NYU
physics

Searching for Dark Matter
Interactions with ACT, SPT and DES

Zilu (Tony) Zhou

Work with Neal Weiner (NYU)
24(<10).XXXXX
TeVPA 2024




Outline

- Overview of S8 and recent developments on the tension.
- Discuss “model dependence” of S8 tension.
- Model of dark matter interaction: theory, data and analysis.

- Results and conclusions.



Outline

- Overview of S8 and recent developments on the tension.
- Discuss “model dependence” of S8 tension.
- Model of dark matter interaction: theory, data and analysis.

- Results and conclusions.

Main Points:

- S8tensionis a ACDM inferred tension.

- CMB Lensing can be consistent with both CDM and IDM scenarios.



The S8 Tension: Status Overview
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Q: Do early time measurements 611
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much smaller scales, but still rely on
the Transfer Function to infer S8.

Gerbino et al. 2022




The S8 Tension is a ACDM Tension!



The S8 Tension is a ACDM Tension!

So if we modify ACDM, what is the data telling us?



WZDR+: “Gentle” Dark Matter Interaction
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WZDR+: “Gentle” Dark Matter Interaction

103

10*

Interacting DM

4-Fermi
Operators

DM bm

¥

CDM-like at late 0.4

time

\

Pidm / P, cdm

-
e
-
-
o
-

——

/ at early time

0.25
DM DM
0.20 ‘
@
0.15 1y '

B /\
-0.10 Ap P
0.05

Yukawa
[ 0.00 Operators

0.3

ZZ & Weiner 2024

100



WZDR+: “Gentle” Dark Matter Interaction
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WZDR+ with ACT, SPT and DES

We perform MCMC (CLASS + MontePython) Sampling with:

1. Base: Planck18TTTEEE+BAO+Planck Lensing+tACTDR6 CMB Lensing+Pantheon
2. ACT: ACTDR4 TTTEEE anisotropy

3. SPT:SPT-3G TTTEEE anisotopy

And in addition we consider

4, DES: Y3 Cosmic Shear Spectra P(k)
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Results

Quantifying goodness of fit:

AAIC = X%VZDR-{— - X}?\CDM + 2 X Nextra

- DES-Excluded fit: AAIC=+2.08

- DES-Included fit: AAIC=-16.58
- WZDR+ fits the full data set (CMB+LSS + ACT Lensing + DES) significantly better than

ACDM.



Conclusions & Outlook

- The S8 tension is not a tension between early and late time measurements, but
rather the inferred value from fits assuming ACDM cosmology.

- Modifying the transfer function can result in vastly different conclusions about S8
even when fitting to the same dataset.

- A new physics model like WZDR+ can accommodate all available data that were
thought to conflict each other on S8.

- New physics solutions to S8 are still possible!
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Additional Plots
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D+ACT+SPT+DES D+ACT+SPT+DES
® ®
_._ _._
DHAACT+SPT+DES DHA+ACT+SPT-+DES
D+DES D+DES
® ®
—o— —_—
DH+DES DH+DES
D+ACT+SPT D+ACT+SPT
@ ——
——— ——
DHA+ACT+SPT DH+ACT+SPT
D+SPT D+SPT
@ ———
—_—— -
DH+SPT DHASPT
D+ACT D+ACT
® ——
e —_—
DHAACT DHAACT
D D
® °
D — B —
DH DH
0.75 0.80 68 70 72 74

Sg = Ug\/Qm/OB

Hj [km/s/Mpc]

12



