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Fluid Equations

Bernardeau et al., 2002. ArXiv;: 011255



Fluid Equations
00(x, )
ot

Mass Conservation

+V - A{[l+d(x,7)]u(x,7)} =0,

Euler ou(x, 1)
or

+H(7) u(x,7) +u(x,7) - Vu(x,7) =

1
—V‘I’(X, T) o ;Vj (P Jij) 3

Poisson V2B(x,7) = 50u(r) H2(7) 8(x,7).




Perfect Fluid Discussion

No shear/viscosity Jij =~ 0

Euler ou(x, 1)
or

+H(7) u(x,7) +u(x,7) - Vu(x,7) =

1
—V(I)(X, ‘T) — _%Jij) "
P

Break down in small scales (and in larger scales with time evolution)

EFT should consider these contributions!!!




Linear Solution



Linear Solution
Mass Conservation 85(}{’ T) 4. {[1 4 5%-)] u(xj T)} = 0,

ot

Euler aug:_’ z) + H(7) u(x, 7) + u(x, %u(x, T)=

1
—Vo(x,7) — EVj/Jij) :

Poisson V2B(x,7) = 50u(r) H2(7) 8(x,7).




Linear Power Spectrum for AC' DM Cosmology
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Non-Linear Solution



Non-Linear Solution

Just a FT of main equations: Q(X) 7-) = V. u(X, T)
90 (k - f ) )
E’B; T) + Q(kg ’T) - fd3k1d3k259(k - klz)a(kln k2)9(k1? T)ﬁ(k% T)
0(k : 5
: Ei—){ 7 () B, 7) + %ﬁmmfr)a(k, T)=

o~ i~

—/d3k1d3k25[}(k = kl?)ﬂ(klka)g(klﬁT)g(kQ:T)
HIGHLY NONLINEAR EQUATION NO EXACT SOLUTION




Perturbation Theory (SPT)
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Perturbation Theory

—
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PERTURBATION THEORY!!!

i~

00(k, 1)

i 3 o o B
5 +H(r) O0(k,7) + §QmH (1)o(k,7) =

—/d3k1d3k251)(k — k12)ﬁ(klakQ)é(klaT)é(kZ:T)




Perturbation Theory (SPT) to Diagrams



Perturbation Theory (SPT) to Diagrams

(00) = (0101) +2(0103) + (0202)
—_ —

tree-level 1-loop

+ 2(0105) + 2(0204) + (d303) +  O(4Y)
- -~ o Hﬂ
2-loop higher loops




Perturbation Theory (SPT) to Diagrams

OO B3z 4 [Q . O_.]

LEVEL:

Poy(k,7) = 2/[F§S)(k —q,9)]*P(|k — q|, 7)PL(g, 7)d’q,

Pus(k,m)=6 [ F{(k,q,—a)Po(k, 7)P(q, T)d*q.




Perturbation Theory (SPT) Problems



Perturbation Theory (SPT) Problems

e A= & [+ O—.]

LEVEL:

INTEGRAND DOES’T CONVERGE
INSERTING A CUTOFF SCALE (non-physical)

Fy* (k — q,9)]*Pr(|k — |, 7) Pr(q, T
F‘ﬁ(s}(k: q. _q)PL(ka T)PL(Qw T

OULD HAVE IR OR UV DIVERGENCES

PQQ(k:, ’T)

P13(k1 T)




No IR Divergence
More about
IR in

1404.5954

" IR Divergence test in the 1-Loop SPT Power Spec
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Still UV Divs.

P(R)/ P(R) g1

UV Divergence Test in the 1-Loop SPT Power
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Effective Field Theory

Carrasco et al, 2012. ArXiv: 1206.2926



Effective Field Theory

e Effective Theory: Description of physics at a scale of interest. It's
description embraces all meaningful d.o.f. at this scale.

L’ Assuming our ignorance!

e Include alength scale in theorv. Cutoff the unknown at A1

e Include stress tensor in Euler [T%]

e Sound Speed characterizing imperfect fluid deviations. {Counterterms
Measure it from N-Body simulation.

e Theory should be independent of A . Counterterm cancel out this

dependence.



Effective Field Theory

3
Filter Convolution: 7, (x) :]dx’WA(X—X’)T(x’) Wa(x) = (i) exp l—%Azaﬁ]

New €q 8u*(x, T) + S;J(T)u* (X: T) + u, (Xa T)°VU-* (X: T) - = lvj’ (Tij)*

ot P

:’ \\ I
Prm(q) = —D?:—@—‘UT{I— +‘—@-——|:|—|) + — p—
-

2
Counterterm: 2(2) kfﬁpﬂ(k) Sound Speed




EFT Results
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EFT Results
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Future Plans

e More Loops EFT

e EFT and Bias

e Lagrangian Space EFT (BAO better reproduction)
e Modified Gravity EFT

e |Inflation predictions with 3-point function
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