Reconstructing the shape of the nonlinear
matter power spectrum using CMB lensing
and cosmic shear
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Different probes for the growth of structure
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Possible solutions to the Ss tension

Systematics and
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Baryonic feedback and the Ss tension
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New Physics and the Ss tension
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Goal

104 5
Measure suppression or enhancement of
the observed matter power spectrum with
respect to a fiducial matter power spectrum
as a function of scale (k).
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Model

We propose to modify the matter power spectrum by some parameters ai over a range of K's

P(k,2) = SN a;B(k, kL, kM) PR4(k, 2)
where:

1, ifkl<k<k!

B(k, kL, k) =
(k, ki ki) {O, otherwise



CMB Lensing
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Quantifying scale-dependence
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Mild indication for scale
dependence (0-1.8) found only for
the joint fit with ACT+DES using
Halofit mead2020 (DM only).

We see an scale-independent
offset with just DES data.

This means we need data from
probes like CMB lensing to fix the
linear scales.
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Other works that aimed to reconstruct P(k)

Amon and Efstathiou (2022) and Preston et al (2023) introduced a simple phenomenological
model to reconstruct P(k).

Py (k, 2) = Py (k, 2) + Amoa[ P “ (k, 2) — Py(k, 2)]

We fit our a parameters to a variation of this model that frees up the amplitude of the linear
matter power spectrum:

P (k, 2) = |Amoa lPE (K, 2) + Amoa 2PNV (k, 2) — PL(k, 2)]
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Comparison to Amon et al. 2023 model.

1.1

P(k)/PPM (k)

o
~

0.5

e DES (opre =1.55) === Amod,1 and Amog,2 fit for ACT+DES
——r Amod,l and Amod,2 fit for DES  ------- Amod = 0.8
¢ ACT+DES (0pre = 1.79)

=-.---u.-u-u+.-a'-'-"e=.=m ----------- f B e it

=RZ5
-
"N~
e
T~
o

o |

~

~——

. ~—
. -~ —

8 e ——————

. TS T I hc

SRR T
Wied 3] i8R e
....................
e TS Tehbt R R L T T LT T T T Py I
- ————

1072

10-1

10° 10!
k [hMpc~1]

ACT+DES joint fit
agrees with the Amon+
and Preston+ papers.

DES-only fit prefers a
Amod # 1

14



mm Universe 2025

Lin et al. 2023 - Late Time Modification of Structure
Growth and the S8 tension (arxiv:2308.16183).

Evolving Dark Energy at late times
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Comparison to baryonic feedback and DM models
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Conclusions

e We find mild indication for a scale-dependent matter power spectrum suppression at
non-linear scales with the joint fit (ACT+DES), and a scale-independent offset with DES: we
need both data sets to reconstruct P(k) across this wide range of scales.

e The model from Amon and Efstathiou with Amod = 0.8 roughly describes the shape and
scale of suppression for the joint fit (ACT+DES).

e The SP(k) model for baryonic feedback and the ultralight axion dark matter model
adequately describe the shape and scale of suppression. But impossible to distinguish
between the two effects. We need more accurate baryonic feedback models!

e Redshift-dependent suppressions can manifest as scale-dependent suppressions (Limber

integral).
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