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LSS and cosmology

LSS measurements

» locations of galaxies, create
three dimensional map

[SDSS]
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LSS and cosmology

measurements

» rewind this map using the knowledge that we have of the rest
of univiverse

Standard Supemova
candles
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LSS and cosmology

LSS measurements

> in order to do this accurately enough, need to understand lots
of other things
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LSS and cosmology

LSS measurements

> in order to do this accurately enough, need to understand lots
of other things

» dark matter evolution
> bias
> baryonic effects

» redshift-space distortions
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LSS and cosmology

tive field th

cosmic microwave background [Planck 2015]
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LSS and cosmology

Planck: =3 < faL <8
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LSS and cosmology

Planck: =3 < fnL S8
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LSS and cosmology

large-scale structure
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LSS and cosmology

» Euclid, LSST, ...
» number of modes
. 3
~ ()
> Kimag IS limited by our
understanding of the short
distance physics

» EFToLSS increases k;qz

» need percent level
understanding of observables
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effective field theory of large-scale structure

standard perturbation theory

§=6dp/p, v, O=0x
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standard perturbation theory

S=0oplp, v, 6=
3 nal
2 220
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v'e 270
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0= —Eai((l +6)v')
ab + aHO + 9;(v?9;0") + V2 =0
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Fourier space
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Fourier space
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Fourier space
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effective field theory of large-scale structure

loops

(68) = (§MMy 4+ (52 §2)y 4 2(sMB)y 4 ...
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effective field theory of large-scale structure

loops

(68) = (§MMy 4+ (52 §2)y 4 2(sMB)y 4 ...

P(k) = Py (k) + Pao(k) + Pi3(k) + - -
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effective field theory of large-scale structure

loops

(68) = (§MMy 4+ (52 §2)y 4 2(sMB)y 4 ...

P(k) = Py (k) + Pao(k) + Pi3(k) + - -
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effective field theory of large-scale structure

loops

kP (k) [ 12
Pi3(k) = 10(;;(72) /0 dr Py (kr) <100T2 T r2
3,9 3, 9 r+1 4
+ 3 (P =) (T +2) log‘l — |42 158)
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effective field theory of large-scale structure

LSS perturbation theory

» no clear expansion
PP parameter, k3Py (k)
100 becomes large at small

" scales

» loops contain integrals of
P11(k) over all k, even UV

» clearly, need to deal with UV

0.01

vy » EFT allows us to
systematically parametrize
UV effects in k/knt,

0.01 0.05 0.10 0.50 1.00 5.00
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fluid-like equations

§=6dp/p, v, O=0x
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effective field theory of large-scale structure

fluid-like equations

S=0oplp, v, 6=
3 nal
2 220
=_-Hj—0

v'e 270
) 1 .
0= —Eai((l +6)v')
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effective field theory of large-scale structure

smoothed/long wavelength fields

0,(%,t) = /d?’x'WA(x —2)O(2' t)
O(Z,t) = O1(Z,t) + O4(Z, t)
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fluid-like equations

s=dp/p, v, O=0n

3 a3
V2 240
¢l 2 0 l
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fluid-like equations

s=dp/p, v, O=0n
3 Lad

V¢ = 51{3;05,

.1 .

o + 582(71';) =0

i = [(1+ )0’
of =i/(1+8)
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fluid-like equations

s=dp/p, v, O=0n
3 Lad
2 24
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Vi =5 Hy— "o
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0+ —0i(m) =0
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stress tensor

o (i
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stress tensor
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stress tensor

~ P04 |26 — 500 | + ATY
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stress tensor
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Fourier space
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loops

(68) = (6MWsMy 4 (6@ 4 2(M BNy 4 2(sMglet)y 4 ...
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effective field theory of large-scale structure

loops

(68) = (6MWsMy 4 (6@ 4 2(M BNy 4 2(sMglet)y 4 ...

k 2
P(k) = Pu(k) + ng(k, A) + P13(k', A) — CE(A) <kNL> Pn(k)
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effective field theory of large-scale structure

loops

(68) = (6MWsMy 4 (6@ 4 2(M BNy 4 2(sMglet)y 4 ...

k 2
P(k) = Pu(k) + ng(k, A) + P13(k', A) — CE(A) <kNL> Pn(k)
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plots
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baryons, challenges

> not a pressureless, collisionless, fluid (even less so than dark
matter)

> baryons heat up, re-ionize, form supernova, active galactic
nuclei, etc.

» simulations are difficult, require many scales, don't know
complexities of UV

> relative bulk velocity
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baryons in the EFT

v

treat as a fluid on large scales

v

the two species can exchange momentum

v

at one-loop, ¢? and ¢}

v

the difference between them measures the effect of star
formation physics
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total power spectrum
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baryon power spectrum

WMAP3
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effect of star formation physics (¢2) is small compared to effect of

gravitational non-linearities
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redshift-space distortions

» we measure (zops, 0, @) and then we convert to (s(zops), 0, @)
using
( ) Zobs dZ/
S(zobs) = —
o 0 H(%')
but in these variables, the distribution of galaxies is not
isotropic because of peculiar velocities adding to the redshift
> it is isotropic in s(z), the redshift related to the Hubble flow
> Zobs A 2 +a 15T

= Zp(2) = Z(2ons(2)) = #(2) +
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redshift-space distortions
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redshift-space distortions
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redshift-space distortions

2 4
Pll 1 100p (k5 12 @) = D7 Py (ky 1) + D Plligop, spr (K, 1)
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kNL
» two new counter terms

» need time dependence of c?

[Senatore, Zaldarriaga]
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status

redshift-space distortions
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€ven more
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€ven more

» primordial non-Gaussianities
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€ven more

» primordial non-Gaussianities

> biased tracers
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€ven more

» primordial non-Gaussianities
» biased tracers

> bispectrum
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€ven more
» primordial non-Gaussianities
> biased tracers
> bispectrum
> redshift dependence and lensing
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€ven more

v

primordial non-Gaussianities

biased tracers

v

v

bispectrum

v

redshift dependence and lensing

v

vorticity
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€ven more

» primordial non-Gaussianities

> biased tracers

> bispectrum

> redshift dependence and lensing
> vorticity

> biased tracers in redshift space
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€ven more

» primordial non-Gaussianities

> biased tracers

> bispectrum

> redshift dependence and lensing
> vorticity

> biased tracers in redshift space

» codes: http://web.stanford.edu/~senatore/
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