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Motivation and Background
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Abstract
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1. Introduction
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2. Observations
2.1. Source Selection

e Three LAEs at SDF

Source RA DEC Redshift Reference

IOK-1 13:23:59.80 +27:24:56.0 6.965 lye et al. 2006
SDF J132415.7 13:24:14.70 +27:30:58.0 6.541 Taniguchi et al. 2005
SDF J132498.3  13:24:08.30 +27:15:43.0 6.554 Taniguchi et al. 2005

e Lensed LBG

Source Redshift Reference
MACS0647-JD 10.7T822 Coe et al. 2013




2.2. CARMA Observations
2.3. PdBI Observations

* CARMA Observations
— Source: Three LAEs
— Date: Between 2008 July and 2010 July
— Array configuration: Most compact D and E

— Tuning: ~150 km/s bluer than expected frequency from the redshift
determined by the peak of the Lya line

* PdBI Observations
— Source: Lensed LBG
— Date: 2012 November
— Array configuration: C configuration

— Tuning: 4 WideX frequency set up, covering 80% of photometric
redshift range (z=10.1-11.1)

— Two lensed image (JD1 and JD2) are within 18”



3. Results

3.1. Line emission

No significant emission is detected at redshifted
line frequencies or close to them.

Channel resolution = 50 km/s, similar to the
expected FWHM of the [Cll] emission line.
=> see Sect. 4.1 for detail

The upper limits were estimated assuming that
the source were unresolved.

For LBG, the spectra of the two images were
corrected by primary beam pattern before
combination.
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3.2. Continuum Emission
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3. Results

Summary of Observations and Results for MACS0647JD

Parameter MACS0647-JD1, JD2

Coordinates (J2000) JD1 06:47:55.731,+70:14:35.76
Coordinates (J2000) JD2 06:47:53.112,+70:14:22.94

u (JD1+JD2) ~ 15
Redshift 107104

UV SFR ~ 1 [Mgyr—!]
v 156.7-171.1 [GHz]
Ocont ™ 0.17 mJyb—1
Oline (Setup A)P 3.31 mJyb~!
Oline (Setup B)b 4.12 mJyb—1
Oline (Setup C)P 3.19 mJyb~!
Oline (Setup D)b 6.42 mJyb—1

Liciy (Setup C)° < 6.78 x 107 x (p/15)~1[Lg]
Licin (Setup D)e < 1.36 x 108 x (p/15)~1[Lg)]
Ly €4 (Corrected CMB) < 1.65 x 1011 x (u/15)~1[Lg]
SFR (Lir) (Corrected CMB)® < 28 x (p/15)~! [Mgyr—1]
SFR (Licny) (Setup C)f <5 x (u/15)~1 Mgyr—1]
SFR (Licry)) (Setup D)F <9 x (u/15)~1 Mgyr—!]

Note. — All luminosities upper limits are 3o.

Table 1
Summary of Observations and Results for the LAEs
DEC z® Vobs® Ocont© Oline?  Licm® LEERR' SFRauwcmp®  SFRyyh
J2000.0 GHz mlyb~! mlyb-! 108Lg 1011 Lg Mg yr—! Mgyr—!
13:23:50.80 +27:24:56.0 6.965 238.881 0.19 1.17 <2.05 <6.34 <100.1 ~24
SDF J132415.7 13:24:15.70 +27:30:58.0 6.541 252.154 0.37 2.82 <4.52 <10.3 <177.2 ~34
SDF J132408.3 13:24:08.30 +27:15:43.0 6.554 251.504 0.75 5.67 <10.56 <21.0 <360.9 ~15
Note. — All luminosities upper limits are 3.
Table 2



4. Discussion
4.1. Width of the [CIl] emission line

In the previous studies (Walter et al. 2012b; Ouchi et al. 2013), channel
resolution is 200 km/s, which is motivated by the width of the Lya emission.

=> In this paper, they suggest that the [ClI] line could be narrower than
the previously assumed value.

[CIl] detection on a LAE @ z=4.7 with ALMA (Carilli et al. 2013)

-~ FWHM is ~ 56km/s , one order of magnitude narrower than the width of
Lya emission line of 1100 km/s of the same source (Petijean et al. 1996;
Ohyama et al. 2004).

— This LAE is close to the quasar BRI 1202-0725, but this quasar is unlikely
the source of heating and ionization in the LAE (Ohyama et a. 2004).

— In conclusion, this LAE is not different from the general population of LAE
and [ClI] detection in this LAE can be used as a reference for [ClI] searches
in other LAEs at high-z.



4.1. Width of the [Cll] emission line

* Vallini et al. 2013 simulate the [CIlI] emission in a halo similar to LAE
Himiko @ z=6.6

— They found that 95% of the [ClI] emission is generated in the CNM
(but they did not include PDRs => is it fair ?) , mainly in clumps of
individual size < 3kpc and FWHM of the main peak is ~50 km/s.

— The width of [CII] emission is first order determined by the
gravitational potential of the clumps.

— It may occur that emitting clumps moving around the galaxy could
combine and produce a broader line. However such behavior is not
observed in the simulation.

* They do not discard the possibility of [ClI] lines being broader than their
assumption, but this appears to be plausible.



