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The relevance of LSS today...

TT+lowE TE+lowE EE+lowE TT,TE,EE+lowE TT,TE,EE+lowE+lensing  TT,TE,EE+lowE+lensing+BAQO
Parameter 68% limits 68% limits 68% limits 68% limits 68% limits 68% limits

Qph* . . . ... 0.02212 + 0.00022  0.02249 + 0.00025  0.0240 + 0.0012 0.02236 + 0.00015 0.02237 + 0.00015 0.02242 + 0.00014
Qch* . ... 0.1206 + 0.0021 0.1177 +0.0020 0.1158 + 0.0046 0.1202 + 0.0014 0.1200 + 0.0012 0.11933 + 0.00091
1000mc - - v e 1.04077 £ 0.00047  1.04139 +0.00049  1.03999 + 0.00089  1.04090 + 0.00031 1.04092 + 0.00031 1.04101 + 0.00029
T oo 0.0522 + 0.0080 0.0496 + 0.0085 0.0527 + 0.0090 0.0544+0-0070 0.0544 + 0.0073 0.0561 + 0.0071
In(10"%45) . . . . . .. 3.040 +0.016 3.018%000 3.052 + 0.022 3.045 + 0.016 3.044 £ 0.014 3.047 £ 0.014
s ovee e 0.9626 + 0.0057 0.967 + 0.011 0.980 + 0.015 0.9649 + 0.0044 0.9649 + 0.0042 0.9665 + 0.0038
Ho [kms~! Mpc™'] 66.88 +0.92 68.44 £ 0.91 69.9 +2.7 67.27 + 0.60 67.36 + 0.54 67.66 + 0.42
QA oee e 0.679 +0.013 0.699 + 0.012 0.711+00% 0.6834 + 0.0084 0.6847 + 0.0073 0.6889 + 0.0056
Qm oot 0.321 +0.013 0.301 + 0.012 0.28970-0% 0.3166 + 0.0084 0.3153 +0.0073 0.3111 + 0.0056

—-0.033
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CMB already measures the cosmological parameters
at the sub percent level
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Information from matter power spectrum

at the sub percent level breaks degeneracies



...and in the (very) near future!

Excluded by cosmie variance
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...and in the (very) near future!

CMB is a 2D surface LSS probes a 3D volume
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Long-range fluctuations
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From theory to observations
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Theory predicts 6,, = —
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How to make precise predictions?
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How to make precise predictions?
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DM is not collisionless at
small scales!
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Encodes short- New expansion2 Counterterms
scale backreaction in powers of K~ extracted from data
on long modes ki



How to make precise predictions?

Continuity

Euler
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Canweseein thedark?

Dark sector Visible sector

Cosmology is the only way to probe completely secluded
dark sectors!
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Canweseeinthedark?

Dark sector Visible sector

Cosmology is the only way to probe completely secluded
dark sectors!

Examples in this talk

SB et al. 2300.11496
SB et al. 2407.13252
Just al. 2204.08484

Long-range dark forces Late-time dark phase transitions



A simple model

Dark matter Scalar dark force mediator Interaction term: s-

dependent DM mass



A simple model

Dark matter Scalar dark force mediator

Dynamics determined by three parameters

1. Scalar mass m,

2. Dark Matter fraction £,
G

\)

3. Strength of the dark force S =

471' GN
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Upper bound on m, from naturalness m, < 0.02 eV (

p

Interaction term: s-
dependent DM mass

)'(z)




A simple model

Dark matter Scalar dark force medlator Interaction term: s-
dependent DM mass

Dynamics determined by three parameters

1. Scalar mass m, T
Workmg W
2. Dark Matter fraction f, —
G assumptlons ‘
3. Strength of the dark force p=— k

471' GN

0.01\* [ m, :
Upper bound on m, from naturalness m, < 0.02 eV 5 —



Dark force dynamics

| Modified
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Background dynamics
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Effects on CMB
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Effects on Matter Power Spectrum

Two contrasting effects

Enhancement from Suppression from
new attractive force mediator Jeans scale
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Effects on Matter Power Spectrum

Two contrasting effects

Enhancement from Suppression from
new attractive force mediator Jeans scale

5 +60 +V(©6,9)=0, 0 =Vv_

: y) 3 2 y) j I 4]
0, + Z(1-/( )6, + 5% (14/))8,, + 0V, 0vs) = — —0,0T

Scale independenrowth factor at
the scales relevant for LSS
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Effects on Matter Power Spectrum

Scale-free growth factor at
scales relevant for LSS

Ratio to ACDM
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Effects on Matter Power Spectrum

Scale-free growth factor at
scales relevant for LSS

Ratio to ACDM
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Effects on Matter Power Spectrum
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Effects on Matter Power Spectrum
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Planck
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Results
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When are relative fluctuations important?

Relative fluctuations o, = 9, — 9,

Grow with
scale factor

S
5(a) = S A5 (@)
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When are relative fluctuations important?

Relative fluctuations o, = 6, — 9,

Grow with
scale factor

S
5(a) = S A5 (@)

New bias

0, D D0, + by, 0, + ...



When are relative fluctuations important?

Relative fluctuations o, = 9, — 9,

Grow with New bias New non-linear
scale factor structures
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When are relative fluctuations important?

Euclid forecast

Different scaling
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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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Still feel a non-zero potential!
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Smoking guns: Pole of the b

ISpectrum
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Canweseeinthedark?

Dark sector Visible sector

Cosmology is the only way to probe completely secluded
dark sectors!

Examples in this talk

T

Long-range dark forces Late-time dark phase transitions



Can we test late-time PT?

PT happening at T = 1 eV produce GWs in the sensitivity range of future interferometers

Schwaller ‘15
0.001; . .

10—13

10—15 {

0 001
f [Hz]

What about later PT? Imprints left on cosmological observables!



Dynamicsof aLate PT

As they expand, bubbles induce
time-dependent metric fluctuations

Bubbles nuclear with a rate
Tpr = Hypexp (ByHpr(t — tpp)) K

X ™ The gravitational potentials

®., ¥ source additional matter
fluctuations




Features of the Signal

Both ISW and matter
power peak at a scale -

Xpr Hpr Py & £, Hpp By
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Negligible degeneracies with cosmological parameters

Significant non-Gaussianities

Constraints from bispectrum and fy;
are produced
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Bounds and Projections

107 Q, pr

k, [h Mpc™'] k, [h Mpc™']
0.001 0.001 0.01
I T T 1 10_' 1T T T I I I I T T 17T
5L
ISW

ISW _
D-L

S 1 JNL
E

0.5
By =15 ' By = 100
1 | 1 I | 1 1 1 | 1 o0 1 0.1 L 1 1 1 | R | 1 1 1 v v 1 1 1 | T R
50 100 500 1000 10 50 100 500 1000 5000 10%




107 Q, pr
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Bounds and Projections
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ounds and Projections
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Bounds and Projections
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Bounds and Projections

T LSS dominant probe at
~. small scales
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CMB vs. Power spectrum
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Bispectrum

Equilateral Bispectrum, {2pp = 1077
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Non-adiabaticICs

------ ACDM, Planck TT , TE,EE
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Bispectrum vs. Power spectrum

; ~6cy, 1-loop bispectrum

F Cf

Y . |
h \\_\ ] “ dominates
0.010} P

0.001 T~

r
’
/
’
’
s

1 1 1 1 ! | 1 1 1 |
0.01 0.05 0.10
k [h Mpc ']



ectrum vs. Power spectrum
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Relations with Sth force experiments

The scalar mediator can couple to the SM if DM does, e.g. the axion
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