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Planck CMB Map



  

Spherical Harmonic Multipoles



Planck Temperature Spectrum



Why the South Pole?



Why the South Pole?

• Precipitable water vapor 
(PWV) is the bane of ground-
based mm-wave experiments



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

ACBAR (2001-2005)

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

SPT (2007-2011)
SPTpol (2012-2016)
SPT3G (2017-?)

Completed
Operating or Proposed

South Pole CMB experiments
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Scalar Fluctuations
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Gravity (Tensor) Fluctuations





Lensing the Polarization of 
the CMB

ESA

+



  

CMB Power Spectra



SPTpol fields: Deep & Survey

Deep Field

First year, 
100 deg² 

Survey Field

Three years, 
500 deg²

Same as BICEP

SPT-SZ

2500 deg² 

IRAS from Schlegel et al. 1998



  

Henning et. al. arXiv:1707.09353

T

T difference

SPTpol Temp noise levels:
150 GHz:   5 uK-arcmin   
  90 GHz: 10 uK-arcmin

√2 less within the
100 deg2 sub field.



  

Henning et. al. arXiv:1707.09353



  

Henning et. al., arXiv:1707.09353



  

Henning et. al., arXiv:1707.09353



  

First seven 
acoustic peaks 
visible before 
azimuthal 
averaging

E-map
2D Fourier 
Transform



  

SPTpol 500 deg2 Noise Spectra

Henning et. al. arXiv:1707.09353

● 9.4 μK-arcmin 
in polarization



  

SPTpol 500 deg2 Noise Spectra

● 9.4 μK-arcmin 
in polarization

EE and TE spectrum 
dominated by sample 
variance for     <1750

Henning et. al. arXiv:1707.09353



  

Temperature Spectrum

Henning et. al., 2018, Planck 2016; Louis et al. 2017

differences caused 
by varying 
foreground masking 
and component fitting.



  

E-Mode Spectrum
(9 acoustic peaks visible)

Henning et. al., 2018, Planck 2016; BICEP/Keck 2015, Louis et al. 2017



  

E-Mode Spectrum
(9 acoustic peaks visible)

Henning et. al., 2018, Planck 2016; BICEP/Keck 2015, Louis et al. 2017

Consistent with Planck 
and BICEP2/Keck



  

E-Mode Spectrum
(9 acoustic peaks visible)

Henning et. al., 2018, Planck 2016; BICEP/Keck 2015, Louis et al. 2017

Consistent with Planck 
and BICEP2/Keck

Lowest noise result
at high   >1050



  

Polarized Point Source Power in 
E-Mode Spectrum

Henning et. al., 2018, Planck 2016; BICEP/Keck 2015, Louis et al. 2017

With aggressive 
source masking,
CMB dominates
At    < 4050 



  

TE Cross Spectrum

Henning et. al., 2018, Planck 2016; BICEP/Keck 2015, Louis et al. 2017



  

TE Cross Spectrum

Henning et. al., 2018, Planck 2016; BICEP/Keck 2015, Louis et al. 2017

Consistent with Planck 
and BICEP2/Keck

Lowest noise result
at high   >1475



  

Fitting Cosmological Parameters

angular scale of the sound horizon

cold dark matter energy-density fraction

baryon fraction



  

Tilt of primordial perturbation spectrum

Hubble expansion 
rate today

amplitude of 
matter 
fluctuations at 
8 Mpc scales



  

B-Modes from 100 deg2                       

Kiesler et. al. arXiv:1503.02315



  

SPT B-Mode Spectrum

Kiesler et. al. arXiv:1503.02315



  

B-Mode Spectrum (Log Scale)

Kiesler et. al. arXiv:1503.02315



  

Credit: W.L. Kimmy Wu



  

B-Mode Polarized Foregrounds

73%- 93% of sky; Planck 2015 X







  

CMB Deflection Map (dark matter distribution)



  



  

Credit: W.L. Kimmy Wu

Delensing



  

Delensing B Modes

Manzotti, Story, Wu, et al (arXiv:1701.04396)



  

Effect of Lensing



SPTpol fields: Deep & Survey

Deep Field

First year, 
100 deg² 

Survey Field

Three years, 
500 deg²

Same as BICEP

SPT-SZ

2500 deg² 

IRAS from Schlegel et al. 1998



  

Delensing

Manzotti, Story, Wu, et al (arXiv:1701.04396)



  

Where to get the lensing potential?

Manzotti, Story, Wu, et al (arXiv:1701.04396)



  

SPT B-Mode Spectrum

Kiesler et. al. arXiv:1503.02315



  

SPT Delensed B-Mode Spectrum

28% reduction in best-fit A_L
Reject no delensing at 6.9 sigma Manzotti, Story, Wu, et al (arXiv:1701.04396)



  

Manzotti, Story, Wu, et al (arXiv:1701.04396)



  

What Limits Delensing?

Fraction of Remaining B-Mode Lensing Power



  

The Future of r involves Delensing

CMB-S4 Science Book



  

SPT-3G

Credit: Joshua Sobrin



  

Credit: Amy Bender



  

Credit: Amy Bender



  

Credit: Amy Bender



  

Credit: Amy Bender
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SPT Collaboration



  

Backup Slides



  

500 deg2 Spectra

● 125 “bundles” of maps with uniform coverage
● Cross spectra of all bundle pairs: avoids noise 

bias
● MASTER formalism (Hivon et al. 2002)

– with 300 simulated skies

– each mock observed the same 3491 times



  

Null Tests (Jackknife Splits)

1) Left-Right: left-going or right-going telescope scans.

2) 1st Half-2nd Half: time-dependent errors

3) Sun: beam sidelobe pickup sun above or below the 
horizon.

4) Moon: We test for additional beam sidelobe pickup 
from the Moon

5) Azimuth: contamination from stationary objects or 
ground. Compare “noisiest az” to “quietest az”



  

SPTpol Beam

from Venus

from Planck

Henning et. al., 2018



  

Transfer Function

Geometric mean of the TT and EE
1D filtering transfer functions 
corrected for mode coupling



  

Henning et. al., arXiv:1707.09353

SPTpol Temp noise levels:
150 GHz:   5 uK-arcmin   
  90 GHz: 10 uK-arcmin in 

√2 less in the
100 deg2 sub field.



  

angular scale of the sound horizon

Tilt of primordial perturbation spectrum

Amplitude of primordial spectrum

cold dark matter energy-density fraction

Hubble expansion 
rate today

baryon
fraction

amplitude of 
matter 
fluctuations at 
8 Mpc scales



  

ΛCDM Constraints



  

ΛCDM Constraints

2σ tension with Planck
0.8102 ± 0.0060



  

ΛCDM Constraints

1.5σ tension with Planck
67.66 ± 0.42



  

Credit: Amy Bender
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