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Abstract: <p>Extending the EFT of Inflation by adding margina operators in unitary gauge that can affect the equation of motion for scalar
perturbations, we unravel new inflationary models in which the dispersion relations is a sixth order polynomial. In particular we focus on the healthy
marginal operators that do not infiltrate ghosts into the equations of motion and allow for gravity to decouple from the Goldstone boson above some
energy scale. Various scenarios can arise depending on the parameters in the original theory. In particular, one can consider scenarios in which the
mode becomes tachyonic while still it is inside the horizon. More conservatively, one can consider models in which the group velocity of the
propagation becomes negative. In these inflationary models, the amplitude of scalar power spectrum gets a modulation factor, which in mgority of
the cases is much bigger than one. We aso show that these margina operators leave the tensor perturbations intact, and hence the form of tensor
power spectrum remains resilient even in the marginally extended EFT of inflation. Due to the enhancement of the scalar power spectrum, the
tensor-to-scalar ratio is suppressed by a huge factor..</p>
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Introduction

« Inflation: indispensable part of early universe cosmology

» Solves the problems of SBB cosmology. A. Guth (1981)

* There are many of models that can realise the paradigm. No shortage in realisation!

* Vanilla Model: Slow-roll Inflation

| |
oo ¥ iy L ) R 7 ‘.JI
« Potentially-driven L=-5R+50.40"¢ —V(9)

* QM fluctuations of the inflation === scale-invariant two-point function

V()
[
« Small inflation self-couplings <
« Small non-gaussianity Maldacena (2003) \j
, ¢
Pemn Pend Reheating
—
A
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Introduction

Armendariz-Picon, Damour,

* Another class: Kinetically driven Inflation (K-inflation) Mukhanov (1999)

[
L=—-=R-p¢,X)
2
p(, X) = K($)X + L($)X2 + - X = 10,0070

- Op(¢, X)

p= I}((/), 4\’) E = 3;7((/), 4\,) = 2X X o ?)((f)._. /\r)

H

el ~

One can build examples where P~ —¢ === a(l) =«

2 PX P, x
= === - T
Ex DPx+2Xpxx

Stability requires ¢% > 0 and ¢ < 1to be able to UV complete the theory.

Adams, N. Arkani-Hamed, et. al (2006)

* Whether it becomes secretly nonlocal is under dispute!
Babichev, Mukhanov & Vikman (2007)
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Introduction
oz I
* It can be shown that in this case, (((C) ~ — S. Kachru & G. Sniu (2006)
Ca
S

for (“f, < 1 the 3pt functions becomes large!

. . . ; : Alishahiha, Silverstein,
An example of K-inflatinary models is DBI inflation: Tong (2004)

' | |
ftt = / e [57” g5V I (-"(f/)) L+ F(9)0u00m + V(r/)))]

bulk < f >
o e R e L .,
e \\\ + IR Brauch 1LCL:
e . cultdn) < 1 H
/‘\\\L_ ’/,/ M
6D QY P -
\,._,_5 - ‘ 1]
— N~ P e Lo
— P "5y IV Branch 1Oy
S, e oo N
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Introduction

» Another class: Ghost Inflation Arkani-Hamed, Cheng, Luty, Mukohyama (2003)

« Derivatively coupled ghost ¢ which“condenses” in a background where it has a
non-zero velocity

((,5) = M? does not redshift!

» Ghost condensate can fluctuate

¢=M*t+m

« The remaining symmetries of the theory allows for

o4 1 o? 5 \! 1) .
. _ 4,1 .2 2. NG : 2
S = / d TS = 2]\-/2(V ) 2]\_127r('\7'ﬁ)
k“
w? = a* T Lorentz-violating
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Introduction

« Study all models in a single framework.

under ¢ — ¢ + £°(¢, T}) = 0 — 0 + r/.)(/,) £0(¢, —17\')

One can go to unitary gauge, where d¢ = ()

All the perturbations will be in the metric, which now has 3 d.o.f’s.

Besides the 2 transverse components, one has a longitudinal component too.

» Similar to spontaneously broken gauge theory: the Goldstone boson is eaten by the
gauge field ==» massive spin 1 gauge field

* The NL sigma model of Goldstone =={3» UV completed to the Higgs theory.

