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The relevance of LSS today… 

CMB already measures the cosmological parameters 
at the sub percent level

Information from matter power spectrum 
breaks degeneracies

Planck ‘18



… and in the (very) near future!

Sailer, Castorina, Ferraro, White, 2106.09713 



… and in the (very) near future!

ℓmax

kmax

CMB is a 2D surface LSS probes a 3D volume
NCMB

modes ≈ ℓ2
max ≈ (2200)2

NLSS
modes ≈ ( kmax

kmin )
3

≤ 109

Limited by small-scale 
fluctuations

Limited by convergence of 
perturbative series



Can we see in the dark?

Dark sector Visible sector
Gravity

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



Where can NP hide?
LSS observables

Initial conditions Dynamics Collapse+ +

δini, zNP, fNL, ⋯ c2
s , ΔH, ΔGN, ⋯ σ, λdB, ⋯

• Isocurvature 

• Non-Gaussianities 

• Late-time production 
of anisotropies 

• … 

• Pressure 

• Modified bkg 

• New forces 

• … 

• Self-interactions 

• Large De Broglie 
wavelength 

• … 



What can we find in the Power Spectrum?



What can we find in the Power Spectrum?

Small scale 
suppression

Isolated peak



Dynamics of a Late PT

z

zrec ≃ 1100 zPT 0

As they expand, bubbles induce 
time-dependent metric fluctuations                                                           

ISW effect

LSS observables

The gravitational potentials                 
a          source additional matter 
fluctuations 
Φ, Ψ

δtPT ≃
1

βHHPT
≪

1
HPT

As they collide, bubble release 
energy density stored in the false 
vacuum ρvac = ΩPTρcrit,PT



Features of the Signal

Preliminary

Preliminary
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What can we find in the Power Spectrum?

Small scale 
suppression

Isolated peak Scale independent 
enhancement

Step-like feature



Long-range forces in the DS

Dark sector Visible sector
Gravity

Dark sector Gravity

Scalar mediator

ℒ ⊃
1
2

m2
χ (1 + 2 βGNφ)χ2

φ

Dark sector



Effects on Matter Power Spectrum

SB, Castorina, Costa, Redigolo, Salvioni - 2309.11496, 2407.18252 

https://arxiv.org/abs/2309.11496


What can we find in the Power Spectrum?

Small scale 
suppression



Why so fuzzy?
CDM issuesΛ Missing satellites Core vs cusp

FDM solution: 

Ultralight DM

Macroscopic Jeans scale Macroscopic dB wavelength

How do these features affect structures formation?

kJ = (16πGN ρm2)1/4

λdB ≃ 0.5 kpc ( 10−22 eV
m ) ( 10−3

v )

Blum et al, 2504.16202

Hlozek et al, 
1410.2896

https://arxiv.org/abs/2504.16202


What can we find in the Power Spectrum?

Small scale 
enhancement: 

- Isocurvature 

- Can we get 
anything from 
dynamics?



What can we find in the Power Spectrum?

Modified BAO shape: 

- DAO? 

- Shift in the phase?



Look for new observables

Out[ ]=

Example: pole of the bispectrum



Conclusions
Hunting for NP with LSS

NecessityOpportunity

Tons of new data Secluded DS

Plenty of new features 
imprinted in LSS 

observables

Unprecedented 
sensitivity. Feature-

sensitive observables?

Future can be bright even if completely dark!



Thanks!



Modified dynamics of collapse

x

δρ

Soliton

NFW tail
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Modified dynamics of collapse

Credits: Giuseppe Rossi

x

δρ

Soliton

NFW tail



Dark force dynamics

Long-range DM 
self-interaction

Modified 
distances Modified growth

Smoking guns 
from EP violation

Background Matte
r 

fluctuatio
ns

Relative 
fluctuations



Bounds

SB, Castorina, Costa, Redigolo, Salvioni - 2309.11496, 2407.18252 

https://arxiv.org/abs/2309.11496


Can we test late-time PT?

Schwaller, 1504.07263

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

What about later PT? Imprints left on cosmological observables!



Features of the Signal

Preliminary


