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The Hubble Constant Problem
Update: 73.17 ± 0.86 ( Breuval et al. 2024 (SH0ES) ) 
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So what’s left to do with CMB anisotropies?

1) T at high resolution (high ell) 
2) Polarization at all angular scales 
3) Gravitational lensing (inferred 

from T and P maps)

Ge, F. + SPT Collaboration, “Cosmology From CMB Lensing and 
Delensed EE Power Spectra Using 2019-2020 SPT-3G 
Polarization Data,” arXiv:2411.06000, submitted to Phys. Rev. D

Note: E is the “E-mode” of polarization — 
a curl-free polarization pattern



Image credit: Wayne Hu

Generation of polarization
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LCDM predictions given 
Planck data

CMB Lensing Power Spectrum CMB Polarization Power Spectrum

68% Confidence prediction of LCDM given Planck data
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SPT-3G Surveys
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2019-2020 SPT-3G Results
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2019-2020 Main field maps have noise levels ~2.5x higher than in this table
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• ~300K ground 
• emissive atmosphere 
• Astrophysical foregrounds 
• “Beam” uncertainty 
• Temperature to polarization 
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Challenges + Mitigation Strategies

• Risk of confirmation bias 
• Tiny signal 
• Sources of contamination 

• ~300K ground 
• emissive atmosphere 
• Astrophysical foregrounds 
• “Beam” uncertainty 
• Temperature to polarization 

leakage

Blinded analysis
~16K TES detectors + 
a 10m dish 

Ground shield
South Pole

1) Observe low MW-
emission region 

2) 95, 150, 220 GHz 
3) Polarization only

Measure response to 
Saturn and radio-bright 
galaxies (AGN) 

Include in the model of the data



The South Pole is a unique 
window to the CMB… 

like being in space!

South Pole Environment

● High Altitude (~10,000 ft) with unique Polar Vortex 
● Driest desert on Earth with most stable atmosphere 

○ At Pole, the water vapor is 4x lower with a ~30-100x more stable 
atmosphere than the Chilean Atacama desert. 


● Relentless Observing 
○ 24/7 year-round access to Southern Sky, e.g., including the Black Hole 

at the Milky Way’s center for the Event Horizon Telescope

● Annual Access for rapid technology deployment Slide from B. Benson



How did we blind ourselves? 
1) No comparing model power spectra to estimated power spectra 
2) No looking at estimates of cosmological parameters

We did allow ourselves to see estimated spectra without 
y-axis labels:

CMB Lensing Power Spectrum

CMB Polarization Power Spectrum



2019-2020 SPT-3G Maps
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MUSE
Millea and Seljak, “Marginal 
Unbiased Score Expansion 
and Application to CMB 
Lensing”, PRD (2022)

first use on 
real data



MUSE
Millea and Seljak, “Marginal 
Unbiased Score Expansion 
and Application to CMB 
Lensing”, PRD (2022)

1) outperforms QE for lensing 
power reconstruction 

2) Produces unlensed field power 
spectra 

3) Convenient framework for 
incorporating instrumental effects

first use on 
real data











Unblinding on April 1, 2024



Planck

SPT-3G

WMAP

Unblinding on April 1, 2024



3.5 sigma discrepancy!
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State of power spectra at unblinding, plotted with a best-fit-
to-Planck model divided out



State of power spectra at unblinding, plotted with a best-fit-
to-Planck model divided out

What do we believe about the instrument, that might not be so?



State of power spectra at unblinding, plotted with a best-fit-
to-Planck model divided out

Is it a beam problem?

What do we believe about the instrument, that might not be so?



Polarized Beam Model
“main” is calculated with an idealized 
physical model of the optics. The effects 
included in the calculation preserve the 
polarization. 

“measured” here is the measured 
response to a point source (Saturn + 
AGN). Differences with the main beam 
arise from additional scattering or 
reflection from, e.g., optical elements in 
the camera, or panel gaps in the primary 
mirror.  These contributions do not 
necessarily preserve polarization.

