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Why the South Pole?



DASI (1999-2003)
QUAD (2004-2007)
KECK (2011-2016)

ACBAR (2001-2005)

BICEP (2006-2008)
BICEP2 (2010-2012)
BICEP3 (2015-?)

SPT (2007-2011)
SPTpol (2012-2015)
SPT3G (2016-?)

Completed
Operating or Proposed

South Pole CMB experiments
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17-Dec-13
RPM - Tijmen de Haan (McGill 

University)
5

14 arcmin



17-Dec-13
RPM - Tijmen de Haan (McGill 

University)
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7 arcmin



17-Dec-13
RPM - Tijmen de Haan (McGill 

University)
7

1 arcmin



SPTpol
1.6k detectors, pol
2012-2015

SPT-3G
15k detectors, pol
2016-?

SPT-SZ
0.9k detectors
2007-2011

~1 arcminute
resolution at 
95, 150, 220 GHz



• Total of 1536 detectors    
     (TES bolometers).

• 588 pix @ 150 GHz.

• 180 @ 95 GHz.

~22 cm

SPTpol is the current camera



SPTpol fields: Deep & Survey

Deep Field

First year, 
100 deg² 

Survey Field

Three years, 
500 deg²

Same as BICEP

SPT-SZ

Entire survey, 
2500 deg² 

IRAS from Schlegel et al. 1998



  

Outline
● South Pole Telescope, SPTpol
● 100 deg2

– EE  (arXiv:1411.1042)

– BB  (arXiv:1503.02315)

– Lensing Cross  (arXiv:1412.4760)

– Lensing Power Spectrum  (arXiv:1412.4760)

● 500 deg2 Plans
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r=0.1
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±16μK

100 Deg2 Deep Field (2012,13)

E

±16μK

E-difference (noise)

±16μK



Point Source Power at l=3000

Crites, et al. arXiv:1411.1042 

E-Mode Spectrum
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Lensing the Polarization of 
the CMB

ESA



Duncan Hanson



Duncan Hanson



  

SPTpol 100 deg² B Modes

Kiesler et. al. arXiv:1503.02315

(4x smaller scale)



  

Planck 
  100%
      dust

sum

Lensing Prediction

Kiesler et. al. arXiv:1503.02315

Dust from Planck353xPlanck353 analysis in B2 field
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Hanson, et al., 2013 
arXiv: 1307.5830



First Lensed B-mode detection

Hanson et al. arXiv:1307.5830

7.7σ
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Gravitational Lensing of CMB

Unobservable “true” T, Q, or U

Observed T, Q, or U Projected Lensing Potential

Hu & Okamoto 2002



Estimate of Lensing Potential

The estimated lensing potential is a weighted average 
of a product of T, E, or B modes

Hu & Okamoto 2002

T, E, or B



Combining Multiple Estimates

All smoothed with ~1deg Gaussian to show only S/N>1 modes

Story et. al. arXiv:1412.4760



Unlensed and Reconstructed

Reconstruction with no Input
(Noise/Error estimate)

Story et. al. arXiv:1412.4760



SPTpol Lensing Power Spectrum

         rejection of no lensing

Why higher than before? We use off-diagonal elements.

Story et. al. arXiv:1412.4760
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SPTpol fields: Deep & Survey

Deep Field

First year, 
100 deg² 

Survey Field

Three years, 
500 deg²

Same as BICEP

SPT-SZ

Entire survey, 
2500 deg² 

IRAS from Schlegel et al. 1998



500 Deg2 Survey Field (2013)

Q

• 150 GHz Stokes Q Map, smoothed by 8 arcmin FWHM Gaussian.

• First year data: 2 years remaining.

PRELIMINARY!



500 deg2 E-Mode 2D Spectrum

Polarization Noise:
150 GHz:   9 µK arcmin
  95 GHz: 17 µK arcmin



  

SPT/BICEP
Cross Correlation

SPT BICEP2

Simulation Simulation



Eventual Delensing

- Given E and Φ, can estimate Blens 



∑mν = 0

∑mν = 1.5 eV

BBlensing

BBIGW

CMB Polarization

Temperature

E-mode polarization
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The SPT Collaboration





  

Thank You



500 Deg2 Survey Field (2013)

PRELIMINARY! U

• 150 GHz Stokes Q Map, smoothed by 8 arcmin FWHM Gaussian.

• First year data: 2 years remaining.



Old SPT Noise Numbers

Focal Plane NET (uK s^0.5)
Freq(GHz)    95      150     220    Total

SPT-SZ         60      24.2   115     22.0
SPTpol         30      14.7     ---      13.2
SPT-3G        7.2       4.5     7.5       3.4

BICEP2 was 17 uK rtsec in temp
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