« The NL sigma model of 77, will be UV completed to ¢ the Lagrangian

* In the EFT approach to inflation: emphasis is on 77
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Outline

EFT of inflation (EFTol) C. Cheung, P. Creminelli, et al (2007)

Unification of Various Inflationary models in the EFTol

Recovering the action for the Goldstone Boson

Going Beyond the Quartic Order in the Dispersion Relation, w? ~ k*" n >3

Marginally Extended EFTol (MEEFTol)

Tensor Perturbations in the MEEFTol

Scalar Perturbations and tensor/scalar in the MEEFTol
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EFT of inflation (EFTol) C. Cheung, P. Creminelli, et al (2007)

» In unitary gauge, §¢(t, ) = 0 == Only the spatial diffs are still unbroken

» Lagrangian is built out of operators that respect the spatial diffs.

» Any f(t)

» R,..,. and its covariant derivatives contracted to give a scalar

.(fU“

> [\';u/

» Ot =6, contracted with any tenso g ik

» 'H‘” ( ( ] 0 1R ) vati
¢ /J;ZV[,H,J N Vel .[ ( .r/“”] Iff‘l'f{)ﬂ[_ .r,r'“')

/I!,,, v | my d> "fa’,,;.‘\ hf:fﬂ}h’:/ff.\'fa'i,,‘l,.,‘ [ PR 8 Kiadine + Kot va
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EFT of inflation (EFTol) C. Cheung, P. Creminelli, et al (2007)

» In unitary gauge, §¢(t,#) = 0 == Only the spatial diffs are still unbroken
» Lagrangian is built out of operators that respect the spatial diffs.

» Any f(t)

» R,..,. and its covariant derivatives contracted to give a scalar

00
P g

) [\';u/

, 4
S = d L\/ —,(]F(R;u/pa,g“”?K/,J,,,V,,,'t)
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EFT of inflation (EFTol) C. Cheung, P. Creminelli, et al (2007)

Expanding the action around the FRW

- - —_ - - .“]) = . “
r”\,,p — l\,lH’ l\;w 0 li)h.uﬂrr — ]\)Ju/]mr — ll)ﬁr.f/)/Jrr

; w |
\ | 2 (2 o s ¥y ) .
S /:! z\/—g L)M,, R—c(t)g™ — A@t) + F* (14 g™, 6K, 0Ruupe; Vi t)
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EFT of inflation (EFTol) C. Cheung, P. Creminelli, et al (2007)

» Expanding the action around the FRW

(0)
Jo

o h)(ll)

0Kyw=K,y— K ‘
MV paT

0 [1)'.,,,,/,(, — ]1’,,,,,,,,,-,

S /(f'.f'\/ g l‘)M;H e(t)g?® = A(t) + F\9(1 4 y””,r”\,,mbh’,”,m;VI,:!)}
where using the symmetries of FRW

KW — —Hh,, la’jff)m = 2(H + A:)'“Jh!,[,,h.,ﬂ,, + [(H + H'“’) o 0 + ])vnn.}

i vep

* The linear terms are fixed, assuming that given FRW background is a solution.
2 ) f" 2 ) ! k
c(t) = —M? (u (,,) A(t) = =M (:m- + H + 2- ) k=-1,0,1

1= (f
f ' - ‘ A 12 p 2 = /‘ 00 o 0 2 3 F !" (2) (4] y )
SError d'ev/—g -,'”J- i .”‘” I - | g :l'lf‘,, JH*+H+2— |+ F (149", 0K, 0R, 00}

a@a”

Vi t)]
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EFT of inflation (EFTol) C. Cheung, P. Creminelli, et al (2007)

» Expanding the action around the FRW

(0)
Jo

o h)(ll)

0Kyw=K,y— K ‘
MV paT

0 [1)'.,,,,/,(, — ]1’,,,,,,,,,-,

S /(f'.f'\/ g l‘)M;H e(t)g?® = A(t) + F\9(1 4 y””,r”\,,mbh’,”,m;VI,:!)}
where using the symmetries of FRW

KW — —Hh,, la’jff)m = 2(H + A:)'“Jh!,[,,h.,ﬂ,, + [(H + H'“’) o 0 + ])vnn.}

i vep

* The linear terms are fixed, assuming that given FRW background is a solution.

