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The CMB is polarised (~10%)
• Any polarisation pattern can be 

decomposed into “E” (grad) and 
“B” (curl) modes 

• Density fluctuations at LSS do not 
produce “B” modes!

Smith et al 2008 
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The South Pole Telescope (SPT)

Sub-millimeter Wavelength 
Telescope: 

• 10 meter telescope (1.1’ FWHM beam) 
• Off-axis Gregorian optics design 
• Fast scanning (up to 2 deg/sec in azimuth) 
• 2” pointing accuracy

Collaboration

10 m telescope



95 GHz

150 GHz

SPTpol  - 2nd camera on SPT
10 m telescope

• 1536 polarization-sensitive bolometers  
• 500 deg2 survey 
   8 µK-arcmin @ 95 GHz 
   5 µK-arcmin @ 150 GHz 

The South Pole Telescope (SPT)



The South Pole Telescope (SPT)
10 m telescope SPT-3G  - 3rd camera on SPT

• 10x more bolometers (16,200)  
• 1500 deg2 survey  in 95, 150, 220 GHz 
• Currently in 2nd year of observations 



Latest from the Pole 
Sunrise

Credit: Josh Montgomery



- Map from the first half of the season minus the second half 
- Noise: 9.4 μK-arcmin between 1000 < ℓ < 3000.

E-modes - A noise map
Work led by J Henning

150 GHz



- High signal-to-noise!

E-modes measured with SPTpol
Work led by J Henning

150 GHz



E-mode power spectra

Best measurements at ell > 1050!



But what about B? 
(with an focus on r)

• Direct measurements 
• Delensing for inflation



- Signal-to-noise < 1 per mode 
(but lots of modes)

B-modes measured with SPTpol
Work led by JT Sayre

Also have  
95 GHz maps

150 GHz

Note: not same color range



New SPTpol 
B-mode power spectrum 

coming soon!



SPT-3G
Credit: K. Aylor



Delensing

Figure 5: Left: Reduction in lensing B-mode power though the use of a lensing template constructed from SPT-3G data. At the
noise level of the planned SPT-3G 1500 deg2 survey, delensing will remove over 2/3 of the lensing power. The prediction for
the B-mode spectrum from inflationary gravitational waves with r = 0.01 is shown for reference. Right: Forecasts, courtesy
of the BICEP/Keck Collaboration, for σ(r) from the BICEP Array as a function of observing date with and without SPT-3G
delensing.

same patch of sky, however, can provide a template of lensing B modes to subtract from BICEP Array data,
revealing the potential PGW signature beneath. This delensing process is impossible with BICEP Array
data alone, because the <1m apertures of the BICEP/Keck family of telescopes do not resolve the necessary
angular scales. SPT-3G, on the other hand, is optimally positioned to provide such data.

The bulk of the five years of operations funded by this proposal will be devoted to a survey of 1500 deg2

of the sky, matched to the BICEP Array observing region. The high-resolution SPT-3G data is crucial for
delensing, because it will provide a high-signal-to-noise measurement of the E-mode sky down to arcminute
scales and, for the first time, a high-fidelity reconstruction of the CMB lensing potential at all angular
scales necessary for delensing degree-scale B modes (see, e.g., Fig. 9 of this proposal and Fig. 2 of Simard
et al. 2015). As shown in Fig. 5, left panel, the full five-year SPT-3G data set will enable the removal
of over 2/3 the lensing power in the B-mode map. As shown in Fig. 5, right panel, the removal of this
contaminating signal has the potential to improve constraints on r from BICEP Array by more than a factor
of two. Furthermore, while the degree-scale information from SPT-3G will not be as deep as full BICEP
Array data, it will be deep enough to provide a useful cross-check on any large-scale B-mode excess detected
BICEP Array. As noted above, the scientific potential of joint analyses of SPT-3G and BICEP Array data has
been recognized by the NSF through a joint SPT-BICEP/Keck MSIP award, but the data products produced
in the work proposed here are a necessary precondition of the MSIP-funded research.

3.2 Cracks in the Cosmological Model?
The six-parameter ΛCDM cosmological model is a remarkably simple description of the Universe that,

until recently, appeared to fit all cosmological data with remarkable fidelity. As cosmological data have
become ever more precise, though, certain apparent inconsistencies have begun to arise between best-fit
parameters from different sets of data. Are these the result of systematic errors or statistical flukes, or are
they pointing us to new physics? SPT-3G data will play a central role in elucidating the nature of these
inconsistencies and in possibly establishing the existence of physics beyond ΛCDM.