Measured

Benson 
et al. 
(2012)

<latexit sha1_base64="dio+vwrr6wKHPmGg36cho5T8bk4="></latexit>

Bpol(r) = Bmain(r) + �pol(B
measured(r)�Bmain(r))

r (arcmin)

measured
main

<latexit sha1_base64="Nyi31RiJxLcw0YWUOD538AbUyVk=">AAACHXicdVDJSgNBFOxxN25Rj14agyAIYUaCy0EQvXhUMCpkQujpvGhjL0P3GyEM8yNe/BUvHhTx4EX8GzuL4FrQUFTV4/WrJJXCYRi+ByOjY+MTk1PTpZnZufmF8uLSmTOZ5VDnRhp7kTAHUmioo0AJF6kFphIJ58n1Yc8/vwHrhNGn2E2hqdilFh3BGXqpVa7t0Ty2iiomdEE3aJwAslZfSo0saIxCgRtknGiDNAkUrXIlrO6G0e5WRH+TqBr2USFDHLfKr3Hb8EyBRi6Zc40oTLGZM4uCSyhKceYgZfyaXULDU838zmbev66ga15p046x/mmkffXrRM6Uc12V+KRieOV+ej3xL6+RYWenmQudZgiaDxZ1MknR0F5VtC0scJRdTxi3wv+V8itmGUdfaMmX8Hkp/Z+cbVajrWrtpFbZPxjWMUVWyCpZJxHZJvvkiByTOuHkltyTR/IU3AUPwXPwMoiOBMOZZfINwdsHODaiFw==</latexit>

= main + �pol ⇥ sidelobe

Nick Huang



Polarized Beam Model
<latexit sha1_base64="uKSqv1aK60ay/TXiJDNFuM2zrq0="></latexit>

Bpolarized
l = Bmain

l + �pol

�
Bmeasured

l �Bmain
l

�

Main
Measured 

Prior:

Posterior:

<latexit sha1_base64="8+F87Evtb3fGGcQzaFDqQG0LQcc=">AAACAnicdVDLSsNAFJ3UV62vqCtxM1gEFxISKdXuim5cVrAPaEKYTCft0JlJmJkIJRQ3/oobF4q49Svc+TdOH4LPAxcO59zLvfdEKaNKu+67VVhYXFpeKa6W1tY3Nrfs7Z2WSjKJSRMnLJGdCCnCqCBNTTUjnVQSxCNG2tHwYuK3b4hUNBHXepSSgKO+oDHFSBsptPf8iGgU5r7kME3YGPpUwK577AWhXXadmuvVqh78TTzHnaIM5miE9pvfS3DGidCYIaW6npvqIEdSU8zIuORniqQID1GfdA0ViBMV5NMXxvDQKD0YJ9KU0HCqfp3IEVdqxCPTyZEeqJ/eRPzL62Y6PgtyKtJME4Fni+KMQZ3ASR6wRyXBmo0MQVhScyvEAyQR1ia1kgnh81P4P2mdOF7VqVxVyvXzeRxFsA8OwBHwwCmog0vQAE2AwS24B4/gybqzHqxn62XWWrDmM7vgG6zXDy08lqk=</latexit>

�pol 2 [0, 1]

<latexit sha1_base64="KDKCoxXSCpGr3hFE1mgBAJUsPbY=">AAACCHicdVDLSgMxFM3UV62vUZcuDBbB1TBTSm0XQtGNywr2AZ1hyKRpG5pkhiQjlKFLN/6KGxeKuPUT3Pk3pg/B54ELh3Pu5d57ooRRpV333cotLa+sruXXCxubW9s79u5eS8WpxKSJYxbLToQUYVSQpqaakU4iCeIRI+1odDH12zdEKhqLaz1OSMDRQNA+xUgbKbQP/YhoFGa+5DCJ2QSeQdepuNBPuCGlamgXXafmerWKB38Tz3FnKIIFGqH95vdinHIiNGZIqa7nJjrIkNQUMzIp+KkiCcIjNCBdQwXiRAXZ7JEJPDZKD/ZjaUpoOFO/TmSIKzXmkenkSA/VT28q/uV1U92vBhkVSaqJwPNF/ZRBHcNpKrBHJcGajQ1BWFJzK8RDJBHWJruCCeHzU/g/aZUcr+KUr8rF+vkijjw4AEfgBHjgFNTBJWiAJsDgFtyDR/Bk3VkP1rP1Mm/NWYuZffAN1usHbreXrw==</latexit>