" . jl' r 9 . !\'
c(t) M"j (H ,,) Ll e --ﬂfi'f (3”" + H + 2- _,) b= —1.,0.1
(e (I
g . Iy | V2R o I k 00 as2 { qrrd : - k L i 0012
SErTel d'xy/—g |- fr, R .-Uf, H p 7 :U,, SH* 4+ H 4 2= 15 Ma(t)" (1 4+ g7 )%+
| o '1- 1"1 i ) \ /-I:? v b
= Ma(t)*(1 + ¢"%)° .,‘h G =hep KoK ‘

). & &
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Unification of Various Inflationary models in the EFTol

* Slow-roll inflation

" v : y ) Qe 9 3 ¢ }"
M2(1] *-) L g2 V(¢) = M2(3H? + H + 2—;)

p a2 9" a*

l 9 ’ |
( r‘)” w)° | (¢h)

2

SEFTo] = /”’IJ'\/ q

" . ' | i - | ‘ o
* K-lnflatlon Sl’( in [lation / ([].;' \/ ) I}( 9 (";)d'q”“q (/)) X : ) (()'”(;J)—
(j.)('/ )--“ onp

= ‘SI\' wn flation y *Hf'.'l"'l‘u.f
A P

MA(t)
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Unification of Various Inflationary models in the EFTol

* Slow-roll inflation

; r i ri o 2 /e 2 ! 4 ke
M} (H "‘j,) " V(p) = My(BH" + H + 2—)
a* 2 G
' l 9 -
SEFTol — /f"l;f'\/ g |—50u0)" = V()
" . ' | - - | ‘ o
* K-lnflatlon Sl’( in flation /([].;- \/ 4 I}(n)(‘bd-(l‘)("(‘/)) X : ')(()'”(;J)—
“:. + 2n _)” ; ' ’
M ](;’) )(/) o = ‘SI\' wn flation > O EFTol
h o PX"

« Ghost inflation and models with O(k*)correction to the dispersion relation
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Unification of Various Inflationary models in the EFTol

* Slow-roll inflation

; . i 591y 2 e 9 : : k
MEH - Sy = L V(¢) = M2(3H® + H +2—;)
(* 2 a
" | . -
SEFTol — /,;'_,.\/ g |—50u0)" = V()
. § . B L.y ] | S
* K-'nflatlon Sl’( inflation /d.]"" \/7(] I}(.)Qﬁd.q““*(‘/)) X - 9 (().”('b)—

2

‘.-‘;‘I)(-/) L onp
2n 9Xn
« Ghost inflation and models with O(k*)correction to the dispersion relation

A l”] (/) = ) K—inflation > O EFTol

My (t)?

2 i
O T

o = () ==  Ghost Inflation Arkani-Hamed et. al (2003)

M (t)4 2 2 PIT.
WO SKSKY, C Ligpro = o’ = ak? + Sk

1
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Recovering 7T in Non-Abelian Gauge Theories

Consider the action of non-Abelian gauge group A},
l l m* / o rpa
‘H'Ilrlll Abelian /"zl-fr ( irl I',” f s ,{; rl‘l'/l‘“_/‘iﬂ) 4’"',!.' - Jfllf,[

: ] ; y y
Under a gauge transformation 4, — qu),Jf‘ where D, =8, —igA,

' I om? i
bfntm Abelian — /(fl.l'( IFI‘I'I"}”zI',” 5 ,)II‘I'])!,{IIFI)H([)
. - 2g°
U = exp(e1m")

exp(iT"7" (t, &) = A(t, ¥)exp(iT 7" (1, 7))

== Restoration of Gauge Invariance

m

Using the variable . = —n = f;7
g
L. - I 1l . 9 m
=TeD,UTDFU = S (8ym.)? - Tz [(meBume)® — 72 (Oume)” | il Acutors o [ :
2 2 IE ,
m< B« ™ 1 is weakly coupled and decoupled from the transverse components
g
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: ] ; y y
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' I om? i
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m

Using the variable . = —n = f;7
g
L. - I 1l . 9 m
=TeD,UTDFU = S (8ym.)? - Tz [(meBume)® — 72 (Oume)” | il Acutors o [ :
2 2 IE ,
m< B« ™ 1 is weakly coupled and decoupled from the transverse components
g
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Recovering 7T in Non-Abelian Gauge Theories

