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CMB lensing and cosmology: 
current status and future outlook

W.L. Kimmy Wu
Caltech

Ad ASTRA Workshop @ Pasadena
September 1, 2026

Background: new CMB lensing map using SPT-3G data
Omori, KW et al. (SPT-3G collaboration; arXiv: 2608.31136)
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CMB lensing
lensed field(n̂) = unlensed field(n̂+r�)

𝜙: weighted gravitational 
potential integrated along the 
line of sight 

Image credit: ESA

2



B(n̂) (±2.5µK)

T(n̂) (±350µK)

E(n̂) (±25µK)

unlensed

(no primordial B-modes)



B(n̂) (±2.5µK)

T(n̂) (±350µK)

E(n̂) (±25µK)

(no primordial B-modes)

lensed



lensed

r = 0.1B(n̂) (±2.5µK)

T(n̂) (±350µK)

E(n̂) (±25µK)



W.L. Kimmy Wu, CaltechCMB Probe+: A full sky millimeter/submillimeter-wave polarimetric imager and spectrometerCMB lensing

Can we use the lensed CMB to compute 𝜙? Yes!
Lensing introduces off-diagonal power in CMB map covariances

hx(`̀̀)x0(`0`0`0)iCMB = f↵(`̀̀,`
0`0`0)�(LLL)

functions of unlensed 
T/E/B spectra 

(Hu & Okamoto, 2002)

hX(l)Y ⇤(l� L)i = 0
<latexit sha1_base64="PW/ttd4c4fkyL7ho9N4bv5QLwj8=">AAAB+nicbVDJSgNBEK2JW4xbokcvjUHwEMKMuB1DRPAYIZtkhtDT6Uma9PQM3T1KGPMpXjwo4tUv8ebf2FkOmvig4PFeFVX1/JgzpW3728qsrK6tb2Q3c1vbO7t7+cJ+U0WJJLRBIh7Jto8V5UzQhmaa03YsKQ59Tlv+8Hritx6oVCwSdT2KqRfivmABI1gbqZsvtEv3yGUCuWm9dFOquuNuvmiX7SnQMnHmpAhz1Lr5L7cXkSSkQhOOleo4dqy9FEvNCKfjnJsoGmMyxH3aMVTgkCovnZ4+RsdG6aEgkqaERlP190SKQ6VGoW86Q6wHatGbiP95nUQHV17KRJxoKshsUZBwpCM0yQH1mKRE85EhmEhmbkVkgCUm2qSVMyE4iy8vk+Zp2bkon9+dFSvVeRxZOIQjOAEHLqECt1CDBhB4hGd4hTfryXqx3q2PWWvGms8cwB9Ynz8FB5KS</latexit>

X,Y 2 {T,E,B}

hX(l)Y ⇤(l� L)i / �(L)
With lensing
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About 40  each measurements 
covering complementary scales

σ

CMB lensing measurements now at high signal-to-noise 
and a precision cosmology tool
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Primary CMB + CMB lensing measurements from the three 
experiments are consistent with each other; all supporting LCDM.
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Primary CMB + CMB lensing measurements from the three 
experiments are consistent with each other; all supporting LCDM.

Distance between CMB vs DESI BAO in LCDM: 2.8  —>  
dynamical dark energy, “negative” neutrino mass, etc.

σ

New (just posted!) CMB lensing measurement reduces that.
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Example: latest SPT-3G CMB lensing reduces preference for CDMw0wa

Status of DESI vs CMB distance in LCDM prior to latest CMB lensing

9
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Example: latest SPT-3G CMB lensing reduces preference for CDMw0wa

Status of DESI vs CMB distance in LCDM prior to latest CMB lensing
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Example: latest SPT-3G CMB lensing reduces preference for CDMw0wa

Status of DESI vs CMB distance in LCDM prior to latest CMB lensing
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Example: latest SPT-3G CMB lensing reduces preference for CDMw0wa

CMB lensing focused view:
If CMB lensing gives higher or lower , 

that’ll increase or decrease the distance to BAO
σ8Ω0.25

m

Status of DESI vs CMB distance in LCDM prior to latest CMB lensing
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Example: latest SPT-3G CMB lensing reduces preference for CDMw0wa

Omori, KW et al. (SPT-3G collaboration)
(arXiv: 2608.31136)

With new CMB lensing from SPT-3G (on arXiv yesterday!)

CMB lensing reduced distance between 
CMB+CMB lensing and DESI BAO
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Example: latest SPT-3G CMB lensing reduces preference for CDMw0wa

Omori, KW et al. (SPT-3G collaboration)
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Example: latest SPT-3G CMB lensing reduces preference for CDMw0wa

Omori, KW et al. (SPT-3G collaboration)
(arXiv: 2608.31136)

With new CMB lensing from SPT-3G (on arXiv yesterday!)

