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Abstract: <p>The next hope to constrain cosmological parameters observationally is in surveys of the large scale structure (LSS) of the universe.
L SS has the potentia to rival the CMB in cosmological constraints because the number of modes scales like the volume, but the nonlinear clustering
due to gravity makes it more difficult to extract primordial parameters. In order to take full advantage of the constraining power of LSS, we must
understand it in the quasi-nonlinear regime. The effective field theory (EFT) of LSS provides a consistent way to perturbatively predict the

clustering of matter at large distances. In this talk, | will discuss the status of the EFT of LSS and present recent work describing the inclusion of
baryonsin the EFT approach, including comparisons to N-body simulations.</p>
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e B modes sensitive to tensor fluctuations during inflation
e "smoking gun" for inflation: can we make this more precise?

e inflation is the only single-field model that can produce

scale-invariant scalar modes

e similar no-go theorem for tensors?
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e “not-so-big bang": a
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e epoch that pushes modes outside horizon ends to give normal
expansion = time diffs spontaneously broken

e EFT of inflation: most generic action consistent with symmetry

e keeping only terms fixed by background gives (v*) ~ H(t)*/M3,

e with speed of sound, (v*) ~ H*/c, M3, = can restore scale
Invariance
. . 4 / 1 2 | ‘ 2 T ‘r ¢ 00
S /(/ zv/—g M3 [R® — 2(3H? + H) + 2H4g
l 2 (0K* 6 K ,— 0K ‘)
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e result independent of «: all scalings of a = (t/ty)* allowed?
e ¢, term added in action also contributes higher order terms

e ¢, is very rapidly changing: if ¢ modes go outside horizon, c,
varies by:

e if ¢, always subluminal, then ¢, < 1 at some point
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e cubic action is large when ¢, — 0

Ly M a” (i ¥ s ? L, ov1/0
Lec M2,a3( o

e constrained by weak coupling
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e get bound in terms of r and a

N | 7
2 1()}.’;
1 r}‘ 10 O
e satisfied when o —
e to have a large o < 1, need non-perturbatively small r
e example: forr > 107° and N = 10, need o 2 4 (eq < 0.25)

e these are inflation-like backgrounds
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e approximation of high energy
(UV) theory at low energies
(IR) + perturbative
corrections

e UV theory is known: integrate
out to get simpler IR theory

e UV theory unknown:
parameterize ignorance of UV
effects in EFT parameters
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e phase space density f(Z, p)d°zd’p:
probability that there is a particle in

volume d°xd’p

\, .
__ _ _ \
e for particles, given by . —
, ) ~ 3/ = b\ ©3/ P /. N\
fo(Z,p) =3 6°(%—T,)0°(p— mav,)
r
e each particle obeys collisionless
Bolzmann equation:
of, | ) of, ~ OO; ",,
In 4 P o m >, =2 .42 =)
ot ma* 01 -~ 01 op
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e apply window function that cuts off £ > A and expand f/{

Z,p) in
moments of »p = fluid equations for 0 and '

e equations for higher moments suppressed by mean free path

e DM moves slowly compared to H = effective mean free path
v/H ~ 1/kpnp, so fluid description valid
L,
O:((14+0 | U
a
; 1 | | l
t H1 U7 01 0 0,
a ’ a ap
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e smoothed effective stress tensor |77, is a function of long modes

e expansion in perturbations and k/ky;, (constrained by symmetry)

e parameters encode expectation values of short modes in the
presence of long modes
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e from equations of motion: counterterm proportional to linear

)

field, 6(°Y) ~ (}‘. ’ ) 1%

e Smoothed fields § and v* depend on smoothing scale A

e A-dependence in loops canceled by A-dependence of
counter-term c;
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e various baryon processes
modify the matter power
spectrum by > 1% on
relevant scales

e baryon effects include: star
formation, SN feedback, AGN
feedback
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e generalize to 2 particle species interacting only via gravity with

relative densities wy = harvon /2, W, Qopv /0
. | |
0 d;((1+ o0.)v
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a : a a ‘ a
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a | . a | a N
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e at one loop, four possible parameters:

‘ ; 2 A ) 2 / 2 2 \ 2 N2 ¢
0; (07) 0i(7)e ~ ¢, (W00 + wp0“0y ) + ., 070
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basis of adiabatic (total matter) 64 = w.d. + wydy, and
iIsocurvature modes: 0; = 0 0

' ) . (1 (1 -
from linear equations, 0; * ~ const and 0,’(k,a) ~ D(a), linear
growth factor for total matter

at z =10, d;/64 ~ 107% — isocurvature mode suppressed, can
neglect in loops

because isocurvature loops neglected, counterterms needed for
only adiabatic diagrams, so only two c; parameters come in
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e Lagrangian approach: probability to
be displaced from ¢ to 7

r* Pioa 2(g=100,r)
008 ‘:'
' * e e '\ 0.06 "‘:. \ ‘I"‘.
P [ dk e RN (A A\
0.04 )
0.02 :
e resum leading effect of large e e AN (Mo
displacements by convolving Eulerian
correlator with this probability
N,
~(N) g - a 3 - [ A =  ~(7) '
Eresum (T t1,t2) = ) / d°q Pn—;(71q, 1, t2)&Euer (75 E1, t2)
1=0"

e remaining effect of large
displacements is perturbative
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e modify IR resummation to include baryons: large effect in
cross-correlation

e relative velocity effect large at 10 and leads to a breaking of
perturbation theory

e EFT provides a consistent perturbative scheme, with higher order

corrections
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no barvon

o Ac’: effect of baryons on total matter speed of sound, determine
by matching to P4/P3

only

o . effect of having 2 species, determine by matching to P°/P~
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