�pol = 0.60± 0.28

}
Sidelobe contribution

Measured

The sidelobe at each frequency has a different shape ==> can 
simultaneously fit CMB power spectra and        at each frequency

<latexit sha1_base64="J4xEU4wOFPoEym0RW+JIRIZRHwc=">AAAB+HicdVDJSgNBEO2JW4xLRj16aQyCp2FGQjS3oBePEcwCyTD0dHqSJr0M3T1CHPIlXjwo4tVP8ebf2FkE1wcFj/eqqKoXp4xq4/vvTmFldW19o7hZ2tre2S27e/ttLTOFSQtLJlU3RpowKkjLUMNIN1UE8ZiRTjy+nPmdW6I0leLGTFIScjQUNKEYGStFbrkfE4OivK84TCWbRm7F9+p+UK8F8DcJPH+OCliiGblv/YHEGSfCYIa07gV+asIcKUMxI9NSP9MkRXiMhqRnqUCc6DCfHz6Fx1YZwEQqW8LAufp1Ikdc6wmPbSdHZqR/ejPxL6+XmeQ8zKlIM0MEXixKMgaNhLMU4IAqgg2bWIKwovZWiEdIIWxsViUbwuen8H/SPvWCmle9rlYaF8s4iuAQHIETEIAz0ABXoAlaAIMM3INH8OTcOQ/Os/OyaC04y5kD8A3O6wdSSJON</latexit>

�pol



New bandpowers (blue 
points)



New bandpowers = final 
band powers

Bandpowers and cosmology robust to: 1) simplifying our model of 
the main beam and 2) allowing for each         to depend on angular 
scale

<latexit sha1_base64="J4xEU4wOFPoEym0RW+JIRIZRHwc=">AAAB+HicdVDJSgNBEO2JW4xLRj16aQyCp2FGQjS3oBePEcwCyTD0dHqSJr0M3T1CHPIlXjwo4tVP8ebf2FkE1wcFj/eqqKoXp4xq4/vvTmFldW19o7hZ2tre2S27e/ttLTOFSQtLJlU3RpowKkjLUMNIN1UE8ZiRTjy+nPmdW6I0leLGTFIScjQUNKEYGStFbrkfE4OivK84TCWbRm7F9+p+UK8F8DcJPH+OCliiGblv/YHEGSfCYIa07gV+asIcKUMxI9NSP9MkRXiMhqRnqUCc6DCfHz6Fx1YZwEQqW8LAufp1Ikdc6wmPbSdHZqR/ejPxL6+XmeQ8zKlIM0MEXixKMgaNhLMU4IAqgg2bWIKwovZWiEdIIWxsViUbwuen8H/SPvWCmle9rlYaF8s4iuAQHIETEIAz0ABXoAlaAIMM3INH8OTcOQ/Os/OyaC04y5kD8A3O6wdSSJON</latexit>

�pol



Initial unblinded to final parameter shifts
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Results – bandpowers
● LCDM model fits SPT data well and in agreement with Planck.

L ℓ
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Results – bandpowers

● This work has the tightest bandpower measurement of ϕϕ at 
L>350 and EE at ℓ>2000 to date.
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SPT-3G: 
H0=66.8+/-0.8 
km/sec/Mpc 

5.4σ difference 
with SH0ES.

