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Dark Matter Clustering in Lagrangian Framework

Eulerian: Lagrangian:
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Coordinate of a (t)racer particle at a given moment in time r

’I”(q, 7-) =q+ 1/}((17 7'),

is given in terms of Lagrangian displacement.
Continuity equation:

(1+46(r))d®r =d3q vs. 1+5(r):/ P (r—q—1(q)),

Fourier space

(280 (k) + 6(0k) = [ € exp ik ),

q



Lagrangian Perturbation Theory
Density is given by the continuity relation
(14 6(x))d*x = d*q.
We can combine it with the equation of motion for displacement field:
)+ H = —Ve(q +¥(q))
and solve perturbatively
=y + @ @ 4
Solutions are of the form

3
p™ = / (;iw])?3 Ln(p1s- -, Pn)Or(P1) - - 0L (Pn) -

Example of leading kernels solutions

Li(p1) = p1/p°
La(p1,p2) = 3/7(p12)/p3s (1 — (p1.-p2)/ (Pip3))



Lagrangian dynamics and EFT

The evolution of i is governed by 71 et

U+ Hip = =V (g + (q)).

Integrating out short modes (using filter
Wg(q,q’)) system is splitting tnto L—long
and S—short wavelength modes, e.g.:

brlq) = / Wila, )W), ¥s(a.d) =) - vu(a).

This defines d;, as the long-scale component of the density perturbation
corresponding to 7, and also ®;, as the gravitational potential V2® ~ §p.
E.o.m. for long displacement:

Vr +Hr = —Vor(g+ve(q) +as(q.vr(q)),

and as(q) = —V®s(q+vr(q) — Q7 (@)VViV;PL(q+vr(q) + .. .
Similar formalism was also derived in



Matter power spectrum in Lagrangian EFT

Pair dispacement:

A =1(ra) —P(r1).

The correlation function and power spectrum can now be defined
through the cumulants of the displacement, e.g.

P(k) :/q ok [<eik'A(Q)> _ 1} .

For one loop power spectrum results, keeping linear modes resumed:
. 1 1
P(k‘) = / elk q exp |:—2k‘ikj <A1AJ>C + Eklkjkk <A1A]Ak>c + -
q

Final results equivalent to the Eulerian scheme.

Allows for the insight in the counter term structure and IR resummation
schemes (in particular one leads to the scheme in ).

Alternative derivation of IR schemes:



Lagrangian dynamics and EFT

The correlation function and power spectrum can now be defined
through the cumulants of the displacement, e.g.

P(k) :/q ek [(eha) —1].

For one loop power spectrum results, keeping linear modes resumed:
P(k) :/ pikea—(1/2)kik; Al {4 [ Jgk Alpt+eft+ kk: kkwlpt+eft
q

with
Aij(q) = 2(¥i(0)¥;(0)) — 2(Vi(q1)V;(g2))
Final results equivalent to the Eulerian scheme.

Allows for the insight in the counter term structure and IR resummation
schemes (in particular one leads to the scheme in )-

Alternative derivation of IR schemes:



Zeldovich power spectrum

Keeping only linear displacements modes

Pz (k) :/ eik'q_(l/Q)kiij%n

P(k) [hMpc]®
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Resummation of the Long (IR) Displacements

2
PEFT(k) =+ Pl—loop + P2—Ioop - Ci k2 (Pll + Pl—loop) +c.t.
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e Well defined/convergent expansion in k/kyy.
® R divergence and IR safely of equal time correlators (¢/).

® |R resummation (Lagrangian approach) - well described BAO



Linear power spectrum, correlation function & BAO

Linear power spectrum Pr: form Boltzmann codes (CAMB, Class).

Can be divided: smooth Pp, ,,,, + wiggle part PLw Pp = Pppw + PLw
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Resummation of IR modes: simple scheme

Separating the wiggle and non-wiggle part
7 7 7
A (q) = AY (@) + A7 (9);

P=P, +/ cika—(1/2)kik; AY [_ki;’jAgw T~ in+€7k222PL,w v
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IR-SPT resummation model with ¥2 = 325 (1 — jo(qmaxk)) PL(p):

2
PEFT(IC) = |:P)lj + Pl—loop - Ci}fiﬁl_Pn
+ e_k222 (])\\'.() + APW.,I*lOOp + (ci/k%\fL + 22)k2> )\\ ,H)

Alternative derivation in: [Baldauf:2015]



BAO wiggles
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Power spectrum, loops & BAO

Perr(k) = 0 + Piiisop + Poioop — Cg,fT;L(Pn + Pijoop) + C.t.

1.06
1.04F

=

2-1loop
«02F----- [ T Yoop IR ]

L00F—p AR
.98-—~u

Pgsins / Pest
-

o O o

.96

2470 0.1 0.2 0.
k[h/Mpc]

e Well defined/convergent expansion in k/kyr.

¢ |R divergence and IR safely of equal time correlators (/7).

® |R resummation (Lagrangian approach) - well described BAO



Primordial Features in the Power Spectrum

Phenomenological models of primordial features:

(linear) :  Pr, = Pyxcpum (1 + Asin(wk) exp(—(k:rd)2)

(logarithmic) : P, = PxcpMm <1 + Asin (win(k/k¥)) exp(—(krd)2>
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Primordial Features in the Power Spectrum

Power spectrum after resummation of the IR modes.
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