4.2. CMB effect

The CMB become an important factor to
take into account for observations of objects

at high redshift.

F, [mJy]

In this paper, they take into account de
Cunha et al. 2013 and get following

equation.
F;?/t)fil+z) I B, (Tcmi(z))
.y B, (Taust(2))

* The CMB effects on the [CII] line observations.
However the excited temperature, which is
equal to the kinetic temperature is bigger
enough than CMB, so observed [CII] flux is
similar to the intrinsic flux.
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4.3. Spectral energy distribution of the galaxies

* They scale the SED of NGC 6946 to the 3 sigma upper limits of the mm
observations and integrate from 8 um to 1mm (rest frame) to compute
the IR luminosity (cf. Walter et al. 2012b).

* Estimating the IR luminosity using NGC 6949 without taking into account
the CMB result in a significant underestimation of the luminosity upper
limits.

— LAEs @ z76.6 is 35% higher than without correction. IOK-1 @ z~7 is

50% higher than without correction. MACS0647 is ~3.5 times the IR
luminosity limit.

* For galaxies with cold dust temperature (~25 K), the effect of the CMB on
the observation is very important at high redshift, but it will not greatly
affect the detectability of [ClI] emission.



4.4. Ratio L_[Cll] / L_FIR

The ratioL_[CIl] / L _FIR is a measure of
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4.5. SFR - L_[CIl] relation

1044
Their upper limits for the [CII] luminosity .
fall within the scatter of the SFR - L_[CII], 31| @ <Or 129308 21av1nes
with the exception of SDF J132408.3+27 10 : ieaadi
1543 (and MACS0647JD ?). —_ > HCM 6A

'_"m 10% Y Llyalz=47

Past observations suggest that LAE@
z>6 could fall bellow the relation found i
at low-z. j;loﬂ
=> More observations are needed

1040

1039

102 10} 10° 10! 10° 10°
-1
SFRIM, yr™]



4.6. I0OK-1 Models

Using the same procedure presented in
Vallini et al. 2013, they estimate the
emission of [Cll] for IOK-1 @ z~7.
- SFR=20 M_sun/yr, stellar population
age =10 Myr, Z=Z sun

This simulation does not include the
emission from PDRs and should be seen as
a lower limit.

Most of the [CIl] emission comes from
CNM, and FWHM of the main peak is ~50
km/s.

They present the integrated flux of [CII]
for different combination of metallicities
and stellar population ages.

=> Strong dependency on metallicity.

There is the dependency of stellar
population ages.
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4.7. Spectral resolution
4.8. Atomic mass Estimation

For a Gaussian emission line, with a FWHM of 50 km/s observed at a
channel resolution of 200 km/s, significantly diluted.

— They will recover 38% of the peak flux of the line at a channel
resolution of 200 km/s, and 97% at a channel resolution of 10 km/s.

They use Equation 1 from Hailey-Dunsheath et al. 2010 to get upper limits
to the atomic mass associate with PDRs.

M 0. N AVAE —4
1. :0.77(07LL](,,|)(|4X 10 )
o)

Mg G Xc
I +2exp(—91K/T)+ ngi/n
X
2exp(—91K/T)

— 10K-1<2e8 M _sun, J132415 £ 4e8 M _sun, J132408 < 1e9 M_sun,
MACS0647 £ 6e7 M_sun

— They assume that all [CIlI] would arise from PDRs !



5. Summary and outlook

* They have presented a search for [CllI] emission in three LAEs and in a LBG.

1. They have not detected [Cll] emission line any of our targets.

2. No detection of the FIR continuum is found at a wavelength of 158 um
rest frame.

3. The simulations suggest that the [ClI] line has a width of the order of 50
km/s.

4. The CMB effect must to be taken into account in attempts to detect FIR
continuum in high-z galaxies.

5. Detecting [ClI] line in high-z galaxies is difficult even with ALMA. We
should first try to detect [Cll] in the LAEs with the highest metallicity (?).
LBG with Lya detection may be ideal targets for [ClI] searches at high-z.



BbHyic..

High-z star-forming galaxy [ZH 175 [ClI A TEE T RS A B EDER
B L—2a v hlCFTzEHNTHEY, SEZOVSEEHZT S
BRDSEIZEHERLT-.

—DimEXIZLBE, high-z star-forming galaxy T [CII] line @D FWHM [&~50
km/s EFFLIZH>TWSD TRHIZIZIER [CTHMALEE S EEEEN N EIC
B2 TLD, EIBRENTULNS.

=> [OIl1] 88 pum line I high-z star-forming galaxy £R;811Z#& LT [ClI] line
[CERS>THRDOYSBHRTUIYILBHLDTIE?

— [oN] [T L2IZEBLI=fEE NS SN SHD T CNM clump hhicdD
AT M ZERIZE [Cl] &Y E FWHM DL ULD TIEERL DN (cf. fig. 8) ?

— High-z TIZ [011] line A\ <ERBIESN S AT BETE D8 S (Inoue et al.
2014).

— [Ol] CHIBTELIMEELLTIIHIALERMARADEELNHD
(Ferkinhoff et al. 2010).



