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DISCUSSION ON PT

KEY POINTS

» calibration with simulations at one cosmology fine?

» cosmological analysis (MCMC) practical?

» predictivity at every point in the cosmological parameter
space

» determine parameters from sims, and use it

) or, treat as free parameters and determine by comparison
with observation

» and speed, hopefully



DISCUSSION ON PT

THE APPROACHES

» pure analytical, 1st principle calculations

» SPT, LPT (singlestream)
» analytical but with some calibration w/ simulations or ansatz
» RPT, RegPT, ...

» analytical, but largely relying on simulations

» halo model, EFT, Zheng-Song, distribution function approach, ...

» fully based on simulations

» emulator, fitting formulae



SPT

{F_n, G_n} kernels + linear power spectrum are the
fundamental building blocks

diagram expressions (2-loops; only partly, 7 out of 29)

Croce & Scoccimarro 06



DISCUSSION ON PT

PURE ANALYTICAL, 15T PRINCIPLE CALCULATIONS

» Approximations
» single stream (Atsushi’s talk yesterday)
» {F_n, G_n}kernels borrowed from Einstein-de-Sitter solution

» history dependence?

» Pni(k, z) = Pni[Pin(9,2)1(k,z) fine?



Real space
Redshift space
Mead 16
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RPT-like approaches

“Propagator” is an important building block

(6(k, 2) do(k'))
D.(z) — G(k,z) = m’ Croce & Scoccimarro 08

Multi-point propagators Ualks) ) _
(kp)”

(F,,,G,} kernels in PT s 2 ki)...00s,

Bernardeau, Crocce & Scoccimarro 08



Propagator

Loss of information in the
initial condition due to the _

. : 1-loop 2-loop
motion of mass elements : ~ %P grer

1+
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_C,Hs

exactly Gaussian in case of
Zel'dovich dynamics

width of Gaussian is rms
displacementin 1D
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RPT

The alpha correction Croce & Scoccimarro 08

The way we estimated this subdominant contribution
is as follows. We notice that a sub-set of these sublead-
ing diagrams leads to power spectrum resummation. In
this case the nonlinear spectrum, instead of the linear,

should be used to compute the nonlinear propagator in
2

its large-k limit (i.e. 02 — a*(z)o?, with a?(z) given by
[ Pu(k,2)d°q/q*/ [ Pin(k,2)d’q/q*). For simplicity, we
computed this factor using haloefit to describe Py (k, 2),
and found that it grows monotically from 1 at high red-
shift to & ~ 1.05 at z = 0. Thus we multiply by a?(z) the
exponents in each component of G, in Eq. (41) of [19].
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RegPT

running

P(k) [(h~'Mpc)?]
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EFTOﬂ_SS e.g., Angulo + 14, Forman + 15

the key is take into account the stress tensor

0 i - i [Q7 i 9j
(aT)plz' D cgaza2¢ ~ C ' (8T)Pl D0 [82¢] + 0 [873’“(;5 8_7(9k¢] + 0 aJQS 8j82¢
ook . 90 ] , 00

(BT)plz' D a’i(aj,vj) ~ 8”;(52 +8" |: 52 ) 52 5] -+ 75 . 8_75 .

n —5) L 01 [0%¢)° | O [070%¢ 0,000 az‘aﬂ’qf)aja%b}.

Since there are many of those, we just wrote a representative one.



EFTOﬂ_SS e.g., Carrasco + 14
corresponding power spectrum corrections (standard)

PerT-1-100p (k, 2) = [D1(2)]*Pr1(k) + [D1(2)]* Prioop (k) + Pyl (k, 2)

ples)

tree

(k, 2) = —2(2m)Z,
PrrT-2100p (K, 2) = PEFT-1-100p (K, 2) + [D1 (z)]6p2-100p(k) — 2(27")63(2) (2) kLz Pr(k)

C+ 3
2(C+ 1)

/C4
) (€1 (2))*[D1(2))° —5 P (k)

PQL

+ (2m)e2 1y (2)[D1(2))* Py (K) + (27)? (1 +

gives ~physically well motivated” parameterization



EFTOﬂ_SS Forman, Perrier & Senatore + 15

corresponding power spectrum corrections (more
complete)

e quadratic counterterms:

Pquad. counterterms(k, z) - (12)
271' d,0 d, 1 ad. 2 d,3
31" (coe) PLag (k) + (@) Py () + Ba8) PLe 2 (4) + () P O (B))

e higher-derivative counterterm:

k 4
Py geriv. counterterm(ka z) - 2(2'”)21)1 (2)2 C4 (z) (m) Pll(k) .

e stochastic counterterm:

4
PStOCh(ka z) = (27")2D1 (2)2 cStOCh(z) (%)

1
— . 14
kni’ (14)
e cubic counterterms: they are degenerate with k?Py1(k), and therefore do not need to be included

in the calculation.




Forman, Perrier & Senatore + 15

EFTofLSS

determine the parameter to fit dark sky simulation

-=-2-loop EFT, ¢, =0.53 (knr/[2h Mpc='])*

— withk*Py; + P(Iqllf;ib:). Cg(:) =0.48 (kn/[2h I\/’IpC_I ])? c; =-0.74 (knr/[2h I\/’IpC_I ])? cy =—06.4 (kn/[2h I\/’IPC_I ])4
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Forman, Perrier & Senatore + 15
-=-2-loop EFT, cZ;, =0.53 (kn/[2h Mpc™'])?
-—- with p4uado cZ 1y =0.33 (knr/[2h Mpc'])%, co = 3.5 (kn/[2h Mpc'])?

I loop

.= with ptuad.ly cZqy =0.48 (knr/[2h Mpc'])%, ¢y =0.47 (knr/[2h Mpc'])?

