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BAO in pictures
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BAO in the sky

Planck 2015
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Outline

Fulerian PT and IR-resummation
Resummation of IR mode-coupling for the 2-PF
IR-resummation for the 3-PF

A useful numerical approximation
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Standard Perturbation Theory (SPT)

0.0+ V- [(1+ 8] =0,
Fluid Equations: .0+ HT+T-Vi+ Vo =0
Ap = %’Hmm&

: : . T k ,/‘// n
Perturbative solution:  6,(k) —=— = Offnear(?)
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Effective Field Theory

0,0 +V - [(1+0)7] =0,

—

Fluid Equations: 0,0+ HU+vU- Vv+§gb VT
ap
A¢ — §H2Qm5
Perturbative solution: 6, (k) —— Olinear (q)
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SPT 2-Point Function (2-PF)

P(k)‘tree—level — = a

- — tree—level

102 1 R A A 1 PR R T B B A
103 0.01 0.1

k [h/Mpc]

Where is the BAO in Fourier space?
The BAO signal is ~5% oscillation with freqg. 1/150 Mpc
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SPT 2-Point Function

P(k)|1—l00p — ~ = ‘FQFQ > n =

1-loop

- — tree—level

102 1 R A A 1 PR R T B B A
103 0.01 0.1

k- [h/Mpc]

Perturbation Theory should recover the BAQO,
so the more loops the better, right?
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SPT 2-Point Function

SPT completely fails around the BAO scale

— tree—level

G. Trevisan - NYU
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SPT 2-Point Function

SPT completely fails around the BAO scale

: 1-loop
B — tree—level
o
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SPT 2-Point Function

SPT completely fails around the BAO scale

- 2-]oop
1-loop

- tree—level

What is going on?
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Why SPT fails?

Let’s focus on the 1-loop correction for a mode k

1 d*p (p- k)’
P_OOkN—/ Pin kﬁ— Pink —2Pink Pin .
oop(K) ~ 5 | pi LimllR =P+ Pin(jk 4 pl) = 28m(k])] Ain(p)

b
k2’

For a smooth component  ~ B, (k)

Very long modes (p < k) contribute little to the loop
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Why SPT fails?

The smooth component receives small
contributions from loop integrals

d3
Pl—loop(k) ™ Phn(k)/ p3 Plln(p)

p<k (27)
— Plin (k) €5

and €5, <K 1

which is good for PT

G. Trevisan - NYU Berkeley - 2018



Why SPT fails?

Let's go back to the 1-loop expression

1 d*p (p- k)’
P1 _100p (K N_/
1-toop (K) 2 Jp<r (2m)3  p?

Bin(|k — p|) + Bin(|k + p|) — 2Bi(|k|)] Pin(p)-

B, o sin(k/kose)

For the BAO ~ P (k) (cos (plao) — 1)

There is an infrared contribution from  fgao Sp Sk
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Why SPT fails?

The wiggly component (BAO) receives large infrared
(IR-enhanced) contribution from loop integrals

le—loop(k) ~ kQPw

lin

0 /ﬁ_l d*p  Pin(p)

BAOSPSE (277)3 p2

— Pﬁ%(k)€3<.

aﬂd 6S< ~ 1

Bad for doing PT! Better not to expand

G. Trevisan - NYU Berkeley - 2018



A brief excursus on Lagrangian PT (LPT)

Instead of using comoving coordinates, use fluid coordinates
7(q,1) = ¢+ s(q,t)
and sum over all initial positions
14 0(F /d3q53 (Z— G- 3(G.1))
to obtain the 2-PF

P(k) — /dBQ12 6_7:]2'(712 <6_iE'(§(Q1)_§(QQ))>
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A brief excursus on Lagrangian PT (LPT)

The linear order solution for the displacement field is

and leads to the Zel'dovich approximation:

—

P(k) — /d3q12 6_%'(—7126_%1"731%<5i5j>(CJ12)

where
d*p Pin(p)
<828]> ™~ / (27'(')3 pg
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To fix just resum...

|R—resummatiOﬂ (é. |a EPT) Senatore, Zaldarriaga ‘15

numerically more demanding

Consistency relations (using EP) sadautet. ai'15

split Pin Into smooth and wiggly components
NLO corrections?

