. ‘

SFR peak.



100

uasars : ]
Q age < 1 Gyr Bertoldi et al. (2003)
M gy M, Mgy SIn” i

No. QSO Z (10° Mp) | (10" M) (10" M) % (K)

l J0338+0021 | 5.03 7.1+0.6 2:24 3.0 31 45.64

2 J0840+5624 | 585 4.7+009 2.50 24.2b 53 s

3 J0927+42001 | 5.77 7.2+1.1 1.8” 11.8” 25 Si.1°

4  J1044-0125 | 5.74 2.7+0.6 0.7 0.8” 26 ..

5  J1048+4637 | 623 43+0.6 1.0° 4.5° 23 <4()°

6  J1148+5251 | 642 5.9+0.7 1.6 4.5¢ 27  55.0/

7 J133543533 | 593 34+07 1.8” < be 53

8  J142543254 | 585 3.3+0.7 2.0° 15.6" 60

9  J2054-0005 | 6.06 3.4+0.8 1.2b 4.2b 35

Michatowski et al. (2010)



Dec (J2000)

LBGsatz~6
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Poor Dust Content in Lyo Emitters

I - ——— Ouchi et al. (2013)
10* § Strong upper limit 5
| put by ALMA “Himiko”’
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Inefficient FIR emission compared with nearby galaxies.



Indicator of total dust absorption

0g,4(Lig/L 1600)
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LBGs atz=5-6

N

Meurer et al. (1999) (Calzetti like dust)
+ Pettini et al. (1998) (SMC like dust)

This work, detections
This work, upper limits

This work, mean of undetected

Capak et al. (2015): z=5-6

cr extinction curve
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