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Lensing effects, one of the (many) 
secondary effects

Intervening 
potential well

• ISW effects in linear and 
nonlinear regimes
• SZ effects
• Lensing effects
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Lenses on CMB

• The principle

( ) ( )ξαα += TT̂
displacement field

• Large scale mode couplings
• Extra small scale power
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On the polarization
• Similar effects on the polarization 

components

The Lens                    The E field        and the B field
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Consequences (1)
• Mode couplings that induce specific 

higher order correlation functions 
(FB ’97 + …)

• Possibilities of reconstructing the 
lens power spectrum from CMB 
temperature and polarization 
(Zaldarriaga & Seljak ‘99 + …)
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Lenses on CMB: intrinsic effects

• Temperature 4-pt correlation function
• Temperature tri-spectrum (Hu ’01)

• Measuring the convergence power spectrum 
from T and B observations
– Mathematically impossible to deconvolve B and get 

the convergence field (from one given realization), 
Benabed et al. ‘00

– Optimal reconstruction schemes when CMB is 
viewed as a source plane covered with random 
structures (e.g. a cosmic shear approach)
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Trispectrum and 4-pt function
• The tri-spectrum in the small angle approximation

• The 4-point function
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Other statistical effects

• Hot spot correlation function
» Takada et al. ‘00

• Temperature ellipticity statistics, 
cumulants

» Bernardeau ’99, Kesden et al. ‘02

• Genus and Minkowski functionnals
» Schmalzing et al. ’00, Takada ‘01

• …
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<9>Reconstructing the convergence 
power spectrum 

Hirata & Seljak ’03, Hu & Okamoto ’02, 
Kesden, Cooray & Kamionkowski ‘03

• Correlation functions give the Fourier modes 
of the potential to a kernel function,
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The reconstructed power spectrum, 
Hu & Okamoto ‘02

Reference experiment: 
a nearly perfect 
experiment with a 
noise level of ∆T = 
∆P/√2 =1µK-arcmin 
and a beam of  = 4′
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Reconstructing the convergence 
maps, Hirata & Seljak ’03

Quadratic estimators Maximum likelihood
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Consequences (2)
• Expected correlations 

with local surveys that 
share a fair amount of 
potential wells : CMB-
LSS correlations
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CMB LSS correlations

• How many haloes are in common?

• Detecting CMB LSS correlations
– Through temperature field
– Through polarization field
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CMB temperature – LSS 
correlations van Waerbeke et al. ‘00
• To see the temperature field as a distorted source 

plane with Gaussian fluctuations
• Local ellipticity parameter

• … correlated with galaxy ellipticities
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CMB Polarization - LSS correlations
• Given what we know the expected ∆B field is 

Benabed et al. ’00

– It gives an expected signal with cosmic variance = 
2 to 5 % for 100 □2
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The CMB LSS cross-spectra
Hu & Okamoto ‘02

• It is always possible to 
correlate convergence 
reconstructed field and galaxy 
convergence fields

• CMB-cosmic shear 
correlations for different 
source planes
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What would we learn ?
• Constraints on 

cosmological 
parameters

• Constraints on the 
dark energy equation 
of state from the NL 
power spectrum

• Test of large-scale 
gravity
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Further consequences

• Any tracer of the large-scale structure 
is bound to be correlated with CMB 
anisotropies and polarization
– Large–scale structure is traced by dusty 

star–forming galaxies, that also induce 
anisotropies in the far–infrared background 
(FIRB), Song et al. 02.
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Remarks

• Other possible CMB-LSS correlation 
effects
– ISW effect at large scale due to the time 

variation of the linear potentials in non EdS
universe (large angular scales)

– Thermal and kinetic SZ effects from 
clusters : probably the principal source of 
worries for accurate reconstructions the 
convergence maps
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Conclusions
• The reconstruction methods for the lens 

fields are established on solid grounds 
although further numerical studies are 
needed (see Amblard, Vale & White ‘04)

• So far no detection of cross-correlation (Hirata 
et al. ‘04)

• Such methods open the way to tomographic
exploration of the dark matter distribution of 
the Universe in conjunction with cosmic shear 
measurements.

• Looking forward to Planck+CFHTLS (SNAP / 
JDEM) data… 
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