Enhancing
cosmic shear
with the multi-
cale lensing PDF
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Weak lensing:

A powerful cosmological probe

(Asgari et al. 2021)
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Beyond two-point statistics:

what can the convergence tell us?

High smoothing
(60 arcmin)
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Beyond two-point statistics:
- “The lensing PDF”

High smoothing
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Beyond two-point statistics:
“The lensing PDF”

1.5

Giblin et al. (2023)
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PDF vs 2pt Stats

The sanity test: a Gaussian field

) C(e”) clgle PDF(K) \\ PDF, No smoothing
predictions from healpy. PDF , o, = 30 arcmin
' PDF , 0, =60 arcmin
« Combined PDF PDF Combined

constraints converge to
C(ell) constraints.
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PDF vs 2pt Stats

The test case: a lognormal field

’ C(e”) clgle PDF(K) PDF, No smoothing
predictions from FLASK. PDF , o, — 30 arcmin
' PDF, 0, =60 arcmin
« Combined PDF PDF Combined

constraints offer
significant improvement

on the C(ell)

Lognormal
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Moving towards real cosmological fields:

how do we model the cosmological dependence?
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....with numerical simulations!

cosmoSLICS
(Harnois-Déraps, Giblin and Joachimi, 2019)

(i S



Lensing PDF - arXiv 2211.05708 - B. Giblin

....with numerical simulations!

Low redshift
¥ (01<z<0.3)

High redshift
(0.9<z<1.2)

Density [SNR

Giblin et al. (2023)
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Cosmoloaical constraints

Simulated “data” tailored to match
KiDS-1000

— 2.2 arcmin

~ —— 13.2 arcmin
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Cosmological constraints

Giblin et al. (in 2023)
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Cosmological constraints

~50%
Improvement
on Ss constraint

~45%
Improvement
for wo

Giblin et al. (in 2023)
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Cosmological constraints

Simulated “data” tailored to match
LSST

The combined-scale PDF
captures all of the
iInformation in the 2PCF
and more.

~806%-98% gains In
precision

Giblin et al. (in 2023)
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Summary

« There’s information beyond 2nd order in our data!

» The lensing PDF is one way to get at it, by measuring the non-Gaussianity
of the field directly.

« Measuring the lensing PDF on different scales is the key to optimising
constraining power.

- For a Stage-lll WL surveys, improvements over 2PCFs of ~30-50%.

« The future is bright! With LSST this approach really starts to shine.