I loop
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I loop
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EFTOﬂ_SS Cataneo, Forman & Senatore + 16

fit the model to the emulator at various
cosmologies, and Taylor expand the
cosmology dependence of the EFT
parameters

quick evaluation of the loop integral by
degrading the accuracy parameters and
apply further Taylor expansion

k
PerT-2100p(k, 2) = P11(k, 2))2 + Proocop(k, 2)1 — 2(27T)C.,(1) (k Py (k, Z))

NL 11

k
+ P?-loop(ka Z)HO - 2(2")03(2) (k2 Pll(k Z))
NL 0

+ (27)c2 P ]o)op(k 2)jo + (2)* ( ))2 (1 T3 (CC+ %")) (
T 4 N

: k4
+ (2m)er P oc ) (k, z) o + 2(27)%ca (—Pu(k z)) .
kNL 0




Cataneo, Forman & Senatore + 16

k
PerT-2100p(k, 2) = Pr1(k, 2)j2 + Pricop(k, 2)j1 — 2(27)c2 ) (
°NL

k
+ P2 loop(k Z)”O — (Q‘K)Cs(z) (k2 Pll(k z))
10

4

10

cs 2 ¢ -+ k4
+ (2m)cs 1)P1( lo)op(k,z) 0+ (2m)? (cg(l)) (1 + Q(C'*‘d)> (k{L Py, (k, Z))

k4
+ 2n)er Pl b, 2 + 202 (g Pu(ki2)) (1)
NL 10




RESPONSE FUNCTION

RESPONSE FUNCTION Xk t, Quuotse..) = Xot [Pintt, Quuses--)] ()

any quantity @ final state

5 X (k)
Kx(k,q) = q(gp()(q) initial spectrum
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from order-by-order to the full
order discussion

estimate the derivative from
simulations
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Overall shape fine

7= — Otl-loop Cancellation of terms at UV

(P_13 + P_22)
(P_15+P_24 + P_33)

UV looks more problematic

- k=0.161 h Mpc” —  (0+1+2)-loop

2-loop > 1-loop > N-body
Dominant terms at UV are:
P_13 (@ 1-loop), P_15 (@ 2-loop)

l.e., terms containing high-order 2-pt
propagator

initial wave mode q [h/Mpc]

TN, Bernardeau, Taruya ‘14



q = 2k are shown -

.

This is exactly the place where PT
breaks down

Simple Lorentzian form can nicely
explain the suppression

e k-0.081 hMpc”

5 27
4 k=0.161 hMpe'| - 1+ (C]/C]())
® k=0.323 ¢’
| > [ arge scale modes somehow

go independent of k

protected from small scale

uncertainty?

shell crossing? — Effective Field Theory?
The formula gives a quantitative guide to
construct UV-safe models

initial wave mode [h/Mpc]

TN, Bernardeau, Taruya ‘14
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I expansion

“Success” of 2-loop renormalized PT,
while SPT 3-loop clearly breaks
down

data: 1400 sims.

SPT is explicitly used to construct low k
propagator in the calculations

Not a solution to the high-qg crisis
[ expansion efficiently computes the
mode coupling around g ~ k

very successful at high-z as this is the
dominant place where modes couple

Galilean invariance is violated at low g

Cover a wide dynamic range
seamlessly by combining 3 models
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I expansion

“Success” of 2-loop renormalized PT,
while SPT 3-loop clearly breaks
down

data: 1400 sims.

SPT is explicitly used to construct low k
propagator in the calculations

Not a solution to the high-qg crisis
[ expansion efficiently computes the
mode coupling around g ~ k

very successful at high-z as this is the
dominant place where modes couple

Galilean invariance is violated at low g

Cover a wide dynamic range
seamlessly by combining 3 models




data: 1400 sims.

Calculation based on SPT
low-q is fine, automatically.
2-phenomenological regularizations
one, exp(-k?cy4?) like RegPT
the other, exp(-g°c4?)

Cover a wide dynamic range
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from the definition of TN et al. in prep
functional derivative

AP, (k) = /dlan(k,q)APnn(Q)

Simulation data for PLANCK
cosmology as the fiducial model

& PLANCK15 (z=3.10) —> WMAPS5 (z=3.0C

suppressed variance by “fixed-and-paired”
method (Angulo, Pontzen’16)

-0.4 <z <5, 20 outputs

alias correction by “interlacing” method
(Sefusatti+'16)

— Prediction for WMAPS5
cosmology

PwmapS(k) — Pplancle(k) =+ /dlan(kv Q)[Plin,wmapB(Q) i Plin,planck15(Q)]




from the definition of TN et al. in prep
functional derivative

PLA‘;[\'ICK15 (z=1.05) —> WMAPS5 (z=1.00L
AP, (k) = / dinq K(k,q)APin(q) ot

PRELIMINARY

Simulation data for PLANCK
cosmology as the fiducial model

suppressed variance by “fixed-and-paired”
method (Angulo, Pontzen’16)

-0.4 <z <5, 20 outputs

alias correction by “interlacing” method
(Sefusatti+'16)

— Prediction for WMAPS5
cosmology

PwmapS(k) — Pplancle(k) =+ /dlan(kv Q)[Plin,wmapB(Q) i Plin,planck15(Q)]




from the definition of TN et al. in prep
functional derivative

AP, (k) = /dlan(k,q)APhn(q)
Simulation data for PLANCK

cosmology as the fiducial model

suppressed variance by “fixed-and-paired”
method (Angulo, Pontzen’16)

-0.4 <z <5, 20 outputs

alias correction by “interlacing” method
(Sefusatti+'16)

— Prediction for WMAPS5
cosmology
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