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The South Pole Telescope survey

2500 deg2

DEC: -55 deg

Carlstrom et al. 2011

The South Pole Telescope

Goal:

Area: 

Wavelengths:

Bonus: 

PI: John Carlstrom
Cosmological survey to study CMB fine structure 
and Sunyaev–Zel'dovich signal from Galaxy 
clusters

2500 deg2 

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

Large sample of rare ultra 
bright sources

The South Pole Telescope
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Selection based on the slope of the 1.4 mm and 
2.0 mm fluxes.Dust

Synchrotron

Vieira et al. 2010

112 sources with
S1.4mm > 15 mJy

IRAS counterparts excluded 
Excluding low z counterparts

SUMSS counterparts excluded
Excluding high synchrotron emission sources

The SPT SMGs
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10-band SEDs
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Thomas Greve

Greve et al. 2012

•SPT 3, 2, 1.4mm
•LABOCA 850µm
•SPIRE 500, 350, 250µm
•PACS 160, 100, 70µm



Stellar masses

page 6

SPT DSFGs z distribution Conclusion[CII] survey Other linesLensing models

Jingzhe Ma

Ma et al. 2015

•Complicated due to 
foreground lens dominating 
in the optical.
•Use HST imaging to model 
and deblend IRAC images.
•SPT DSFGs appear slightly 
above the main sequence.
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Lensing models based on ALMA
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Lens modeling done in uv-plane: correct handling of phase errors
Spilker et al. 2016

Justin Spilker

Yashar Hezaveh

Dan Marrone



Physical parameters from lensing models
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•Magnifications µ up to 30, median 6.3.
•Size distribution similar to unlensed samples.
•Allows to study surface brightness distributions.

Spilker et al. 2016



Resolved CO(1-0) & (3-2) models with ATCA
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•Evidence for a major merger.
•Separation of 1.3 kpc possible thanks to lensing.
•Next step: 0.3” [CII] mapping with ALMA to obtain resolved Schmidt-Kennicutt diagrams.

Spilker et al. 2015



Blind redshift survey with ALMA
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5 tunings
2 mJy @ 100km/s

Cy0 -19 min per source (16 antennas)
Cy1 - 10 min per source (32 antennas)
Cy3 - 10 min per source (36 antennas)

No problem with 
counterpart identification

SPT DSFGs z distribution Conclusion[CII] survey Other linesLensing models

Maria Strandet

Axel Weiß



ALMA band 3 as a redshift machine
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= 2 lines, unambiguous z= 1 line, ambiguous z= 0 lines, z desert



Overview of ALMA Cycle 0 spectra
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200 300 400 500 600 700 800

SPT0452−50  z=2.010

SPT0551−50  z=2.123

SPT0512−59  z=2.233

SPT0125−47  z=2.515

SPT2134−50  z=2.780

SPT0103−45  z=3.092

SPT0550−53  z=3.129

SPT0529−54  z=3.369

SPT0532−50  z=3.399

SPT0300−46  z=3.596

SPT0459−58  z=3.685

SPT2147−50  z=3.760

SPT0125−50  z=3.959

SPT0418−47  z=4.225

SPT0113−46  z=4.233

SPT0345−47  z=4.296

SPT2103−60  z=4.436

SPT0441−46  z=4.477

SPT2146−55  z=4.567

SPT2132−58  z=4.768

SPT0459−59  z=4.799

SPT0346−52  z=5.656

SPT0243−49  z=5.699

SPT0128−51

SPT0319−47

SPT0457−49
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Bold = unambiguous redshift from ALMA
black = single lines with ALMA, confirmed with C+ or CO(1-0) with APEX or ATCA
blue = single line detected with redshift, most likely redshift from photo-z
red = no line detected

Vieira et al. 2013 Nature

Joaquin 
Vieira
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ALMA spectra

Strandet et al. 2016
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Solving single line ambiguities

ALMA

SPT

LABOCA SPIRE

PACS
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Solving single line ambiguities