Polarization 
data only

<latexit sha1_base64="ZjMG3FtPOnBn6F1KgUO6h7+y9XQ=">AAAB+nicbVBNS8NAEN34WetXqkcvi0XwVJJS1GPRizcr2A9oY9hsJ+3S3STsbpQS+1O8eFDEq7/Em//GbZuDtj4YeLw3w8y8IOFMacf5tlZW19Y3Ngtbxe2d3b19u3TQUnEqKTRpzGPZCYgCziJoaqY5dBIJRAQc2sHoauq3H0AqFkd3epyAJ8ggYiGjRBvJt0u9GwED4mc9KTCdDO+rvl12Ks4MeJm4OSmjHA3f/ur1Y5oKiDTlRKmu6yTay4jUjHKYFHupgoTQERlA19CICFBeNjt9gk+M0sdhLE1FGs/U3xMZEUqNRWA6BdFDtehNxf+8bqrDCy9jUZJqiOh8UZhyrGM8zQH3mQSq+dgQQiUzt2I6JJJQbdIqmhDcxZeXSatacc8qtdtauX6Zx1FAR+gYnSIXnaM6ukYN1EQUPaJn9IrerCfrxXq3PuatK1Y+c4j+wPr8AcNDk7A=</latexit>

⌦ch
2

LCDM parameters

<latexit sha1_base64="919xZWlY34jx+ld+pJhtT933j0A=">AAAB+nicbVBNS8NAEN34WetXqkcvi0XwVJJS1GPRizcr2A9oY9hsJ+3S3STsbpQS+1O8eFDEq7/Em//GbZuDtj4YeLw3w8y8IOFMacf5tlZW19Y3Ngtbxe2d3b19u3TQUnEqKTRpzGPZCYgCziJoaqY5dBIJRAQc2sHoauq3H0AqFkd3epyAJ8ggYiGjRBvJt0u9GwED4mc9KXAwGd5XfbvsVJwZ8DJxc1JGORq+/dXrxzQVEGnKiVJd10m0lxGpGeUwKfZSBQmhIzKArqEREaC8bHb6BJ8YpY/DWJqKNJ6pvycyIpQai8B0CqKHatGbiv953VSHF17GoiTVENH5ojDlWMd4mgPuMwlU87EhhEpmbsV0SCSh2qRVNCG4iy8vk1a14p5Vare1cv0yj6OAjtAxOkUuOkd1dI0aqIkoekTP6BW9WU/Wi/VufcxbV6x85hD9gfX5A8G7k68=</latexit>

⌦bh
2 <latexit sha1_base64="/rUlx2wPyR4HsZOMhYPFQObeqno=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUY9FLx4r2A9pl5JNs21okl2SrFCW/govHhTx6s/x5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61TJxqypo0FrHuhMQwwRVrWm4F6ySaERkK1g7HtzO//cS04bF6sJOEBZIMFY84JdZJj6qf9bTEZtovV7yqNwdeJX5OKpCj0S9/9QYxTSVTlgpiTNf3EhtkRFtOBZuWeqlhCaFjMmRdRxWRzATZ/OApPnPKAEexdqUsnqu/JzIijZnI0HVKYkdm2ZuJ/3nd1EbXQcZVklqm6GJRlApsYzz7Hg+4ZtSKiSOEau5uxXRENKHWZVRyIfjLL6+S1kXVv6zW7muV+k0eRxFO4BTOwYcrqMMdNKAJFCQ8wyu8IY1e0Dv6WLQWUD5zDH+APn8A1D6QcA==</latexit>ns

<latexit sha1_base64="18phKAQHXG3TBu8EFpvzbsC3x/o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRS48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHstHM0nQj+hQ8pAzaqz0UO+7/XLFrbpzkFXi5aQCORr98ldvELM0QmmYoFp3PTcxfkaV4UzgtNRLNSaUjekQu5ZKGqH2s/mpU3JmlQEJY2VLGjJXf09kNNJ6EgW2M6JmpJe9mfif101NeONnXCapQckWi8JUEBOT2d9kwBUyIyaWUKa4vZWwEVWUGZtOyYbgLb+8SloXVe+qenl/Wand5nEU4QRO4Rw8uIYa1KEBTWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPD6414</latexit>

H0
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Results – H0 

5.4σ

6.2σ

Assuming LCDM model
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Results – S8

Assuming LCDM model
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Results – excess lensing power
Craig et al. 2024

