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Born Approximation
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Post-Born Corrections

Born approximation

Gaussian \

K = /1(1) —+ /@'(2) —+ /1(3) + ...
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Post-Born Corrections

Post-Born
Born approximation Non-Gaussian

Gaussian \ A

K = /1(1) —+ /<;(2) —+ /1(3) + ...
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Post-Born Corrections

Post-Born
Born approximation Non-Gaussian

Gaussian \ A

K = Ii(l) —+ /<;(2) —+ /1(3) + ...
k(2 — (L) | . (2D)
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Post-Born Corrections

Post-Born
Born approximation Non-Gaussian

Gaussian \ A

K = /1(1) —+ /4,(2) —+ /1(3) + ...
k(2 — (L) | . (2D)

/N

Lens-lens Ray deflection
coupling
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Ray Deflection §3, 8/
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Power Spectra
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Power Spectra
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Bispectra
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Bispectra

Post-Born and LSS

/ bispectra similar size!
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Quadratic Estimator

$(L) = N(L) / ((;TI;; GV (L', L-L)X@L)Y*(L-L)
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Quadratic Estimator

$(L) = N(L) / ((;TI;; GV (L', L-L)X@L)Y*(L-L)

Tracer fields, off
diagonal
elements
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Quadratic Estimator

$(L) = N(L) / ((;TI;; GV (L', L-L)X@L)Y*(L-L)
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Quadratic Estimator

$(L) = N(L) / ((;TI;; GXY(L/,L - LHX(LY*(L -L)

Weight function Tracer fields, off

diagonal
elements

Normalization
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Kappa (2) Template Robertson 2025
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Ka ppa (2) Tem plate Robertson 2025

d?L
L :—/ LBy, 3PP (Ly)a (La)

Inverse covariance
weighted tracers
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Ka ppa (2) Tem plate Robertson 2025
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Inverse covariance
weighted tracers
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Kappa (2) Template Robertson 2025
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Fisher matrix Post-Born
bispectrum

Inverse covariance
weighted tracers
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Ka ppa (2) Tem plate Robertson 2025
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Ka ppa (2) Tem plate Robertson 2025
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Ka ppa (2) Tem plate Robertson 2025

X d’L ; ;
Ktem L D / : LLllJ/zpB (Ll)a](LQ)

W

Fisher matrix ~ Post-Born  INVerse covariance

weighted tracers
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Tracer Fields Lo -

* CMB lensing convergence kK
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Tracer Fields Lo -
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|s this detectable?

25/08/26 Cosmo-26

Towards a Detection of Post-Born Lensing

S/N {x} o] | {g} o] | {I}[o] | {K,g} lo] | {x,I} (o] | {g,1} [o] | {K,g,1} [o]

klem(2) 6.3 8.6 4.5 12 18 28 29

oM 0.6 8.4 4.5 6.3 15 27 25

kMK (inc. §) 0.6 0.4 0.8 1.2 0.7 0.7 1.0

KEM Ak (inc. 0) || 2.2 2.5 1.7 4.1 5.0 7.5 8.0
Robertson 2025
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|s this detectable?

S/N {x} o] | {g} o] | {I}[o] | {k,g} lo] | {x,I} (o] | {g,1} [o] | {K,g,1} [o]
kiem(2) 6.3 8.6 4.5 12 18 28 29
ke 0.6 8.4 4.5 6.3 15 27 25
kM (inc. §) 0.6 0.4 0.8 1.2 0.7 0.7 1.0
KEM Ak (inc. 0) || 2.2 2.5 1.7 4.1 5.0 7.5
Robertson 2025
Yes!
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DEMNUnNI (Carbone+ 2016)

* Dark Energy and Massive Neutrino Universe
O N-body simulation suite.

O Initial redshift z, = 99.
o Comoving volume (2 h™' Gpc)3.
0 2048° dark matter particles.
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DEMNUnNI (Carbone+ 2016)

* Dark Energy and Massive Neutrino Universe
O N-body simulation suite.

O Initial redshift z, = 99.
o Comoving volume (2 h™' Gpc)3.
0 2048° dark matter particles.

* Ray-traced Kk map
* gand / maps created from 0 shells.
* gand I maps lensed with k shells >g, [
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Results from N-body sims

¢ {na}

* Results from simulations
match theory well

* General increase in power on
large scales, reduction on
small scales
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Next steps

* Apply simulated noise to signal maps.

* Construct template with a reconstructed k from QE.
O New bias bispectra:

NO NO N N

RR K
* Account for other foregrounds (e.g.) tSZ.
* Construct template with real data and get a detection.
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Conclusions

E.A.Chamberlain@sussex.ac.uk

* Weak lensing is approximated along the LoS using the Born
approximation.

* To account for coupled lensing events we apply post-Born
corrections.

* We outline a method of detecting these post-Born corrections and
detect the post-Born signal in an N-body simulation.

* After applying the method to reconstructed lensing fields, we will
be ready to construct the template from real data.
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