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Hints of New Physics from data?
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Where can NP hide?

Cosmological observables |
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Where can NP hide?

_Cosmological observables |

. Pressure
- Modified bkg
- New forces

- Late-time injection of
fluctuations



Long-range forces in the DS

Dark sector Visible sector

.l Archidiacono, Castorina, Redigolo, Salvioni - 2204.08484
SB, Castorina, Costa, Redigolo, Salvioni - 2309.11496
SB, Castorina, Costa, Redigolo, Salvioni - 2407.18252
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Keep vour feet on the (back)ground

Time dependent DM mass

Evolution of ¢ sourced by
the DM number density



Keep vour feet on the (back)ground

Time dependent DM mass
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Keep vour feet on the (back)ground

Time dependent DM mass

Mediator becomes DM CD )(
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Keep vour feet on the (back)ground

Time dependent DM mass

Mediator becomes DM Cﬂ )(
f,, ~ Blog*(H,/m,)
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Effects on CMB: what matters is the journey
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What'’s the Matter (Power Spectrum)?
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What'’s the Matter (Power Spectrum)?
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What'’s the Matter (Power Spectrum)?
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What'’s the Matter (Power Spectrum)?

Scale-free growth factor at
scales relevant for LSS
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The most DESIrable model?

Analysis by Andrea Clini, with
Archidiacono, Castorina, Zhang
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Instantaneous injection of fluctuations

Dark matter Visible sector

Dark sector

Secluded Dark Sector that sources

fluctuations
SB, Geller, Redigolo, Tsur - 2605.03007



Instantaneous injection of fluctuations

Dark matter Visible sector

Example: First order phase

transition after recombination
SB, Geller, Redigolo, Tsur - 2605.03007



Boiling after Recombination

As they expand, bubbles induce
time-dependent metric fluctuations
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From Producer to Consumer

How to characterise
GH = 8nG (T”” + TH )
N\"ACDM © "Ds the Stress-Tensor?

Covariant conservation + Instantaneous approx.

T(g) ) TiO X pDSH(V] — 1)
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How to characterise
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From Producer to Consumer

Jinno, Takimoto - 1605.01403 o
inno, Takimoto G = 8xGo (T o+ T How to characterise
Kosowsky, Turner - Phys.Rev.D 47 (1993) 4372-4391 — Ot N ACDM DS the Stress TenSOr’)

Kosowsky, Turner, Watkins - Phys.Rev.D 45 (1992) 4514-4535
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The Integrated Sachs-Wollfe effect
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Scalar Vector Tensor

Photons get a net redshift as they go through
time-dependent metric fluctuation




The Integrated Sachs-Wollfe effect

Signal peaks at the angular
size of the bubbles

. Position of the peak in the CMB spectrum
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The Integrated Sachs-Wollfe effect

Signal scaling |
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Matter Power Spectrum
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Matter Power Spectrum

Modes produced
outside the horizon:

they grow only after | o ____
horizon crossing | M\
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Modes produced
outside the horizon:
they grow only after

horizon crossing

Matter Power Spectrum
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Matter Power Spectrum
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Results

Energy fraction is
constrained to be at

most 10~% by CMB
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Outlook

Higher-order Bispectrum

correlation functions

Non-Gaussianities

All CMB components are affected

Pre-recombination

. Power Spectrum as powerful as CMB
dynamics

Significant B-modes

Characterising the
source
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Conclusions

— e

Unprecedented
sensitivity. Hints of |
new dynamics?

Plenty of new teatures |
imprinted in cosmological
observables *
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Future can be bright even if completely dark!



From Producer to Consumer

Tensor

I Numeric
— Analytic

109 -

— 10—1 -

~
= 10724

1072

107 -

1072 107" 10° 10’

k / J‘;

Pressure

I Numeric
— Analytic

102.5 -

10°° -

P, k/G)

1 0—2.5 .

1072 107" 10° 10’

k/j

Pressure-Anisotropic Stress

k/j3

P, (k/B

(k/3)

aao

R

Vector

0. - b

10 T I Numeric

™ — Analytic

.
107" 1 n,
%%_‘&
1072 - 9
10-2- \
104 R
102 10~ 10° 10'
L/‘g
Anisotropic Stress

102-

1 I Numeric
10°- — Analytic
100..

10-1 =

1072 1

1072 1

1074 S
1072 10~ 10° 10’

Numerical code
by Ben Hatzofe

Testing the validity of envelope
approximation beyond tensor modes
with Massimo Cipressi, Ben Hatzofe

and Toby



Tensor modes

Do(n’t) judge from the envelope
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Do(n’t) judge from the envelope
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Where can NP hide?

_Cosmological observables |

. Self-interactions

- Large De Broglie
wavelength
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Fuzzy Dark Matter Visible sector




ACDM issues

FDM solution:
Ultralight DM

Why so fuzzy?
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How do these features affect structures formation?


https://arxiv.org/abs/2504.16202
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Modified dynamics of collapse
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Cultivating differences

Violation of the equivalence principle

Relative fluctuations 0, = 6, — 9,
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Smoking guns: Pole of the bispectrum

Pole emerging in the squeezed limit of the bispectrum for two different tracers
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oguns: Pole of the bispectrum
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