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The SPT-DSFGs
Lensing models

The redshift search & distribution

he APEX [CII] survey
Other CO and fine-structure lines

Conclusion
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The South Pole Telescope survey

The South Pole Telescope Pl: John Carlstrom
Goal: Cosmological survey to study CMB fine structure
and Sunyaev—Zel'dovich signal from Galaxy
clusters
Area: 2500 deg2

Wavelengths: 3, 2 and 1.4 mm (typical rms at 1 mm ~3.5 mJy)

Large sample of rare ultra

Bonus: bright sources

Funded by
NSF

Carlstrom et al. 201 |
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The SPT SMGs

Selection based on the slope of the 1.4 mm and
2.0 mm fluxes.

dN(exceeding SNR 4.5 in both bands)/da

2 0 2 4
Vieira et al. 2010 Spectral index B

IRAS counterparts excluded
Excluding low z counterparts

SUMSS counterp.)arts excluded

Excluding high synchrotron emission sources
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SPT DSFGs

Justin Spilker

A -
Yashar Hezaveh

Dan Marrone

Lensing models

Lensing models based on ALMA

z distribution

SPT0113-46

[Cll] survey  Other lines

Conclusion

HSTNVFCB & Clean Image

Model & Residuals| ‘* \

(]

Source Plane & Model
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Lens modeling done in uv-plane: correct handling of phase errors

Spilker et al. 2016
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Physical parameters from lensing models
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eMagnifications p up to 30, median 6.3.
®Size distribution similar to unlensed samples.
e Allows to study surface brightness distributions.

Spilker et al. 2016 page 8
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Resolved CO(1 -0) & (3-2) models W|th ATCA

I
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eEvidence for a major merger.
eSeparation of 1.3 kpc possible thanks to lensing.
oNext step: 0.3” [CllI] mapping with ALMA to obtain resolved Schmidt-Kennicutt diagrams.

Spilker et al. 2015 page 9
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Blind redshift survey with ALMA
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ALMA band 3 as a redshift machine

Lensing models

z distribution

[Cll] survey  Other lines
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Overview of ALMA Cycle 0 spectra
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Solving single line ambiguities
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Solving single line ambiguities

- SPT2340-59
100.0 ¢

10.0 ¢

S, [mJy]

1.0

0.1

0.12f

0.10 |
0.08f

0.06

Probability

0.04}

0.02}

0.00 L

20 30 40 50 60
Dust Temperature (K)

page 14



SPT DSFGs  Lensing models  z distribution [Cll] survey Otherlines Conclusion

Solving single line ambiguities
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Solving single line ambiguities
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Solving single line ambiguities
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Redshift Confirmation

Velocity offset (km s~ 2)
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Redshift Confirmation
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Why are the SPT DSFGs at higher redshift?
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Comparing [CII] with LFIR and CO
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Lensing models

z distribution

[Cll] survey Other lines

Implications of the constant [CII]/CO ratio

e Comparison of source functions shows that observed [CII]/CO ratio implies moderate
optical depth up to 1 and Tex([Cll]) > Tex(CO).
e mplies medium of separated CO and [CIl] emitting gas like in PDR models.
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ATCA low-J CO survey
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® High S/N detections in <10h in 17 sources.
® Combined with source sizes from lens models = Mgyn — gas fraction.
® (Gas fraction appears to be constant or slowly decreasing at z>2.
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Advantages and uncertainties of [CI]
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eCombine [CI] with [CIl] and CO(1-0) to constrain
PDR models.
e 3D-PDR models suggest denser ISM than
previous models.
o[Cl] provides alternative M(H>) tracer:
= ndependent aco determination
= Nneeds assumption on Xci
= distribution of flux between both [Cl] lines may
vary substantially with excitation e.g in AGN.
= nformal discussion on Friday
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Flux density (mJy/beam)

[CI] 370um survey with APEX/SEPIA

oFirst [Cl] 2-1 370um detections with APEX/SHFI.

eNew band 5 receiver in SEPIA covers [Cl]370um at 2.8<z<4.1, large
overlap with [CI] 1-0 690um in ALMA band 9.

e Observations just started, showing variations in CO(7-6)/[CI]690um ratio.
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Béthermin, Gullberg et al.
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Other fine-structure lines

e\Vith 59 bright DSFGs covering 1.9<z<6.9, the SPT sample is ideally

suited to start surveys of all bright far-IR FSL:

= check if [Cll] deficit also holds for other FSL
= use line ratios to constrain density, temperature, HII/PDR fraction,

lonization parameter, metallicity, ...
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Conclusions

The SPT DSFG sources are almost all lensed by
foreground galaxies, with a median magnification p=6.3.

We have determined unambiguous redshifts for 59 sources out to
7=6.9, and with median z=3.9+0.4.

The higher redshift compared to other DSFGs is mostly due to
the longer selection wavelength and gravitational lensing.

Systematic studies of low-J CO and FSL like [Cll] and [Cl]
provide key diagnostics of the ISM: H2 mass, line opacities, ...

More FSL surveys ([Ol]63um, [Oll]88um, ...) are becoming
possible thanks to wide redshift coverage of SPT sample.
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