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l. Introduction-

1) Large Scale Structures
2) Effective Field Theory formalism
3) Redshift Space Distortions
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Large scale structures

...why is this important?

Learn about our Universe

Large scales

- Most information for Cosmology.
- Galaxy point-like object.
- Universe as a fluid.

Structures:

- Clusters, filaments, voids...

How?
Simulations.

Theoretical tool ?

Observational data!
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Effective Field theory formalism

Large scales UV physics

N\

e - 4

L > Hubble scale SPT EFT /// /////

PN
i A '

Linear Mild Non- Non- linear
regime linear regime regime

University of Sussex LFdIB



Standard Perturbation
VS

Effective Field Theory

- Good in the linear regime - Probes scales of interest
(very large distances). where SPT breaks down.
- Perfect fluid - Viscosity, dissipation...
- UV sensitive — cut-off - No UV sensitivity —
dependent. counterterms!
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Redshift space distortions

WHY?
Real space Redshift space

e Surveys in redshift space.
« Redshift depends on peculiar v
(along line of sight).

 Unknown random motions within clusters

(expanding)
1 .J.:i‘
- -‘ <—>F O
Collapsing "Finger of God"
* Fingers of God.
CtAZ First B Slices Bk 4
cme < 68 ' —— « Learning about velocity fields.
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Il. EFTOLSS In real space-

1) Fluid equations
2) Cosmological matter pertutbations
3) Counterterms idea
4) Matter density contrast
5) 1-loop matter power spectrum
6) UV divergences
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Fluid equations (General Relativity)

d52 _ _e2‘If(t,f)dt2 + &(t)262®(t,f)df2

Equations of motion (expanding Universe)

Density Orp + Om(pv™) + 3p(H + <I>) =il

conservation

i m i i o'
Newton's law Ov' + v 0nv + 2Hv" + 2 = 0,
2
Poisson's equation 8_1) + 5'0 — ().
a? 2]\/[3
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Cosmological matter perturbations

Density contrast 6 = dp/po

velocity divergence ® = 90"

Standard Perturbation Theory

0 +0 =—-00—(0,020)0™,
O +2HO + S H Qi ()5 = — 0,0 200,08 — 0i0n 0?0006,

WHAT'S NEXT? + COUNTERTERMS
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Counterterms

(Effective energy momentum tensor)

Diffusion/dissipation > Random
stochastic term variable

Small scale
interactions

Parametrise
UV physics

Deviations from
perfect fluid

Viscosity, speed — »
of sound ...
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Matter density contrast (Fourier space)

Linear equation Counterterm € — ——Ifg
1 —e€ 3 Qn(2) k* Zsop+ ZoH(1 + Z)(S;c /
5" — P9 5. |= =d/d
Eo 14z 2(1+2)2 F| |H2a? (1+ 2)2 /dz
daifda?? 3,7 3 QM (Z) - / /
2m)°0(k — § — T.7) — S (7 + .T)0 (q)0' (T
+/ oy (200 =0 =7 x [ol@7) 5 4y 6@ + (@799 (@9 ()

Non-linear contribution

Solving the equation...

Linear order S (k,2) = g(2)6; O — - — 5 = Tp(2.)BET™
ff,
—IK
Quadratic order 5(2) .
Cubic order 63 — K- --
Counterterm 5CT — R ——-
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1 loop matter power spectrum

< 6@ (k, 2)6@ (K, 2) >= (2m)28p(k + k') Pu (k, 2)

The renormalised power spectrum at 1 loop

il = —LF=EF— 42 ( —'Ef——D— + _&- 4 ::
- Pu(g) +  2x (Pl + Porla)) + Paa(q)
Tree level UV UV
2 loop + ... Borc k,z
Drop
and / or b "
(k/kNL) 4 + ... stoch X
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UV divergences

Example of loop integrals in momentum space found in p,,

A 33> . .
o) = [ GAPR@a(E, ~Da(F - 7.2

K « dSQ—,’* . . _
= | GrPr@alF,~da(k — .0

N -y

Linear regime, SPT, A-independent

Pr(@a(k, -Daf - ,d)

-

dS(j
e (27)°

Mild non-linear regime, UV sensitive

=ai1(A)- k> + b1 - K2+ O(k?).

_|_

Y

COUNTERTERMS )
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2 loop + ...
Drop

Renormalisation

(k/k, )*+ ..

