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Why going to Non-linear order?

1. No new phases in the power spectrum. Bounds from full shape.
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2. Effects emerging only at non-linear order (e.g. squeezed bispectrum).
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Lagrangian Perturbation Theory .o o0

Follow the fluid element: ~
T=q+V(q, 1)

dlogm

Equations for displacements from geodesic equation m=—"

U (H 4 5m) ¥ = —V, &, —mV,s
Y+ HU, = -V, Dy,

Poisson’s equations

3
(V?J,,(I) = g%gﬂm(fx(sx + (1 — fX)(Sb) = §H297n5m
<

(Vs = :;HQQmﬁfxﬁzéx

Energy conservation
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Lagrangian Perturbation Theory

Convenient variables:

U, = L0, 4+ (1= )T, U+ H = —(T,.- V)VD — Vs — §m¥ o« f
U, =0, \f} U 4 WY = -V, B, fxﬁ’zﬁ'xs — fxS "l

Solve order by order in Fourier space:
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Structure of the solutions up to second order:
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Growth Factors and Green’s Functions

General equations for growth factors:

2 6 -
LimDpm = (83 + _ar - ﬁ) Dy = Sm( ) = SU(D(n Dm> 3D§8r).i,) + Bmzf2 (D'E?,Ur’?w : Dg?r):)

0
LDy = (()2"‘ d ) nr — }Bm j Sy (Dsg???)w T JD§11)1)

Introduce the Green’s functions:

{LTG(T? 7') = 6(r —7') D(1) = /.T drG(7,7")S(7")
Gir—7)=0ifr<7

We only need the Green’s function in ACDM:

/ Non-decaying relative
growth factor
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Log correction to Dy,

Dy (1) = DO (1)(1 + 28f, % log 7)



Power Spectrum: Full Shape Analysis

Spatial kernels for U, identicalto ACDM . Full Shape affected only by D,,,

me= Yukawa 5F, my — .1Hj, Planck TT,TE,EE
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Violation
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EP violations: squeezed bispectrum  ceemineii 1z
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Equal-time squeezed bispectrum: Hm (0(q, 7)0(ky, 7)0(ka, 7)) y’
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1. Equivalence principle holds : el
5 Adiabatic initial conditions Existence of free-falling frame for the long mode

Consistency relations:  lim (6(g, 7)8(k1, 7)8 (k2, T) @p

qg—0

Analytic function of g
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Poles are generated in q: (}11})(5(@', 7)5(17.:’1,7)5(1_52,7))’ X %P(q)P(k)



EP violations: squeezed bispectrum

Fifth forces induce violation of the EP in the growth of 9,

limny (8 (@)8 (k1) (k2)) = (1 = fy) ;gyag)(wi» — fx g(ég)(q‘)éﬁ)(ﬁ%»

Only term with the correct spatial structure
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EP violations: squeezed bispectrum

Fifth forces induce violation of the EP in the growth of 9,
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Smoking gun!

To be compared with A (3, (k1)8,, (k)8 (k3)) o flog T



Outlook

 Precise full-shape analysis: include BAO reconstrunction

 Bispectrum: O(B logt) deviations from ACDM vs O(B) EP violation

e Bispectrum: non-adiabatic initial conditions?



Thanks for the attention
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