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Enable x-correlations despite missing k∥ modes 
Simpler modeling 
New source plane at intermediate z  
 
Foregrounds: line/continuum  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Motivation:

Challenges:

Lensing from intensity maps?

➞ Schaan Ferraro Spergel 18



The CIB as a sandbox

Generic IM properties: 
Traces matter at z~2  
Complex relation matter-intensity  
Weak and modeled non-Gaussianity 
Difficult foreground: Milky Way dust 

Pros: 
Data exists  
Foreground-cleaned maps exist Herschel, 
Planck, Lenz+18, … 

Cons: 
No redshift information 
Extends to z=0  

Emmanuel Schaan
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Featureless power ➞ lensed = unlensed
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→ Lensing not detectable from mean power spectrum 
Cooray 04, Lewis Challinor 06, Schaan+18



Lensing is always observable locally

Emmanuel Schaan

→ Measure shear and magnification from local power 
Zaldarriaga Seljak 98, Lewis Challinor 06, Lu Pen 08, Lu Pen Doré 09, Bucher+10, 

Prince+17, Schaan Ferraro18

Unlensed Magnification Shear
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Non-Gaussianity ➞ Prefer cross over auto

Emmanuel Schaan

Trispectrum is a bias in auto… 
➞ Difficult to model and subtract 

… but simply noise in cross-correlation

hi / hTTTT i
/ C2 + trispectrum

 / TT =)

N
L ⇠

⇣�C0

C0

⌘2
⇠ 2⇡

Nmodes| {z }
Gaussian noise

+
T 0

4(C0)2| {z }
non-Gaussian correction

➞ Lowers SNR  and modifies optimal lensing weights

Schaan Ferraro Spergel 18



SNR: angular resolution is key

Emmanuel Schaan
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FIG. 7: Noise per multipole on the lens reconstruction from the CIB, using the Gaussian weights in the quadratic estimator.
Solid black lines show the lensing signal and the lensing reconstruction noise. The solid red curve shows the lensing noise
expected if te CIB were perfectly Gaussian. The dashed red curve shows the extra lensing noise due to the shot noise
trispectrum. Left panel: Planck specifications. As explained above, the CIB trispectrum cannot a↵ect the lensing noise in
a detectable manner, since it is not detected by the optimal collapsed trispectrum estimator. In particular, the lensing noise
due to the CIB shot noise trispectrum is negligible compared to the Gaussian noise.
Right panel: CCAT Prime experiment. The lensing noise is dominated by the non-Gaussian contribution, i.e. the CIB
trispectrum. The lensing modes between a few and 50 are imaged.

FIG. 8: Contribution from the various ` modes of the CIB temperature map to the lensing potential at L = 100, for the
Planck CIB (solid red curve) and the CCAT Prime CIB (solid blue curve) at 545GHz. In order to show both curves on the
same figure, they have been normalized to have a maximum value of one. The dashed lines show the expected curves for Planck
and CCAT when including only sample variance mode counting (Eq. 23, N

L = 2⇡/Nmodes) and detector noise. They show
that most of the lensing information comes from the highest multipoles that are signal dominated in the CIB map, since they
contribute the largest number of modes.

[32]. We use `max T = `max P = 2000. This reproduces the lensing noise measured by the Planck collaboration [14].
For CMB lensing from CMB S4, we assume a 10 FWHM beam, 1µK0 noise in temperature and

p
2µK0 noise in E

and B-mode polarization at 143 GHz [36, 37], and assume `max T = 3000 and `max P = 5000. For the CMASS galaxy
sample, we assume a galaxy number density of 0.02 arcmin�2 and bias of 2, on 24% of the sky. For the WISE
galaxy catalog, we assume 0.06 galaxies per squared arcmin, with a bias of 1.13, over 40% of the sky. The redshift
distributions of CMASS and WISE are shown in Fig. 9.