Consider the action of non-Abelian gauge group A},
l l m* / o rpa
‘H'Ilrlll Abelian /"zl-fr ( irl I',” f s ,{; rl‘l'/l‘“_/‘iﬂ) 4’"',!.' - Jfllf,[

: ] ; y y
Under a gauge transformation 4, — qu),Jf‘ where D, =8, —igA,

' I om? i
bfntm Abelian — /(fl.l'( IFI‘I'I"}”zI',” 5 ,)II‘I'])!,{IIFI)H([)
. - 2g°
U = exp(e1m")

exp(iT"7" (t, &) = A(t, ¥)exp(iT 7" (1, 7))

== Restoration of Gauge Invariance

m

Using the variable . = —n = f;7
g
L. - | 1l ¢, . 9 m
= [vD, U DHU = = (O, J% = i [(meByume)? — m2(0pme)?| el Acutofs = 47 :
=~ - J .
m< B« ™ 1 is weakly coupled and decoupled from the transverse components
g
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Recovering 77 from the Spatially Diff-Invariant EFTol

t—t=1t+&(F1) , 0T 0P

: !‘lrn-ls U;u/

(ol o b il

Action becomes gauge-inv.
under diffs at all order!
% Slow-roll case:

MEHG® — MEH((1+7)%g° + 2(1 + 7)g%0im + ¢¥ 9;mn0;7).

e = MpHY 27 - l
L I D fi/2 A2 g

) ] )
ge’ = Mpg™

i - P i o h“lni.‘-;
* If k... < H is satisfied (¢ < 1) the action for 7 gives correct predictions upto(’)( 7 )

Equivalence theorem
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Recovering 77 from the Spatially Diff-Invariant EFTol

& K-inflation with M3 > M2|H]|

. , M2 2 ;
T ™~ A/jﬂ— [— lr‘lni\ [ ‘./ = ";\ l_) ‘ I’,II
iy

; 2 24 . 2 ')r'f 2
'SIIT e /(il..f'\/ q [é!ﬂl(q[l’ 1'1’]1]![ (ﬂ"~ (( 'I)

2AI-IJI ['I () cs < I I
= < —— A[. (
M, H 2 >0

2
cg“=1-

My # () =—tmm— Cg < ] == larger non-gaussianity from J {37°

Relation between ¢ (curvature perturbations) and 7 :

gij = a(t)? [(1 + 2¢)d;;]should be unperturbed in terms of 7T when mixing with gravity

is negligible s Hn
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Recovering 77 from the Spatially Diff-Invariant EFTol

** Ghost Inflation-like Scenarios

Vo (t)? Ma(t)* 9 9 :
{) ) f‘il\-f:f "E ) r‘]l’\.”',,f‘ll\i;‘l L‘.;.',‘.'f‘”,‘ =D=.' (gl ll/\ﬂ f :-")/1'1
=0 o=@ woxk? Arkani-Hamed et. al. (2003)
M2 : M M3
;"mix ™ .”M = If’mi.\c e Al_g . Where AI ~ AIJ
¥ p

2 2 (H\ H ’
Te = M*m e—m— P/" e~ | == = —ﬁwlll

M ]
. . £:'r 7m)* H L weqquil. M y
* Non-gaussianity: ‘f e (“) = 1~ = |~ 10

+ More exact treatment of non-gaussianity === fyi"" ~ 10°

Arkani-Hamed et. al. (2003)
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—y
Tensor Perturbations in the EFT of Inflation

o gij = a*(dij +vij) Yii = 0, 0ivij =0,

* (1+ ¢")" do not contribute to the action of tensor perturbations.

* From the extrinsic curvature squared terms:

2

Lrrrol D — 2"? 0K, 0K",
S, = MTf' d'zy/—g Kl - ﬁ—é) YiiVig — aizan.,,jamj = | 1;:;:__:
« Subliminal branch, M? < 0,cp < 1 | M| 1 ===l cp |
|Ms| = M) i — é r = ;)i can increase up to v2 r
» Superluminal branch, M3 > 0,¢p > 1

|M3| = M) el cT — 00 7" could be suppressed indefinitely

Page 25/49
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Going Beyond the Quartic Dispersion Relation, w? ~ k*" n >3

