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DESI  OOPSI→
• Perfectly good fit to CDM… 
 …but  is low (0.297 vs 0.317) 
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DESI  OOPSI→
• Perfectly good fit to CDM… 
 …but  is low (0.297 vs 0.317) 

• Optical depth  anti-correlates 
 with CMB-inferred  (due to lensing)
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DESI  OOPSI→
• Perfectly good fit to CDM… 
 …but  is low (0.297 vs 0.317) 

• Optical depth  anti-correlates 
 with CMB-inferred  (due to lensing) 

•  inferred from large-scale polarization 
   - reionization bump (horizon-scale quadrupole) 
   - largely insensitive to reionization model
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DESI  OOPSI→
• Perfectly good fit to CDM… 
 …but  is low (0.297 vs 0.317) 

• Optical depth  anti-correlates 
 with CMB-inferred  (due to lensing) 

•  inferred from large-scale polarization 
   - reionization bump (horizon-scale quadrupole) 
   - largely insensitive to reionization model 

• Extremely challenging measurement 
   - 100x smaller than temp. 
   - galactic foregrounds, instrumental effects (e.g. ADC non-linearities)
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DESI  OOPSI→
• Perfectly good fit to CDM… 
 …but  is low (0.297 vs 0.317) 

• Optical depth  anti-correlates 
 with CMB-inferred  (due to lensing) 

•  inferred from large-scale polarization 
   - reionization bump (horizon-scale quadrupole) 
   - largely insensitive to reionization model 

• Extremely challenging measurement 
   - 100x smaller than temp. 
   - galactic foregrounds, instrumental effects (e.g. ADC non-linearities) 
   - only 2 independent measurements
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• Focus on statistics-limited, “linear theory”  
 observables (small-scale CMB, CMB lensing, BAO) 

• ~3  tension with Planck low-  polarization 

• coincidentally (?) consistent with WMAP

σ ℓ
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What “should”  be? (in CDM)τ Λ



CMB and BAO are 
consistent within  

CDM (0.9 )Λ σ

8   Dispu able, GGI 2025τ 8

If  τ = 0.09⋆

 

Neutrino mass 
consistent with 
oscillation 
experiments Preference for 

evolving dark  
energy  
3   1.5σ → σ

Preference for 
curvature  
2.4   1.7σ → σ

 is “good enough”⋆τ = 0.08
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Could reionization be more extended?
• yields larger patchy kSZ effect 

  - Cain et al. 2025 claim some tension with SPT

Cain et al. 2025
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Could reionization be more extended?
• yields larger patchy kSZ effect 

  - Cain et al. 2025 claim some tension with SPT 
  - highly model-dependent 
    fixed-shape templates, tSZ (feedback), tSZ x CIB,  
      pkSZ vs hkSZ (reionization morphology), … Reichardt et al. 2020

Cain et al. 2025
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Could reionization be more extended?
• yields larger patchy kSZ effect 

  - Cain et al. 2025 claim some tension with SPT 
  - highly model-dependent 
    fixed-shape templates, tSZ (feedback), tSZ x CIB,  
      pkSZ vs hkSZ (reionization morphology), … 

• Ly  damping constraints 
  - Elbers 2025 claims tension with Ly   
    equivalent-widths/damping wings 
  - highly model-dependent 
    cluster lens model, galaxy-halo connection,  
      reionization morphology, …
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Could reionization be more extended?
• yields larger patchy kSZ effect 
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    fixed-shape templates, tSZ (feedback), tSZ x CIB,  
      pkSZ vs hkSZ (reionization morphology), … 

• Ly  damping constraints 
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  - highly model-dependent 
    cluster lens model, galaxy-halo connection,  
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Could reionization be more extended?
• yields larger patchy kSZ effect 

  - Cain et al. 2025 claim some tension with SPT 
  - highly model-dependent 
    fixed-shape templates, tSZ (feedback), tSZ x CIB,  
      pkSZ vs hkSZ (reionization morphology), … 

• Ly  damping constraints 
  - Elbers 2025 claims tension with Ly   
    equivalent-widths/damping wings 
  - highly model-dependent 
    cluster lens model, galaxy-halo connection,  
      reionization morphology, … 
  - no consensus (yet), e.g. JWST finds 
   large Ly  emission at  
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Wistok et al. 2025

see also Cohon et al. 2025
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Could reionization be more extended?
• yields larger patchy kSZ effect 

  - Cain et al. 2025 claim some tension with SPT 
  - highly model-dependent 
    fixed-shape templates, tSZ (feedback), tSZ x CIB,  
      pkSZ vs hkSZ (reionization morphology), … 

• Ly  damping constraints 
  - Elbers 2025 claims tension with Ly   
    equivalent-widths/damping wings 
  - highly model-dependent 
    cluster lens model, galaxy-halo connection,  
      reionization morphology, … 
  - no consensus (yet), e.g. JWST finds 
   large Ly  emission at  
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• Looking to the future 
  - kSZ 4-point 
  - 21 cm fluctuations 
  - future space-based CMB missions



15   Dispu able, GGI 2025τ 15

Final thoughts
• within CDM  from statistics-limited,  
 “linear”-theory observables 

• can rephrase DESI preference for  as a “  tension” 

•  is a single-point failure for CMB inference (e.g.  , ) 
  - critical for determining significance of beyond- CDM physics from BAO+CMB 
  - all modern CMB analyses rely on Planck (not constrained by ACT, SPT, SO) 

• larger  softens additional tensions, unlike  (e.g.  ,  km/s/Mpc)

Λ τ = 0.090 ± 0.012

w0wa τ

τ σ8 Ωm
Λ

τ w0wa Alens ≃ 1 H0 ∼ 68.5

The End


