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Ray-deflection: first lens changes location of second lensing event

+

Linear approximation

Post-Born lensing

=

e.g. more net lensing



+

Linear approximation

Post-Born lensing

=

Lens-Lens coupling: Beam size (and shape) affected by first lensing event

e.g. less net lensing



+

+ 𝜅 + 𝛾

Lens-Lens with two non-aligned shears ⇒ rotation  

=

𝜔



- Negligible change to convergence spectrum

- Non-zero rotation spectrum

Effect on lensing convergence and rotation power spectra



Impact on CMB polarization 

Small on large scales:

For rotation:

~2.5% of B mode 

amplitude from rotation



How Gaussian is the lensing potential field?

Non-Gaussianity potentially important:

- Useful extra signal? (Namikawa 2016 + Jia Liu talk)

- Biases on lensing quadratic estimators (Boehm et al 2016)

- Corrections to the lensed CMB power spectra (Marozzi et al 2016)

Large distance to CMB ⇒ many independent lenses

Expected to be quite small:

⇒ Gaussianization by central limit theorem

But how non-Gaussian, and what shape?...



Flat sky approximation:

If you know 𝜅 𝑙1 , 𝜅 𝑙2 , sign of 𝑏𝑙1𝑙2𝑙3tells you which sign of 𝜅 𝑙3 is more likely

Bispectrum

〈𝜅 𝑙1 𝜅 𝑙2 𝜅(𝑙3)〉 =
1

2𝜋
𝛿 𝑙1 + 𝑙2 + 𝑙3 𝑏𝑙1𝑙2𝑙3

𝑙2

𝑙3

𝑙1 𝒍𝟏 + 𝒍𝟐 + 𝒍𝟑 = 𝟎

𝜅 𝑙1 𝜅 𝑙2 = 𝛿 𝑙1 + 𝑙2 𝐶𝑙
𝜅

- power spectrum encodes all the information

- modes with different wavenumber are independent

Gaussian + statistical isotropy 

Flat sky approximation:  𝜅 𝑥 =
1

2𝜋
∫ 𝑑2𝑙 𝜅(𝑙)𝑒𝑖𝑥⋅ 𝑙



+

+

+

𝑙1 + 𝑙2 + 𝑙3 = 0, 𝑙1 = 𝑙2 = |𝑙3|Equilateral

=

b>0

b<0

𝑙1

𝑙2

𝑙3

𝜅(𝑙1) 𝜅(𝑙2)

−𝜅(𝑙3)

𝜅(𝑙3)

AL: The Real Shape of Non-Gaussianities, arXiv:1107.5431



In 2D projection (e.g. lensing)

Positive equilateral bispectrumClusters

(+sight-aligned filaments)



Near-equilateral to flattened/folded:

b<0b>0

𝑙2

𝑙3
𝑙1

𝑙2

𝑙3

𝑙1

b<0b>0



Positive flattened bispectrum

In 2D projection (e.g. lensing)

Filaments

(+sight-aligned sheets)



LSS has positive bispectrum, hence 𝜅 bispectrum from LSS also positive.

What about post-Born?

Big negative lens-lens effect Zero lens-lens effect

Negative flattened bispectrum



Unexpectedly small folded Gaussianity of the CMB lensing convergence!

Post-born LSS

Convergence Bispectrum

+ = Total



This cancellation is a fluke, LSS dominates at lower redshifts



Naïve S/N for post-Born and total bispectrum

Can measure 𝜔 from 

its bispectrum with 𝜅?

Discussion question: What is the optimal estimator for the 𝜅 bispectrum from CMB?

Negligible

Small but may be 

important for S4

But note bispectrum may be much more significant for cross-correlations (with higher S/N tracer)



Conclusions

Post-Born impact on power spectra negligible for near future

- O(0.2%) on power spectra

- Blue-spectrum rotation B-mode power negligible for 𝑟 > ~10−5

As important as LSS for the CMB convergence bispectrum

- Nearly cancels for aligned-mode bispectra 

(completely changes LSS-only shape: mostly equilateral left)

- Potentially detectable with near-future data (25𝜎 with S4)

May be able to detect rotation via 𝜅𝜅𝜔 bispectrum