Data = Planck  
+ ACT lensing  
+ DESI BAO

~
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Results – excess lensing power
<latexit sha1_base64="FG+VFxLbHqHBWEab58ni8e3JwsE=">AAACCXicbVDNS8MwHE39nPOr6tFLcAiCMFoZ6nE6Dx4UJrgPWEtJ03QLS9OSpMIovXrxX/HiQRGv/gfe/G/Muh1080Hg5b33I/k9P2FUKsv6NhYWl5ZXVktr5fWNza1tc2e3LeNUYNLCMYtF10eSMMpJS1HFSDcRBEU+Ix1/2Bj7nQciJI35vRolxI1Qn9OQYqS05JnQudHhAMHMERFsXN3m8BheeMWNES5zz6xYVasAnCf2lFTAFE3P/HKCGKcR4QozJGXPthLlZkgoihnJy04qSYLwEPVJT1OOIiLdrNgkh4daCWAYC324goX6eyJDkZSjyNfJCKmBnPXG4n9eL1XhuZtRnqSKcDx5KEwZVDEc1wIDKghWbKQJwoLqv0I8QAJhpcsr6xLs2ZXnSfukap9Wa3e1Sv1yWkcJ7IMDcARscAbq4Bo0QQtg8AiewSt4M56MF+Pd+JhEF4zpzB74A+PzB2l8mOg=</latexit>

⇤CDM+Alens
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Results – excess lensing power
<latexit sha1_base64="FG+VFxLbHqHBWEab58ni8e3JwsE=">AAACCXicbVDNS8MwHE39nPOr6tFLcAiCMFoZ6nE6Dx4UJrgPWEtJ03QLS9OSpMIovXrxX/HiQRGv/gfe/G/Muh1080Hg5b33I/k9P2FUKsv6NhYWl5ZXVktr5fWNza1tc2e3LeNUYNLCMYtF10eSMMpJS1HFSDcRBEU+Ix1/2Bj7nQciJI35vRolxI1Qn9OQYqS05JnQudHhAMHMERFsXN3m8BheeMWNES5zz6xYVasAnCf2lFTAFE3P/HKCGKcR4QozJGXPthLlZkgoihnJy04qSYLwEPVJT1OOIiLdrNgkh4daCWAYC324goX6eyJDkZSjyNfJCKmBnPXG4n9eL1XhuZtRnqSKcDx5KEwZVDEc1wIDKghWbKQJwoLqv0I8QAJhpcsr6xLs2ZXnSfukap9Wa3e1Sv1yWkcJ7IMDcARscAbq4Bo0QQtg8AiewSt4M56MF+Pd+JhEF4zpzB74A+PzB2l8mOg=</latexit>

⇤CDM+Alens



66

Results – excess lensing power
<latexit sha1_base64="FG+VFxLbHqHBWEab58ni8e3JwsE=">AAACCXicbVDNS8MwHE39nPOr6tFLcAiCMFoZ6nE6Dx4UJrgPWEtJ03QLS9OSpMIovXrxX/HiQRGv/gfe/G/Muh1080Hg5b33I/k9P2FUKsv6NhYWl5ZXVktr5fWNza1tc2e3LeNUYNLCMYtF10eSMMpJS1HFSDcRBEU+Ix1/2Bj7nQciJI35vRolxI1Qn9OQYqS05JnQudHhAMHMERFsXN3m8BheeMWNES5zz6xYVasAnCf2lFTAFE3P/HKCGKcR4QozJGXPthLlZkgoihnJy04qSYLwEPVJT1OOIiLdrNgkh4daCWAYC324goX6eyJDkZSjyNfJCKmBnPXG4n9eL1XhuZtRnqSKcDx5KEwZVDEc1wIDKghWbKQJwoLqv0I8QAJhpcsr6xLs2ZXnSfukap9Wa3e1Sv1yWkcJ7IMDcARscAbq4Bo0QQtg8AiewSt4M56MF+Pd+JhEF4zpzB74A+PzB2l8mOg=</latexit>

