Mildly non-linear effects
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resummation vs effective approaches
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Precision cosmology: power spectrum
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DES, Euclid, LSST...: 1% level at different redshifts!
(also higher n-point correlation functions)




Matter power spectrum at decoupling

gaussian Initial scale invariant PS + CLASS CMB Code
: : C o : : Blas, Lesgourgues, Tram | |
radiation-matter transition + BAO imprint
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Small guantity for PT:  éx(z = 1000) et TN
Gravity makes matter clump:  0x ~ a(t) A
perturbations grow! PT will break down

Gott et al. 05

what can we learn from PT?




Non-linearity in the Universe

M. Kuhlen et al./Dark Universe 1 (2012) 50-93
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Theoretical framework
87TGT$ = G

Matter Non-relativistic and small @

Micro: ‘Particles’ (sampling dpu) interacting through gravity
dp’,

Pl = amavy el —ama0; ¢
df(z,p,t) _Of = p4y . Lof
dt Ot amay oif amAaz¢5’pf4 =0

10! /Gpc? . : .
_inear: free streaming particles

0°"/Mpc -U |>/ non-linear: N-bOdY

Mildly non-linear PT¢




Fluid description
Taking moments:

. B _ pa(z,t)
Particles per volume /d?’pf(j;,p, t)=p(z,t) , 6, = o) 1
Velocity field /dgpfmf(x,p, t) = p(x,t)v'(x, 1)

df(x,p,t) . af pA . f Ao = §H2 )
dt ot a,mAaf amA&(b pf4 =0, b 2 Z e

0+ 0;([1 + o]v?) = 0

¥ i i 1 3 PP’ i
v+ Ho' + 700" = —0;¢0 — =0, /dp f—pv'v’
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Pressureless perfect fluid Deviation from single flow
interacting through gravity Suppressed by

kv, H "



Dealing with short scales

y ) ia i 1. [ [ 5 pPp’ ij-
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® Short scales: non-linear and no-fluid before.
® Hard to really Iintegrate-out’ modes

lo restrict to long ‘quasi-linear’ scales, can the short scales be cut
off (e.g. mean field) and get the right predictions?

0 4+ Hob 4 v) 908 =
— 0,01, + OpOg + Og + Omf
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EFT approach: encapsulate these effects in operators of L

Uz -+ /HUZ -+ v“zc?jvf; — —az'¢L -+ CL;S(t)Zaz‘éL —+ CL;bv(t)Qaiaj?fz -+ ...

Pietroni et al | |, Carrasco et al |2



‘Effective’ coefficients

fl}z -+ /H?)Z + vi(’?jvz —0;01, + cL;S(t)Q&;éL -+ cL;bv(t)Qé’i(’)jv}; —+ ...

® Related to non-linear scales: not clear power-counting
® [unctions of time

® Some effects are known (decoupling of virialized
structures, k° tail, measured non-linearities,...)

measurements

Pueblas, Scoccimarro 09 Carrasco et al 13

Shell-crossing EFT matching

0(k,t) + HO(k, 1)

3
+ 5%7#5(1«, t) = qo(k,t)

O(k?) small effect: can
only be measured at
mildly non-linear scales

0 = aﬂ)i

not exactly the same



Effects of effective coefficients

Pueblas, Scoccimarro 09 Carrasco et al 13

0(k,t) + HO(k,t)

3
+ 5QmHQcS(k, t) = qo(k,t)

After many approximations
and matching,
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Negligible! Crucial!



NN...LO formalism
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TN\
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Power spectrum  (5(k,t)3(k',t)) = P(k,t)0® (k + k')
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Gaussian 1C
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P(k)/Pnowiggle(k)

3 Loop ‘disaster’

DB, Garny and Konstandin |13B
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P(k,z

NNNLO (3 Loop)

DB, Garny and Konstandin |13B
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A resummation: Padé integrands

q 2(L—1
PlOW_k — _%kzpl@n(kaz)/dqplzn(kaz)ZCL [477/0 dppzplin(pa Z)} ( |
L )
_ L—1 Padé _ LT D g ai’
K= 0" m K@l = RS
10° g —
102
10! > =10
N 100
C\l\-: 10—1

k Plin(k) K(o
533333

I
»

I
~
\

102 100 100 100 10°
| k [h/Mpc]
The resummation damps the UV dependencel

May made the series convergent! (| % target attainable)
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Padé results: perturbation theory

DB, Garny and Konstandin |13B

P(k,t) = P+ Pl—loop 4+ ... ? P+ Plﬁgdek -+ APl—loopn-

_ small—k Padé __ small—k
APL—loop — PL—lOOp Bl PL—lOOp ) Plow k — ZPL loop

1-4 i | | I I ' I I I I ' I I I I ' I I I I ' I /}/;f I ;/,’i 1 @3

L. NNLO(P) N-body

1.3 | S ,¢ " 77;&’ . ’_ Hor{'zon Run 2,

% ; NLQ(P) ///;/Q‘M';O E Kimetal Il
2128\ s E
% E | /;:\\\: ///’/'Q',, E
£ 40 “%f Q’NNNLC) P) -
= :
o Ry ]
10F ¥ o -\ Rk e .
A . Linear :
O 9—Ll | | | ' | | 1 ?(}\? | | | ' | | | | ' | | | | ' | | | | ]

0.00 005 /010 0.15 020 025 0.30

NNNLO(SPT)  «inpel



redshift dependence

Padé results

DB, Garny and Konstandin |13B
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Further checks

DB, Chan, Garny, Konstandin Unpublished

Correction to P(k,z) rel. to one—loop

Nbody HR2 A
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Conclusions

B Future surveys will test cosmological expansion and
structure formation to percent level.

B At this precision, the Universe at large scales behaves
almost as pressureless perfect fluid.

B On-going discussion on the importance of short modes.
Necessaryl/irrelevant for convergence at semi-linear k

B PT series is not convergent! Reminds asymptotic series
(result at 3 loop).

B Padé ansatz: parameter free resummation. Much better
convergence properties and agreement with N-body.

(percent accuracy at BAQO scales and z = 0 reachable)



For the future

B More analytical understanding. Borel-Pade. UV sens. Other
basis. ..

B Other observables (P, bispectrum,...), other |C (NG).

B Predictions for observations: results in redshift space,
parametrization of BAOs, bias...

B Putting all together! EFTofLSS + resummations

B Including neutrinos...

B [agrangian space. Work In phase space.



