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Motivations

Old: “understand why the vacuum energy is so small”

c.c. problem —-—< Weinberg
New: “why it is comparable to the present mass density”

Dark Energy/Modified Gravity
Accept A

within string theory landscape program
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favorite idea!
Etc

Self-tuning

Nitti + Kiritsis’ talks



Dark Energy/Modified Gravity

Uniqueness of GR

/ Lorentz-invariant >
massless
spin-2

L-breaking theories

Add degrees of freedom
e.g. scalars, DE

Massive Gravity



Tests of dark energy & modified gravity

lnpet muTor

Cosmological Interferometers @
Solutions A A A

A Solar System

\
\
/ Y

*,

£ Scattering :
Amplitudes 2

/LSS Probes
for DE - MG,




Beyond ACDM

A dynamical mechanism driving acceleration usually*
comes with additional degree(s) of freedom

* not necessarily; e.g. Lorentz-violating massive gravity



Screening Mechanisms
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Screening where GR extremely well-tested, e.g. Solar system
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Perturbation Theory

screen
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full perturbative control bulk of the information on growth

A lot going on to conquer the quasi-linear scales

RPT (Crocce, Scoccimarro)
TRG (Matarrese, Pietroni)

TSPT(Blas, Garny, Ivanoy, Sibiryakov )
Closure (Taruya Hiramatsu)

Lagrangian approach
(Matsubara; Porto et al; Vlah et al)

EFT of LSS



Why also Perturbation theory ?




Layers of physics

Non-Gaussianities




Clustering Quintessence

00,,,
sl {L 1 caydl o
5. ST [(1+d,,)v] =0
85@ Z;
5 3&)7‘[5@ + V [(1 + w + 5@)?}] =2 et

known exactly up to quadratic order

MF, Vlah (2016)

All orders Solution

Creminelli et al (2009);
Sefusatti, Vernizzi (2011);
Anselmi et al (2011);
D’Amico, Sefusatti (2011);
Lewandowski et al (2016)
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All the way to Biased tracers
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Screened system: DM + Galileon-like dot

Lue et al (2004);

a 2 : Koyama and Silva (2007);
a. 1 5 fUZ 2 de Rham et al (2012);
67- i Z[( s m) m} 0 Y Barreira et al (2013);
e | e
AL = HU;Ln e v%lajvfn = —-V'® ; Cusin et al (2017)
(97_ | Bose et al (2018)
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TWO Scales ==> 2 eXpanSionS parameters
k/kNL VS k/kv

Hierarchy

k\/‘ 4 H 0 ACDM
Hy < kv < knp, ==> screening can happen on quasi-linear (for DM) scales

kv 2 kni, weak screening




Origin of kv

kv very reminiscent of
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As k nears kv, non-linearities in the ¢ sector become very important,
perturbation theory not enough ==> need to resum

Solve each model exactly Phenomenological approach: screening “filter”
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formally similar to recent BAO resummation scheme

l Senatore et al; Vlah et al; Blas et al; Pietroni&Peloso +...

Quest for the right kernels /C,r]y

| Asymptotic behaviour
GUldlng prinCipleS: < Symmetries

no double-counting



Ppert = PACDM 1 (Ppert e PACDM)
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Two Candidates

Ko(k,7) =exp (=X, om(k/kv)?™™) > Kuk,7) =1/(1+X, am(k/ky)™)

7 Asymptotic behaviour
)
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\, no double-counting ? MF, Vlah, 2017

Perturbative + Resummed contributions balance

Ky (k1) = K(k,D)[K] | (k7)
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What’s next?

test framework against

exactly-solvable model simulations



Thank you!






All orders, integral & differential solutions
MF, Vlah (2016)
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iteratively derived, first recursion are usual

related to

a(q;,92), 5(a;,92)

X linear growth rate



Observables

MF, Vlah (2016)
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similarly for A1, A2, K1, K2(2) while F3 = F3(q;,492,93)