⇤CDM+Alens



67

Results – excess lensing power
<latexit sha1_base64="FG+VFxLbHqHBWEab58ni8e3JwsE=">AAACCXicbVDNS8MwHE39nPOr6tFLcAiCMFoZ6nE6Dx4UJrgPWEtJ03QLS9OSpMIovXrxX/HiQRGv/gfe/G/Muh1080Hg5b33I/k9P2FUKsv6NhYWl5ZXVktr5fWNza1tc2e3LeNUYNLCMYtF10eSMMpJS1HFSDcRBEU+Ix1/2Bj7nQciJI35vRolxI1Qn9OQYqS05JnQudHhAMHMERFsXN3m8BheeMWNES5zz6xYVasAnCf2lFTAFE3P/HKCGKcR4QozJGXPthLlZkgoihnJy04qSYLwEPVJT1OOIiLdrNgkh4daCWAYC324goX6eyJDkZSjyNfJCKmBnPXG4n9eL1XhuZtRnqSKcDx5KEwZVDEc1wIDKghWbKQJwoLqv0I8QAJhpcsr6xLs2ZXnSfukap9Wa3e1Sv1yWkcJ7IMDcARscAbq4Bo0QQtg8AiewSt4M56MF+Pd+JhEF4zpzB74A+PzB2l8mOg=</latexit>

⇤CDM+Alens

<latexit sha1_base64="53Zsm1GQYAp/rESUFTm7ogF7YtQ=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GtJh7GNXdOOygn1gO5RMmmlDk8yQZIQy9C/cuFDErX/jzr8xfQgqeuDC4Zx7ufeeMOFMG4Q+nNza+sbmVn67sLO7t39QPDxq6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBNOruZ+554qzWJ5a6YJDQQeSRYxgo2V7jy3CvuajQQeFEvI9by6f+FB5Pp15NV8S6rIsgosu2iBElihOSi+94cxSQWVhnCsda+MEhNkWBlGOJ0V+qmmCSYTPKI9SyUWVAfZ4uIZPLPKEEaxsiUNXKjfJzIstJ6K0HYKbMb6tzcX//J6qYlqQcZkkhoqyXJRlHJoYjh/Hw6ZosTwqSWYKGZvhWSMFSbGhlSwIXx9Cv8nbc8tV1z/xi81Lldx5MEJOAXnoAyqoAGuQRO0AAESPIAn8Oxo59F5cV6XrTlnNXMMfsB5+wS6jJBW</latexit>

2.7�
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Results – excess lensing power
<latexit sha1_base64="FG+VFxLbHqHBWEab58ni8e3JwsE=">AAACCXicbVDNS8MwHE39nPOr6tFLcAiCMFoZ6nE6Dx4UJrgPWEtJ03QLS9OSpMIovXrxX/HiQRGv/gfe/G/Muh1080Hg5b33I/k9P2FUKsv6NhYWl5ZXVktr5fWNza1tc2e3LeNUYNLCMYtF10eSMMpJS1HFSDcRBEU+Ix1/2Bj7nQciJI35vRolxI1Qn9OQYqS05JnQudHhAMHMERFsXN3m8BheeMWNES5zz6xYVasAnCf2lFTAFE3P/HKCGKcR4QozJGXPthLlZkgoihnJy04qSYLwEPVJT1OOIiLdrNgkh4daCWAYC324goX6eyJDkZSjyNfJCKmBnPXG4n9eL1XhuZtRnqSKcDx5KEwZVDEc1wIDKghWbKQJwoLqv0I8QAJhpcsr6xLs2ZXnSfukap9Wa3e1Sv1yWkcJ7IMDcARscAbq4Bo0QQtg8AiewSt4M56MF+Pd+JhEF4zpzB74A+PzB2l8mOg=</latexit>

⇤CDM+Alens

<latexit sha1_base64="53Zsm1GQYAp/rESUFTm7ogF7YtQ=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GtJh7GNXdOOygn1gO5RMmmlDk8yQZIQy9C/cuFDErX/jzr8xfQgqeuDC4Zx7ufeeMOFMG4Q+nNza+sbmVn67sLO7t39QPDxq6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBNOruZ+554qzWJ5a6YJDQQeSRYxgo2V7jy3CvuajQQeFEvI9by6f+FB5Pp15NV8S6rIsgosu2iBElihOSi+94cxSQWVhnCsda+MEhNkWBlGOJ0V+qmmCSYTPKI9SyUWVAfZ4uIZPLPKEEaxsiUNXKjfJzIstJ6K0HYKbMb6tzcX//J6qYlqQcZkkhoqyXJRlHJoYjh/Hw6ZosTwqSWYKGZvhWSMFSbGhlSwIXx9Cv8nbc8tV1z/xi81Lldx5MEJOAXnoAyqoAGuQRO0AAESPIAn8Oxo59F5cV6XrTlnNXMMfsB5+wS6jJBW</latexit>

