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Why inflation?

Inflation can provide otherwise finely tuned initial conditions

Hot big bang Inflation
e Horizon problem @ Single causal patch
o Flatness problem @ Locally flat
@ Monopole problem o Diluted away
o Initial perturbations @ Quantum fluctuations

Predictions of inflation are consistent with observations, but...
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Why bothering about extra structure?

Observations seem to prefer long enough slow-roll inflation

ZLettlpl = Lolop]
——

slow-roll

Smooth structure over a few x mp;
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Why bothering about extra structure?

Observations seem to prefer long enough slow-roll inflation

]
Laalg) = 2019) + T o

slow-roll —/—‘
EFT allows these

Smooth structure over a few x mp;

«—>

Structure beyond a cutoff A < mp;

EFT introduces sub-cutoff structure: tension with observations
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Why features in the primordial spectrum?
e Intervening structure gives signals with significant deviation
e Tantalizing observational hints: have we already seen?
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Why correlated features in the primordial spectra?

o Effects of deviations permeate the whole inflationary system
@ All correlation functions are correlated

@ New observational handle

Q: How features are correlated in correlation functions

in the effective theory viewpoint?
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Action for the Goldstone mode

In the decoupling limit with 7 = =2/ H (cheungetal. 2008

2 2
, Vn
Sn=fd4x\/—g %R—mﬁlH 7't2—( 2) — usual SR
a
V)? 4
+2M, #2475 az) —§M347'z3+---} — departure

e M} isin principle independent from each other

° Mg common to S, and S3: 2- & 3-pt fct are explicitly correlated

(cf. Achucarro et al. 2013, ]G, Schalm & Shiu 2014)

] 1S on general argument SO we neglect it
Mj is on general arg o |(M)°] glect

(Achucarro et al. 2012)
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Features in the power spectrum

Q@ Consider Mg as a perturbation:

So = Sy free + f d* xa*2 My () 7*
W—/ Y

J

4 '
no M. _
2 = SZ,im

@ Follow the in-in formalism: with Hy jn¢ = [ d®xa® (—-2M;) 7

n
A(mpmgm)) =i f adn' (0|[Ha,in(m"), w7 4(m)] | 0)
Mo

2 2
= 2m)36® e+ q)%M}ﬂ

Q@ AP, is given by M: with 2, = P/ H? = (87 m%,le)_l,

AP, APy k fo o
= = dn(-2M;)sin(2
@, Py emIZJIH2 —o0 n( 2)sin(2kn)
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Inverting the power spectrum

Q With 7x(-7) = -7} (), we can oddly extend M, to define M, as

—4 | My ifn<o
Mz(”)"{ -My(-n) ifn>0

@ This extends the time integral from (—oo, 0) to (—oo,00):

= d M sin(2k
Pz, m H2 g (2km)

@ Usingsin(2kn) = (62’7“7 — g~ 2ikn ) /(2i) we can invert this relation

ikn

ems, H? foo dk A%,

M) =i P
o0
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Bispectrum

From
(Vm)?
a2

JI—TL'

S3= f d‘lx\/_gZM4

the standard in-in formalism calculation gives

By (ki, ke, k3) = i7ty, 7y, 7y, (0) f dn (—2aMs) [Gﬁ’k ﬁ}c ﬁ}c (m
+2(k; - kg)frkliszz’f;€3 +2 perm]

We can replace Mg with A2,/ 22, by trading n with a deriv w.r.t. k:

o i © 1d md K
i2k-K)n _ i(2k-K)n _ k- —
f_ood"ne f_ooanzdke 2zdk5( 2)
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Bispectrum correlated with power spectrum

Bispectrum is specified by power spectrum and its first 2 derivs:

(2m)* , H
B;(ky, ko, k3) = ————
Bk k)= o I ok
=—H 3By :H—492
x [Alky, k2, ks) Zan B(ky, ko, k3)(ng — 1)

+ C(ky, ko, ks)az

Atk ko k) = = Y R+ =T B -2 T K

t#] z>] i
1 1
B(klykZ:kfi) ZkaS ZkaZ —Zkl - = 1k2k3
z#] z> 4 l#] 4
C(ky, ko, k3) = — KZZkzk?'f'—Zkzkz k1k2k3
i#j i>j
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Squeezed configuration and consistency relation

In the squeezed configuration (k; = ky and ks — 0) Bz — 0
° Mé1 first captures the speed of sound (cheungetal. 20082
2M,

5
mPlH

cs_2 =1-
o Effects other than ¢, also exist but suppressed:

T=—— —€R
H “~—~~~
=+Hen

Cubic terms with different deriv structure: 727 and 7 (V)2

(Cheung et al. 2008b)

@ We need next-to-leading terms in the decoupling limit:
cancellation up to G(1/¢2) and G (/) menaus-retei 2010,
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Conclusions

e Features can provide information beyond slow-roll
e Features in correlation functions are all correlated

e Leading EFT expansion coefficient Mg sources AP
e We can find By = B3 (2%, hg, Ag)

e Different features in %4 leads to distinctive By
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