« Why not w? ~ k*" n >3
. |If wz ~ L,zu. C. Cheung, P. Creminelli, et al (2007)
W]~ FE soif E— sk == | _, (/7

p =y g—Lg x— s "y

Ol'T o -
— ) T — 82n 27

i ¥ r L I’ " "3
/ dtd*x [F\/“’Tr”) — kMY =
‘ & To keep the quadratic part

of the action scale-invariant
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Going Beyond the Quartic Dispersion Relation, w? ~ k" n >3
« Why not w? ~ k*" n >3
e If W2 ~ k27 C. Cheung, P. Creminelli, et al (2007)
W~ F soif E—sE == | _ /7

p =y g—Lg x— sy

Ol'T o -
— ) T — 82n 27

i ¥ r L I’ " "3
/ dtd’x [Ar’r’ — kM (=
‘ & To keep the quadratic part

of the action scale-invariant

an

7 (Vr)? —> s T 7'T(V71')2

In the low energy, i.e. s — 0, forn > 3 , the operator becomes strong!
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Going Beyond the Quartic Dispersion Relation, w? ~ k*" n >3

* But wait, what if

" n (2.2 xp6-am OPT 2 o 6o, OPT.
/(H(l';.’lf |:,A[‘zﬂ"z [\[”' -’”((" g )- ﬁﬂ[:‘(a—Jn.(i)z

m ) i
ar ar m < 2

9 1) 21
WP~ a kP 4 Bk

2m

sothatw ~ H, w?~ak
or what if the theory becomes Lorentz-invariant completely at low energies

)
0]'T o

TL

‘ ' 2.2 14, T o B
/(Hd';;rf [/\l”fr” ;-’Il\l(_( j )¢ — /U:;() “(

(1 ' 17}
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Going Beyond the Quartic Dispersion Relation, w? ~ k*" n >3

* But wait, what if

" n (2.2 xp6-am OPT 2 o 6o, OPT.
/(H(l';.’lf |:,A[‘zﬂ"z [\[”' -’”((" g )- ﬁﬂ[:‘(a—Jn.(i)z

m j p
am a' m < 2

2 ) L
w? ~ o k2™ 4 B 2

2m

sothat w~ H, w?~ak

or what if the theory becomes Lorentz-invariant completely at low energies
‘ ) ik -

‘ 2.9 / LEND) s—9m Ui T o
/(Hd';;rf [/\1‘“71’” M, '(_( j )4 — M/S—% ((—))

(1 ar

2 2
O.)H N /))A:-‘” 2 2n

w* ~ k n >3
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" JE———
Marginally Extended EFTol (MEEFTol)

* How to generate such higher dimensional dispersion relations?
(5[\','.‘, D ((');(.)‘,Tr ~+- Ufﬂ“ﬂ-

* Maybe if we can build scalars from (V,,,,.,...... ,0K,5)* we can generate such terms.

« Let us focus on the sextic correction, k* + ak* + 5i°

+ Let us build all the legitimate operators like (V. 0K.s)° that can be added to the
EFTol Lagrangian
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" JE———
Marginally Extended EFTol (MEEFTol)

* How to generate such higher dimensional dispersion relations?
(5[\','.‘, D ((');(.)‘,Tr ~+- Ufﬂ“ﬂ-

+ Maybe if we can build scalars from (V,, ,.,...... ,0I,5)? we can generate such terms.
« Let us focus on the sextic correction, k* + ak® + 3i"

+ Let us build all the legitimate operators like (V. 0K.s)° that can be added to the
EFTol Lagrangian

__ pnon—manryg.
EI*]]*"I‘()I — £

N

A[.'Jl . AI.‘% o M2 i A/.& )
T!_ (" +1)% + TI(I +,fj“”)()l\1h - =2 (6K ;”)2 _ T! SKY, 5K,

=
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" JE———
Marginally Extended EFTol (MEEFTol)

* How to generate such higher dimensional dispersion relations?
(5[\','.‘, D ((');(.)‘,Tr ~+- Ufﬂ“ﬂ-

+ Maybe if we can build scalars from (V,, ,.,...... ,0I,5)? we can generate such terms.
« Let us focus on the sextic correction, k* + ak® + 3i"

+ Let us build all the legitimate operators like (V. 0K.s)° that can be added to the
EFTol Lagrangian

_ pnon—marg. s(maryg.
LMEEFToI= L I s g:)

M , M R v IV v: I
T;W”“%— 1) + TI(I +_rj““)r5l\’;, - =2 ((”\;L)z _ T.;(”\,:J 5K,

=

N

0

t\; ) r)u 5 l_\
z (VoK™ ) (N 0K,y ) = (VL oK",)” ’ IV UV ) l)l VK,V OR .

