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How do we characterize a field?

power spectrum

plus high-order statistics
log-normal variable
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How do we characterize a field?

power spectrum

|

scattering transform
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CNN

apparent “complexity”




cosmic density map 2-order statistics 3-order statistics scattering statistics

slices of 3D MHD simulation




Turing pattern

Ising model

sea temperature

solar UV image

generated with scattering statistics (translation invariant)
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How do we characterize a field?

power spectrum

L
.‘. -". .'.J- A 0 :
u
. : 3!
d » ’ . ""
$ ' . - 2 - <" | YIS A. ) A
> . L AR .
- .
e - - - "..I B
o' - e N v ¥ |

. i 4 3 ._ :

| g et

- . -~ e .

: : - "e
}: 2 4 < ‘e Q& - '.." »
= it o .\. :
b ¢ )
- . 3 -
3 ! . w ‘r' :
:- ) '.‘ ..
»
oY .

scattering transform

?

CNN




from power spectrum to scattering transform
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convolutional network

scale j ~ 1/k

Sz(jla llaj29 12)



wavelets and sparsity

vision cells in brain
(Hubel & Wiesel 1968)

sparse representation of natural images
(Olshausen & Field 1996)

kernels learned in AlexNet
(Krizhevsky, Sutskever, & Hinton 2012)
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Interpretation

modification of 2, 3, 4-point: log bin + stable non-linearity
Ll L

[, L1I,:

structure sparsity s,; = S_2/S1 structure shape sy, = Sz” /52l

Cheng & Menard, 2021b
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arranged by 2nd-order scattering coefficients
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cosmologlcal simulations

COsmology1 (ag+ Q ) whLL PR ;Ccésrfdipgy é(qée,- Qm+)
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inferring cosmological parameters
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Cheng et al. 2020



inferring cosmological parameters e informative

® compact
® robust
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scattering coefficients —>»
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constraining power
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CNN (Ribli+19)
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DES HSC LSST Euclid WFIRST noiseless

noise level
Cheng et al. 2020



HECTOMAP

HSC year 1
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Cheng, Marques, Grandén, Thiele, Shirasaki, Ménard, Liu, 2024



improvement from ST
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Cheng, Marques, Grandon, Thiele, Shirasaki, Ménarq, Liu, 2024




high S8 value
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photo-z issue

C, with z-bin 3
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Cheng, Marques, Grandon, Thiele, Shirasaki, Ménard, Liu, 2024



©— (Gaussian stats. —@—  non-Gaussian stats.
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BOSS galaxies (Georgias Valogiannis) spherical generative model Matt Price)
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one-variable illustration: moments vs scattering

log-normal variable
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extension to cross-correlations

mean: scattering coefficients




extension to cross-correlations

add cross-correlations
Input iImage synthesis from scattering transtorm alone  Corr(l, I %y )




lensing fielo
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overall amplitude of scattering correlations angular variation of scattering correlations
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Cheng, Morel, Allys, Ménard, Mallat, 2024, PNAS Nexus




2D ftluid magnet fluid

cosmic lensing
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anisotropic fluid

of pixels:
65 k

full set
~10 k

reduced set
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How do we characterize a field?

power spectrum

scattering transform

apparent “complexity”
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® number of statistics

® relation to physics