ALMA

SPT

LABOCA SPIRE

PACS

Td = 39+/-10K
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Solving single line ambiguities

ALMA

SPT

LABOCA SPIRE

PACS
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Solving single line ambiguities

ALMA

SPT

LABOCA SPIRE

PACS
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ALMA

SPT

LABOCA SPIRE

PACS

Solving single line ambiguities
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APEX

Gullberg et al. 2015

SEPIA
2 sources

FLASH
3 sources

FLASH [CII]

[CII]

CO(5-4)
VLT/X-shooter

Lyman- α

Strandet et al. in press

Redshift Confirmation
Introduction SPT sources Finding redshifts Redshift distribution Conclusion

SPIRE
[CII]

Gullberg et al. 2015

ATCA

CO(1-0)

Weiss et al. 2013

Strandet et al. 2016

Strandet et al. in press

ALMA
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APEX

Gullberg et al. 2015

SEPIA
2 sources

FLASH
3 sources

FLASH [CII]

[CII]

CO(5-4)
VLT/X-shooter

Lyman- α

Strandet et al. submitted

SPIRE
[CII]

Gullberg et al. 2015

ATCA

CO(1-0)

Weiss et al. 2013

Redshift Confirmation

Strandet et al. in press

ALMA

Strandet et al. 2016

SPT DSFGs z distribution Conclusion[CII] survey Other linesLensing models



page 15

APEX

Gullberg et al. 2015

SEPIA
2 sources

FLASH
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FLASH [CII]
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Redshift Confirmation

Strandet et al. 2016

Strandet et al. in press

ALMA
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Strandet et al. in press

ALMA
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APEX

Gullberg et al. 2015

SEPIA
2 sources

FLASH
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VLT/X-shooter
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Strandet et al. submitted

SPIRE
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ATCA
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Redshift Confirmation

Strandet et al. 2016
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Strandet et al. in press

ALMA
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APEX
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Strandet et al. in press

ALMA
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Strandet et al. in press
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Strandet et al. in press
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Strandet et al. in press

ALMA
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Strandet et al. in press

ALMA

VLT/X-shooter

Lyman- α

Strandet et al. submitted

SPIRE
[CII]

Gullberg et al. 2015

ATCA

CO(1-0)

Weiss et al. 2013

FLASH - CII

APEX

Gullberg et al. 2015

SEPIA
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FLASH
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Redshift Confirmation

Strandet et al. 2016
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Strandet et al. in press

ALMA

VLT/X-shooter
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Strandet et al. in press
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APEX

Gullberg et al. 2015

SEPIA
2 sources

FLASH
3 sources

FLASH [CII]
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Redshift Confirmation
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Especially exciting sources
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APEX/zspec 190-310 GHz

APEX/FLASH    295-353 GHz

•Brightest DSFG in our SPT sample.
•Scans with APEX covering 190 to 
353 GHz showed no lines.

Strandet et al.  in prep.
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APEX/zspec 190-310 GHz

APEX/FLASH    295-353 GHz

•Brightest DSFG in our SPT sample.
•Scans with APEX covering 190 to 
353 GHz showed no lines.
•ALMA band 3 shows many bright 
lines at z=4.349.
•We just missed [CII] at 355.3 GHz.

Strandet et al.  in prep.
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Redshift distribution (59 sources)
zmedian = 3.9

Strandet et al. 2016
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including Cy 3

•All redshifts based on ⩾2 molecular lines. 
•Median redshift 3.9.
•Lensing probability can shift median up by 0.8, 
but depends on source size evolution with z.
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Why are the SPT DSFGs at higher redshift?
zmedian = 3.9

Strandet et al. 2016, Béthermin et al. 2016
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•Galaxies selected at longer wavelength are at higher z.
•Trend well reproduced by the Béthermin+ 2012 model.
•Empirical model with two populations of galaxies: main 
sequence + starbursts.
•SPT sample contains:
➡lensed main sequence galaxies
➡lensed starbursts
➡extreme unlensed starbursts

Matthieu 
Béthermin

Herschel/PACS Herschel/SPIRE

SCUBA2
SCUBA
LABOCA

AzTEC

SPT
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•Clear detections in few hours with FLASH.
•Most systematic high-z [CII] survey to date.
•[CII]/FIR decrement at high LFIR consistent 
with other samples, but better S/N.

