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[CII)158um / FIR

[Ci]158um / FIR

[C 1] as a Tracer of

Gas and SF in Galaxies
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[C ] 157w line is the most
intense far-IR emission line
in normal, SF galaxies — as
much as 1% of total IR
luminosity.

1ISO, ZEUS/CSO, and now
Herschel-PACS have
surveyed a large number of
nearby (and some distant)
galaxies.

Promising tool for studying
SF galaxies in high-z galaxies
(a motivation for SMA)



[C 1] in z=4.7 QSO BR1202-0275

., lono et al. (2006)
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AzTEC1

AzTEC 2

AzTEC3

AzTECA4

AzTEC5S

AzTEC6

AzTEC7

SMA Follow-up of AzTEC 1.1mm Sources
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Young Massive SBs at high-z are Dark

SMA Greyscale: HST i-band, Contours: Subaru r-band

Many are exceedingly faint with /> 25 and r > 27
Younger et al. (2007)



@  COSMOS AzTEC-1 at z=4.67

Smolcic et al. (2011)

* Keck DEIMOS Observations ¢ 20+ bands photometry

— No bright emission line — Zpyor = 4.64+/-0.08

— No clear Lyman break
i =25.3 mag
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SMA 890u Imaging

of AzTEC-1

Younger et al. (2008)

Resolved with the VEX

o

Lt | configuration
g --Sourcesize

| T _ ~0.2” (1.4 kpc)

C AZTECT (VEX) ' + %ZSFRz 880 M@/kpcz
o e e e e e (B LX10% Le/kpe?)

UV Distance [kA]



T, (mK)

0.5

MMMVJLWV IM”’I '” W%L

1 Feb 2014 (2hrs

T l T T T T
- J095942.9 (all data) 0=0.099 mK ]

v ¥ v

l T T T T I

90

Frequency

100

LMT-RSR
Observations of
AzTEC-1

Yun et al. (in prep)

Z(CO) =4.3421 +/- 0.0006




AzTEC-1: SMA [C Il] Observations

Yun et al. (in prep)
Observed on March 1, 2014  S(CI)AV = 13.1 +/- 0.9 Jy km/s
[CIl] at 355.8 GHz and 345 L(Cll) = 7.8 x 10° Lg
GHz continuum L(IR) = 1.7 x 1013 Lo

- z(C 11)=4.3415+/-0.0003 > L(Cl)/L(IR) = 0.00046
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[Ci]158um / FIR

[Ci]158um / FIR

[C lI] in AzTEC-1

&
10'2'- ° .. -
°
&
) .000" 4 o.‘
..00 8o o
107 ° ° =
i 00 °® %% :o.
L 0® o
» & °
107E o’
e ..1.09 , 1‘0'0 . .....1.6” . “1612
Lrr [Lol
T T
@) 02 04 06
1072 . =
10_3_ 7 g O _5
Diaz-Santos et al. (2013) 1

aaaaal "
10° 10" 10"
L g [Le] / ”rzmio-m [W(FWHM;,“/Z)z] [kpcz]

10!2

 SMA observations of [C II]
line in AzZTEC-1 (and
BR1202) extend the
observed local L(CII)/L(FIR)
trend to z=4 galaxies

* These observations also
extend the L(CII)/L(FIR)
relation to higher IR surface
brightness density by
another order of mag

= the deficit in [C Il]] due to an
increase in ionization
parameter <U>?

*



More Intriguing [C II] Observations

25 | BR1202-0725 [ClI] on HST/ACS F814W [CII] on HST/ACS F814W
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SMA [CII] SMA 1mm continuum VLA CO(1-0)

Strongly Lensed

HLSJ091828 Sou rces Bussmann+ (2013)
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Summary

* [CIlI] 157u line provides a highly sensitive tracer
of gas and SF distribution in early Universe.

e SMA Observations of BR1202, AzTEC-1, and
HLSJ091829 extended the local [C II]-FIR
relations to z>4 and supports the “maximum
SB” scenario (and only a minor contribution
from a buried QSO) with high <U>.

 SMA [CIl] studies of highly lensed sources can
potentially yield a valuable new insight on the
“Epoch of Galaxy Growth”, including “normal”
galaxies.




HCG 57: An Interesting Local Example
Alatalo et al. (2014)
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