Distance now at 1.9  in  plane between 
DESI BAO and CMB + CMB Lensing (teal)

σ hrd − Ωm CMB lensing reduced distance between 
CMB+CMB lensing and DESI BAO
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Example: latest SPT-3G CMB lensing reduces preference for CDMw0wa

Distance now at 1.9  in  plane between 
DESI BAO and CMB + CMB Lensing (teal)

σ hrd − Ωm CMB lensing reduced distance between 
CMB+CMB lensing and DESI BAO

Preference for  being away from LCDM expectation is a projection of tension 
between DESI BAO and CMB (primary + lensing) in LCDM; 

Reduced distance between BAO and CMB —> reduce preference for 
. Signif

(w0, wa)

(w0, wa) ≠ (−1,0) σ

11

Omori, KW et al. (SPT-3G collaboration)
(arXiv: 2608.31136)
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Example: latest SPT-3G CMB lensing reduces preference for CDMw0wa

Distance now at 1.9  in  plane between 
DESI BAO and CMB + CMB Lensing (teal)

σ hrd − Ωm CMB lensing reduced distance between 
CMB+CMB lensing and DESI BAO

Preference for  being away from LCDM expectation is a projection of tension 
between DESI BAO and CMB (primary + lensing) in LCDM; 

Reduced distance between BAO and CMB —> reduce preference for 
. Signif

(w0, wa)

(w0, wa) ≠ (−1,0) σ

CMB lensing, measured at ~60 , contributes signif


σ
σ

11

Omori, KW et al. (SPT-3G collaboration)
(arXiv: 2608.31136)
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Delensing already making a 
difference for r
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Delensing already making a 
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CMB-S4 Science book (incl. KW)
(arXiv: 1610.02743)

For relevant constraints on , we need 
large sky, deep maps, small beams. 

Neff

Nakato, KW et al. (SPT-3G collaboration; arXiv: 2608.06343)
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• CMB lensing redshift kernel reaches reionization and beyond —> a clean probe to anchor other 
biased tracer of LSS.

• Probe for , axions, neutrinos, modified gravity from auto-spectrum and/or cross-
correlations. 

fNL

Full-sky high SNR per-mode lensing map will enable plethora of science

CMB-S4 Science book (incl. KW)
(arXiv: 1610.02743)
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• CMB lensing went from first detection to a precision cosmology probe in 
the last ~15 years.

• At ~60 , CMB lensing push/pull distance from DESI BAO when 
combined with primary CMB. Deep CMB lensing measurements is 
already enabling efficient delensing for r today.

• CMB Probe+ will provide lensing spectrum measurements at hundreds 
of , with high SNR per-mode, probing beyond mildly non-linear scales, 
and full-sky coverage.

• In addition to the new physics CMB lensing itself can probe, these future 
lensing measurements will enable exciting science across multiple scales 
and redshifts in cross-correlation with other tracers of LSS.

σ

σ

Summary

14

Background: new CMB lensing map using SPT-3G data
Omori, KW et al. (SPT-3G collaboration; arXiv: 2608.31136)

For likelihood and 
chains of latest 
SPT-3G lensing
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SPT-3G D1 
(This work)

Like primary CMB measurements, SPT-3G lensing bandpowers complement those 
from Planck and ACT 

16
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Alens = 1.021± 0.022
(~47  measurement!) σ

More precise Cκκ
L

Omori, KW et al. (SPT-3G collaboration; arXiv: 2608.31136)
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• CMB lensing best constrains the 
parameter combination .

• SPT-3G D1 GMV provides tightest 
 measurement from CMB 

lensing to date.
• Combining Planck, ACT, and 

SPT-3G GMV lensing, uncertainty 
on  is on par with Planck’s 
primary CMB (~1.4%)

σ8Ω0.25
m

σ8Ω0.25
m

σ8Ω0.25
m

Results: 1.4% measurement of  σ8Ω0.25
m

17

SPT-3G D1 GMV 
(This work)

AP lens + GMV 
(This work)

SCMB
8 ≡ σ8(Ωm/0.3)0.25

Omori, KW et al. (SPT-3G collaboration; arXiv: 2608.31136)
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Deviation of : 

CMB+BAO (2.1 )

• + Pantheon+ (2.5 )

• + DES-Dovekie (2.9 )

• + Union3 (3.3 )

(w0, wa) ≠ (−1,0)

σ

σ

σ

σ

 CDMw0wa
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How does neutrino mass sum shift?

<latexit sha1_base64="1nsIHePGSaXUS35eYszh6B6o45g="></latexit>X
m⌫ < 0.067eV (CMBSPA + BAODESI)

baryons+CDM Mν
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(Latest published 
datasets)

Omori, KW et al. (SPT-3G collaboration; arXiv: 2608.31136)
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How does neutrino mass sum shift?

<latexit sha1_base64="1nsIHePGSaXUS35eYszh6B6o45g="></latexit>X
m⌫ < 0.067eV (CMBSPA + BAODESI)

<latexit sha1_base64="eFOAsv7CyGpbfwPcdK2+sbMsq6M="></latexit>X
m⌫ < 0.072eV (GPA +CMBSPA + BAODESI)

<latexit sha1_base64="fdh3eJxC6ujE53p8MfKSIQBmLJI="></latexit>X
m⌫ < 0.058eV (MPA +CMBSPA + BAODESI)

baryons+CDM Mν

Total matter

(Latest published 
datasets)

Omori, KW et al. (SPT-3G collaboration; arXiv: 2608.31136)



W.L. Kimmy Wu, Caltech

How does neutrino mass sum shift?
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Inverted hierarchy isn’t as disfavored.

baryons+CDM Mν

Total matter

(Latest published 
datasets)

Omori, KW et al. (SPT-3G collaboration; arXiv: 2608.31136)
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Lens the E modes to get the lensing B modes
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Lens the E modes to get the lensing B modes
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Lens the E modes to get the lensing B modes
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