Lagrangian PT (a la Zeldovich) many people

short modes should not be resummed
calculations are more cumbersome, especially EFT

Tlme—SHCGd PT (é. |a QFT) Blas et al. ‘15

need to split Pin iInto smooth and wiggly components
manually check the IR-enhanced contribution
resummation relies on separation of scales
calculations are more cumbersome, especially NLO and UV

G. Trevisan - NYU Berkeley - 2018



IR- Resummation and NLO Corrections



|IR-resummation

LPT calculations involve the average of an exponential
P(k) = [ dquy e R (¢ Glo-Faa)

which can be done as

(@) —exp |3 L (- Ala)).| = Kk.a)

Once expanded to some order in Pis

Lagrangian PT = Standard PT

G. Trevisan - NYU Berkeley - 2018



|IR-resummation

The idea is to resum IR modes (~ €s<)

K|N . IR-resummed, K
up to order N K|N:KO -
Kl e v
KO . contains only — Z R‘ |N—]KJ
IR-displacements 1=0
to get”
N ~
&y =Y [ d*q€f @ Rllx5(r - q7)
7=1

*after an approximation which is parametrically justified
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|IR-resummation with NLO terms
1
Ko(k,q) = exp —ikiijg{(CI)

What is the NLO |IR-enhanced term?

(55) 1—toop ~ (5500)

n—1
Sy ™~ S04

_
T~

(888) |tree ~ (5550)
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IR-resummation with NLO terms
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IR-resummation with NLO terms
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IR-resummation for the 3-PF

Scoccimarro, Trevisan: arXiv XXXX.XXXX



Detection of the BAO in the 3-PF

Slepian et al. 1607.06097
Gaztanaga et. al 0807.2448
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SPT predictions for the 3-PF

Equilateral triangles

10* x ¢ [Equilateral]
O
ot

— ( tree-level

[ [Mpc/h]
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SPT predictions for the 3-PF

Baldauf et.al 1406.4135
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IR-resummation for the 3-PF

Start from

(14 8(Z))(1 + 8(2)) (1 + 8(Zs)) /d%d@’qe @) K (K, q),

where

K(k.q) = (¢ *2@) Alq) = (5(q1) — 5(g3), 5(¢2) — 5(43))

to obtain the IR-resummed 3-PF

CIR+($1,f2,$3 |N = /d6TZC]

S (=ivy, @), Glay)]

Yy=x—r
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IR-resummation for the 3-PF

Similar to the resummation of the 2PF
For example at tree-level

Gaussian-like kernel induced by
long displacement modes

Scoccimarro, Trevisan: in preparation
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IR-resummation for the 3-PF

1.5
- {tree

1.0F {,Vtree IR+
- zl—loop IR+

| A

10* x ¢ [Equilateral]

[ [Mpc/h]

Scoccimarro, Trevisan: in preparation
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IR-resummation for the 3-PF

10* x ¢ [side—ratio 1:2]

— ( tree—level - {999 32111
— ¢ 1-loop e L3on g - L
4 8 2 8
0

Scoccimarro, Trevisan: in preparation
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IR-resummation for the 3-PF
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A numerical approximation

Plin% nw(k)+6_k2212\ W(k)

lin lin

1 A Pin . .
M4 = §/ d°p 1p2(p) (1 — Jo(pfBao) + 270(plBAo))
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A numerical approximation

Plin% nw(k)+6_k2212\ W(k)

lin lin

1 A Pin . .
M4 = §/ d°p 1p2(p) (1 — Jo(pfBao) + 270(plBAo))
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Conclusions

o Although IR-enhanced, IR mode-coupling
eads to corrections <1% in the 2-PF

o |IR-resummation fixes also the 3-PF
® Tree-level and 1-loop 3PF agree quite well
s Num. approx. very close already at 1-loop

& 3-PF contains additional information:
how well can we constraint??
reconstruction??

G. Trevisan - NYU Berkeley - 2018
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