As shown in Tab. 10, with existing Planck CIB data, the auto-power spectrum of CIB lensing is not detectable.
However, the cross-correlations of CIB lensing with higher signal-to-noise tracers should be highly significant, including
the cross-correlations with CMB lensing, and galaxy catalogs like WISE or CMASS. With CCAT Prime data, CIB
lensing will be detectable in auto and cross-correlation at high significance. CIB lensing will therefore provide an
independent measurement of the amplitude of structure. However, the cosmological interpretation of this measurement
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FIG. 7: Noise per multipole on the lens reconstruction from the CIB, using the Gaussian weights in the quadratic estimator.
Solid black lines show the lensing signal and the lensing reconstruction noise. The solid red curve shows the lensing noise
expected if te CIB were perfectly Gaussian. The dashed red curve shows the extra lensing noise due to the shot noise
trispectrum. Left panel: Planck specifications. As explained above, the CIB trispectrum cannot a↵ect the lensing noise in
a detectable manner, since it is not detected by the optimal collapsed trispectrum estimator. In particular, the lensing noise
due to the CIB shot noise trispectrum is negligible compared to the Gaussian noise.
Right panel: CCAT Prime experiment. The lensing noise is dominated by the non-Gaussian contribution, i.e. the CIB
trispectrum. The lensing modes between a few and 50 are imaged.

FIG. 8: Contribution from the various ` modes of the CIB temperature map to the lensing potential at L = 100, for the
Planck CIB (solid red curve) and the CCAT Prime CIB (solid blue curve) at 545GHz. In order to show both curves on the
same figure, they have been normalized to have a maximum value of one. The dashed lines show the expected curves for Planck
and CCAT when including only sample variance mode counting (Eq. 23, N

L = 2⇡/Nmodes) and detector noise. They show
that most of the lensing information comes from the highest multipoles that are signal dominated in the CIB map, since they
contribute the largest number of modes.

[32]. We use `max T = `max P = 2000. This reproduces the lensing noise measured by the Planck collaboration [14].
For CMB lensing from CMB S4, we assume a 10 FWHM beam, 1µK0 noise in temperature and

p
2µK0 noise in E

and B-mode polarization at 143 GHz [36, 37], and assume `max T = 3000 and `max P = 5000. For the CMASS galaxy
sample, we assume a galaxy number density of 0.02 arcmin�2 and bias of 2, on 24% of the sky. For the WISE
galaxy catalog, we assume 0.06 galaxies per squared arcmin, with a bias of 1.13, over 40% of the sky. The redshift
distributions of CMASS and WISE are shown in Fig. 9.

As shown in Tab. 10, with existing Planck CIB data, the auto-power spectrum of CIB lensing is not detectable.
However, the cross-correlations of CIB lensing with higher signal-to-noise tracers should be highly significant, including
the cross-correlations with CMB lensing, and galaxy catalogs like WISE or CMASS. With CCAT Prime data, CIB
lensing will be detectable in auto and cross-correlation at high significance. CIB lensing will therefore provide an
independent measurement of the amplitude of structure. However, the cosmological interpretation of this measurement
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Planck (l=2000):             10-6         +            10-8 
CCAT (l=30000):            10-8         +            10-7



Bispectrum biases cross-correlations

Emmanuel Schaan

➞ Bispectrum may bias both auto and cross-correlation
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Well-known in CMB lensing van Engelen+14, Osborne+14, Ferraro Hill 18, Schaan Ferraro 18 
Shear-convergence split very powerful in Poisson regime Schaan Ferraro 18 
Subtract signal from emission template  
Bias-hardening Namikawa+13, Foreman+18



Bispectrum biases cross-correlations

Emmanuel Schaan

➞ Bispectrum may bias both auto and cross-correlation
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Conclusions 
arxiv:1802.0576, arxiv:1804.06403

Lensing from IM enables cross-correlations and simplifies 
modeling 

CIB lensing is detectable; resolution is key 

Trispectrum biases auto, but only noise in cross 

Bispectrum biases both auto and cross, like in CMB lensing 
➞ Many mitigation techniques exist

Emmanuel Schaan





Generalizing the quadratic estimator

Gaussian case:

Non-Gaussian case:

Set of estimators:

→ Combine by inverse-variance weighting

→ CIB trispectrum modifies the optimal weights 
→ Extra noise & noise bias in auto-correlation
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→ Very significant foreground biases in QE 
→ Dramatic improvement with shear! 
→ Magnification: sensitive null test

Schaan Ferraro 18



Solution? Shear/magnification for CMB
Schaan Ferraro 2018 (arxiv:1804.06403)
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Dramatically reduce foreground contamination 
Push to smaller scales 
Double effective survey area

Emmanuel Schaan