2.7�
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Results – excess lensing power

<latexit sha1_base64="53Zsm1GQYAp/rESUFTm7ogF7YtQ=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GtJh7GNXdOOygn1gO5RMmmlDk8yQZIQy9C/cuFDErX/jzr8xfQgqeuDC4Zx7ufeeMOFMG4Q+nNza+sbmVn67sLO7t39QPDxq6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBNOruZ+554qzWJ5a6YJDQQeSRYxgo2V7jy3CvuajQQeFEvI9by6f+FB5Pp15NV8S6rIsgosu2iBElihOSi+94cxSQWVhnCsda+MEhNkWBlGOJ0V+qmmCSYTPKI9SyUWVAfZ4uIZPLPKEEaxsiUNXKjfJzIstJ6K0HYKbMb6tzcX//J6qYlqQcZkkhoqyXJRlHJoYjh/Hw6ZosTwqSWYKGZvhWSMFSbGhlSwIXx9Cv8nbc8tV1z/xi81Lldx5MEJOAXnoAyqoAGuQRO0AAESPIAn8Oxo59F5cV6XrTlnNXMMfsB5+wS6jJBW</latexit>

2.7�

<latexit sha1_base64="FG+VFxLbHqHBWEab58ni8e3JwsE=">AAACCXicbVDNS8MwHE39nPOr6tFLcAiCMFoZ6nE6Dx4UJrgPWEtJ03QLS9OSpMIovXrxX/HiQRGv/gfe/G/Muh1080Hg5b33I/k9P2FUKsv6NhYWl5ZXVktr5fWNza1tc2e3LeNUYNLCMYtF10eSMMpJS1HFSDcRBEU+Ix1/2Bj7nQciJI35vRolxI1Qn9OQYqS05JnQudHhAMHMERFsXN3m8BheeMWNES5zz6xYVasAnCf2lFTAFE3P/HKCGKcR4QozJGXPthLlZkgoihnJy04qSYLwEPVJT1OOIiLdrNgkh4daCWAYC324goX6eyJDkZSjyNfJCKmBnPXG4n9eL1XhuZtRnqSKcDx5KEwZVDEc1wIDKghWbKQJwoLqv0I8QAJhpcsr6xLs2ZXnSfukap9Wa3e1Sv1yWkcJ7IMDcARscAbq4Bo0QQtg8AiewSt4M56MF+Pd+JhEF4zpzB74A+PzB2l8mOg=</latexit>

⇤CDM+Alens



<latexit sha1_base64="w9jVvfkj7Sq1kb3NYS166OpW/HQ="></latexit>

1.88⇥ 10�29g/cm3

= 
m

at
te

r f
ra

ct
io

n 
to

da
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Summary

• The primordial plasma is a beautiful gift of nature. 
• Our measurements of CMB lensing and polarization are largely consistent 

with the highly-precise predictions of LCDM given Planck data. 
• For polarization power this is only the case following a post-unblinding 

change to the analysis: an unjustified assumption about our polarized beams 
was dropped. 

• From the SPT-3G CMB data alone we find, assuming LCDM, H0 = 66.8 +/- 
0.8 km/sec/Mpc, consistent with the Planck result of H0 = 67.3 +/- 0.5 km/sec/
Mpc and inconsistent at 5.4 sigma with SH0ES. 

• Lensing power inference was robust to post-unblinding changes. 
• Our lensing results support prior (weak) evidence for an excess of lensing 

power beyond LCDM expectations. Puzzling neutrino mass situation. 
• There is much more to come from 3G. This was 2 years on 1500 sq. deg. We 

have 5 years on 10,000 sq. deg. “in the can.”

Michael and 
Ester Vaida