Pss|1-100p0=P11 + P13 + PcT

SPT linear regime - CUBIC POLYNOMIAL IN k

Pi3 <'

~ EFT mild non-linear regime (Taylor expansion)

Pig(k, 2) = Pri(k, 2) k? h(z) [" 2% Pr(q)

-

A(N)
» UV LIMIT
It shares k & z dependence up to a constant

Per

Pss|1-loop =P,, [1 + c2?h(z) k> + bk®+ O(k*) ]

A Renormalisation factor
fixed CAMB HALOFIT (data, simulations)
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Results

1 LOOP MATTER POWER SPECTRUM

1.1 | 1 1 | i ] ] ] | 1 ] | l U‘ | ]
= i P e T e &, T8 IEETAmSse =
=
= L
— L
< -
m £2
g i
<ﬁ ]_ ................................................................................................................................................ P
)] [
£ L
)
3 L
:-g L
% 095 —————— ——— — —
H - =—— TREE LEVEL
" —— STANDARD PERTURBATION
. —— RENORMALISED (EFT)
0.9 | 1 1 | I I | 1 I | 1 1 | I I | 1
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lll. Redshift Space -

1) Redshift Space Distortions
2) Density contrast in redshift space
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Redshift space distortions

Real Space {x'}

l Is* = B

Redshift Space s}
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Matter density contrast (Redshift space)

Fourier space

54(k) = / d*Fe= 7 |TRIED 1] (14 5(2)

Distant observer approximation

k.

oL
2

2
aH) [6v7 ]z

- S k2 0(k) zij BzRi T(v); (k)
53(k) _5(k) + 2 H L2 H
i2 (ko \? o, ik
i 2 (aH) wz}k_?(aH) v
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U Projection along l.0.s.
1 =
: T,
v (T, 1) = i (fj )
p(T,t)
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IV. EFTOLSS In Redshift Space-

1) The idea
2) 1-loop matter power spectrum
3) Divergences

University of Sussex LFdIB
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The idea...

* Redshift Space Distortions

0 5 v
= +
redshift space real space operators

 Renormalised density contrast

Renormalised _ (S + | Renormalised
5 real space + V operators
= redshift space COUNTERTERMS
EFT of LSS 9
P 2 (real space) =
dd|1loop
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Renormalised composite operators

 Diagrams:  bare operator + UV information
aH \° A
zlg = [UE]E + (’ICNL) |:Cl Bl ((32 - k‘z) 5(k):|

ald 2 =
38 = [l 1 () ferlo. (F)

R — renormalised

[ ]z — convolution
University of Sussex LFdIB
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1-loop matter power spectrum in
Redshift Space

Real space

P§5|1100p(k1 Hs Z) :P56|1100p(k: Z) + 2.“’213 ) (k: Z) + f1‘4P5 )

a
d 47 |1loop +7 77 | 1loop

ku 2 o [ ku 2
~\am ) Povaimee®o2) =17\ T | P pagmye (42 2)

H
1 [ kup 4 N 2
+ i (E) P[Ug][UEHTree(k; Z) + (1 + f,ua ) (E) Pé[évgj”Tree(kn Z)

. 3
i oy [ ku
+ g(l_l_fau‘ ) ((IH) P{?[U;EHTree(knz)

(k; 2)

- B\
— (L4 fu®)[[cr + e2)u® +{(é1 + e3)p’] (m) Pss11(k. 2)

dlnd ~
= kz/k U, Projection along l.0.s. f = dlza C1 = le/aH
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normalized to CAMB HALOFIT

1 LOOP MATTER POWER SPECTRUM in REDSHIFT SPACE

Sl K (h/Mpc)
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Conclusions

&
future work
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CONCLUSIONS

» The Universe Is treated as a fluid. Most of the relevant
iInformation in Cosmology is found at large scales.

» At large scales, galaxies are point-like objects. There exist
voids, filaments, clusters of galaxies...

e Large scale properties have memory of short distance physics.

« Effective Field Theory of Large Scale Structures

- encodes small scale effects in the so called counterterms (deviations
from perfect fluid).

- Probes scales of interest where Standard Perturbation Theory
breaks down.

* Adding Redshif Space Distortion effects allows us to learn
about peculiar velocities within clusters.
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& PROSPECTS

* To obtain the renormalisation parameters for the
1 loop matter power spectrum in Redshift Space.

e To study possible IR divergences.

 Compare with observations and N-body
simulations.

* To apply this tool to the analysis of the screening
mechanism In theories of Modified Gravity In
collaboration with L. Perenon & C. Marinoni.
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g ~
;“_/._'/OOJ‘O ]_6)565-

e Pss|1-100p=P11+ P13+ Pct

(Tree level K—) UV-div

« Low-k behaviour (analytic terms)s—Taylor expansion loop integrals

Pis(k, 2) = Pri(k, 2) kK h(2) [} = Pr(q)

o

-l

A(N) Cutoff dependence
eliminated by CT in
the UV limit

_ 2 2 (same k & z dependence
P66| 1‘|°°p_P11(1 +Cs” h(z) k ) up to a constant )

Therefore,

k') Renormalisation parameter
Fixed observationally or by simulations
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