APEX SPT [CII] survey

Bitten
Gullberg

Gullberg et al. 2015
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•[CII]/LFIR ratio is dominated by Stefan-
Boltzmann law LFIR ∝T4.
•[CII] and CO(1-0) luminosities are remarkably 
closely related.

Comparing [CII] with LFIR and CO

Gullberg et al. 2015
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•Comparison of source functions shows that observed [CII]/CO ratio implies moderate 
optical depth up to 1 and Tex([CII]) > Tex(CO).
•Implies medium of separated CO and [CII] emitting gas like in PDR models.

Implications of the constant [CII]/CO ratio 

L[CII]

LCO(1-0)
=

✓
⌫[CII]

⌫CO(1-0)

◆4

⇥ eh⌫CO(1-0)/hTex,CO(1-0) � 1

eh⌫[CII]/hTex,[CII] � 1
· 1� e�⌧[CII]

1� e�⌧CO(1-0)

Gullberg et al. 2015
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ATCA low-J CO survey

Aravena et al. 2015
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• High S/N detections in <10h in 17 sources.
• Combined with source sizes from lens models → Mdyn → gas fraction.
• Gas fraction appears to be constant or slowly decreasing at z>2.

Manuel Aravena
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Stacked ALMA spectra

12CO, 13CO, [CI], H2O, HCN, HNC, HCO+ and CN
indications of CH and CCH

Spilker et al. 2014
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Spilker et al. 2014
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[NII] and high-J CO

•High [CII]/[NII] ratio PDR dominates over HII regions.
•Indication of lower metallicity?

Béthermin et al. 2016
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ALMA + APEX [CI] survey

•[CI]609µm line often within 
ALMA band 3 spectra.
•Most uniformly selected 
[CI] sample to date.

Bothwell et al. in prep.
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Matt Bothwell
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Advantages and uncertainties of [CI]
•Combine [CI] with [CII] and CO(1-0) to constrain 
PDR models.
•3D-PDR models suggest denser ISM than 
previous models.
•[CI] provides alternative M(H2) tracer:
➡independent αCO determination
➡needs assumption on X[CI]
➡distribution of flux between both [CI] lines may 
vary substantially with excitation e.g in AGN.
➡informal discussion on Friday

SPT DSFGs z distribution Conclusion[CII] survey Other linesLensing models

Bothwell et al. in prep.

Gullberg et al. 2016
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[CI] 370µm survey with APEX/SEPIA
•First [CI] 2-1 370µm detections with APEX/SHFI.
•New band 5 receiver in SEPIA covers [CI]370µm at 2.8<z<4.1, large 
overlap with [CI] 1-0 690µm in ALMA band 9.
•Observations just started, showing variations in CO(7-6)/[CI]690µm ratio.

SPT DSFGs z distribution Conclusion[CII] survey Other linesLensing models

Béthermin, Gullberg et al.



page 29

Other fine-structure lines
•With 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 [CII] deficit also holds for other FSL
➡ use line ratios to constrain density, temperature, HII/PDR fraction, 
ionization parameter, metallicity, ...
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The SPT DSFG sources are almost all lensed by 
foreground galaxies, with a median magnification µ=6.3.

We have determined unambiguous redshifts for 59 sources out to 
z=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 [CII] and [CI] 
provide key diagnostics of the ISM: H2 mass, line opacities, ...

More FSL surveys ([OI]63µm, [OIII]88µm, ...) are becoming 
possible thanks to wide redshift coverage of SPT sample.
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Conclusions
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