As shown in the left panel of Fig. 6, the most statistically significant tension among current cosmological
data sets is a >3σ discrepancy2 between the Riess et al. (2018) classical distance-ladder determination of H0

and value derived from the Planck CMB + Planck lensing data assuming ΛCDM (Planck Collaboration et al.,
2018). The right panel of Fig. 6 shows there are also milder tensions in the amplitude of density fluctuations

2When describing tensions between estimates of single parameters from different data sets, we define σ as the quadrature sum
of the fully marginalized single-parameter uncertainties from the individual data sets.
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Last COSMO: Alessandro showed delensing of 24% on the SPTpol 100d field 

(Manzotti et al. ApJ 2017)

SPT-3G will remove 2/3s of lensing BB power



New era: delensing crucial to IGW 
searches

SPT-3G will remove 2/3s of lensing BB powerFigure 5: Left: Reduction in lensing B-mode power though the use of a lensing template constructed from SPT-3G data. At the
noise level of the planned SPT-3G 1500 deg2 survey, delensing will remove over 2/3 of the lensing power. The prediction for
the B-mode spectrum from inflationary gravitational waves with r = 0.01 is shown for reference. Right: Forecasts, courtesy
of the BICEP/Keck Collaboration, for σ(r) from the BICEP Array as a function of observing date with and without SPT-3G
delensing.

same patch of sky, however, can provide a template of lensing B modes to subtract from BICEP Array data,
revealing the potential PGW signature beneath. This delensing process is impossible with BICEP Array
data alone, because the <1m apertures of the BICEP/Keck family of telescopes do not resolve the necessary
angular scales. SPT-3G, on the other hand, is optimally positioned to provide such data.

The bulk of the five years of operations funded by this proposal will be devoted to a survey of 1500 deg2

of the sky, matched to the BICEP Array observing region. The high-resolution SPT-3G data is crucial for
delensing, because it will provide a high-signal-to-noise measurement of the E-mode sky down to arcminute
scales and, for the first time, a high-fidelity reconstruction of the CMB lensing potential at all angular
scales necessary for delensing degree-scale B modes (see, e.g., Fig. 9 of this proposal and Fig. 2 of Simard
et al. 2015). As shown in Fig. 5, left panel, the full five-year SPT-3G data set will enable the removal
of over 2/3 the lensing power in the B-mode map. As shown in Fig. 5, right panel, the removal of this
contaminating signal has the potential to improve constraints on r from BICEP Array by more than a factor
of two. Furthermore, while the degree-scale information from SPT-3G will not be as deep as full BICEP
Array data, it will be deep enough to provide a useful cross-check on any large-scale B-mode excess detected
BICEP Array. As noted above, the scientific potential of joint analyses of SPT-3G and BICEP Array data has
been recognized by the NSF through a joint SPT-BICEP/Keck MSIP award, but the data products produced
in the work proposed here are a necessary precondition of the MSIP-funded research.

3.2 Cracks in the Cosmological Model?
The six-parameter ΛCDM cosmological model is a remarkably simple description of the Universe that,

until recently, appeared to fit all cosmological data with remarkable fidelity. As cosmological data have
become ever more precise, though, certain apparent inconsistencies have begun to arise between best-fit
parameters from different sets of data. Are these the result of systematic errors or statistical flukes, or are
they pointing us to new physics? SPT-3G data will play a central role in elucidating the nature of these
inconsistencies and in possibly establishing the existence of physics beyond ΛCDM.

As shown in the left panel of Fig. 6, the most statistically significant tension among current cosmological
data sets is a >3σ discrepancy2 between the Riess et al. (2018) classical distance-ladder determination of H0

and value derived from the Planck CMB + Planck lensing data assuming ΛCDM (Planck Collaboration et al.,
2018). The right panel of Fig. 6 shows there are also milder tensions in the amplitude of density fluctuations

2When describing tensions between estimates of single parameters from different data sets, we define σ as the quadrature sum
of the fully marginalized single-parameter uncertainties from the individual data sets.
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In conclusion 

• SPTpol has made the best measurements of 
the E-mode damping tail 
– New B-mode spectra from SPTpol coming 

soon! 
• SPT3G is on sky with x10 more detectors 

–  significant upgrade in sensitivity!



Neutrino mass
Credit: K. Aylor



Hubble constant tension

Credit: K. Aylor