~ ~ =
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Tensor Perturbations in MEEFTol

« After the implementation of transverse-traceless gauge:

) o o
_% (Vﬂ.f‘)]\;7)(V”f>]\,,,},)

e

l’S| IIJ . 2 1 A0 2 I &0 2 AR
?' - 9 ) (()(}f}"i,}) T TF‘! (r)ﬁr:aﬁf""}') [ _l (()l';vi.f) “ 4 ’ \

* The other operators yield exactly zero, after the TT gauge is imposed

» To get rid of the ghost, 6; =0

« Result for tensor perturbations in MEEF Tol remains the same as EFTol.
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" JEEEE——
Tensor Perturbations in MEEFTol

« After the implementation of transverse-traceless gauge:

—— (V 0K"7)(VHOK,)

l’S| IIJ . 2 1 A0 2 I &0 2 AR
5 | (Doiz)” + And (f)t“:m“r'f\j) ['I (“'ﬁ%‘.,f) “ %N

The other operators yield exactly zero, after the TT gauge is imposed

To get rid of the ghost, 6, = 0

* Result for tensor perturbations in MEEF Tol remains the same as EFTol.

This is further confirmation of P. Creminelli et al (2014) conjecture on the resilience
of the form of the orthodox prediction for the tensor modes.
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" JEEEE——
Scalar Perturbations in MEEFTol

« After the Stuckelberg procedure in de Sitter limits
’ /\[f 5 (0 2
L:-E:m” marg.) _ f\/ H(() 71')" + )A[ T- ((}”H 2 _ 32 (¢ 7:)

o~

027)2 M2 y o ,(0;m)2  (0Fm)?
L O My (22 g OT)” 9jm)
a’ 2 a? a’

A"W“’ mAn kin?  AHAK?n?

e

Lymars:) fm 4 GH 2
2 a’ a“
I /1“71”“J H - A m  kin?  6HY%k*n? -
; + =i e o} 5 O9H 7= ;
2 , a o a 0
l (A[]W'H _ ;II A Tr Il”}‘_‘:T(h e UI{]TI_.E) J k
.2 a* LK
l !\" H* f w2  9H4K2m? 3H2k%?x? 27 )
= -+ + = - = -+ —H*74 ).
-3 2a+ - 2

+ To getrid of them, &, = — 35, e—— 0 = 0y = (

d =0
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Scalar Perturbations in MEEFTol

* |n terms of

!.'I a=

A.[I Al !'l..'l
Ayft + By A ((‘. =+ Dy — + F ,)n 0.
a” (

or casting it in terms of “x = a7 ;
2k2H3 (55 + 364) , ((-’. kS | Dy k1 | Fy 12 u.”) 0

of Uy -+ 1wy,
Arat A a? A a

Uy,
A aA |

A, OMZH + AM;3 — 9H? M3 — 3H?M3 + 2H*Fy(k,T)

Fo(k Do o A0y = Tt 55
||( Uy T) 2(;; | 1 09 2”2‘[!2(( 3 - 3¢ |}
(-'| ()‘;g { (S_|

94 9 D) 9 9 . 3 5
Fy = —2M2H — 3H2M2 — M2H? + 3H* ( 63 + =64
! 2 ) 2
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Scalar Perturbations in MEEFTol

) ]f1[ -;
“ — y aAr2r e 2472  arr2 a2 irg , Yg
cs(T) G1 + Gor2k2 G, = -2MyH +4M; — 9H My — 3H* M3 + 9H"(d3 + ia_,)
Go = —H4(83 + 364)
A.
kT & 00 el g — 0
all
M A4 16 2MHG when » 0
2 . )i 2 [ ¢l (8] 7T 9 » Cs —
ﬁim, — 2 ((),‘?T() 71') =rl—-::>' L i (| r":) A\ =
Such a theory becomes strongly coupled in the UV!
* In order to avoid this problem we consider the case where 03 304

« From now on whenever | refer to MEEFTol, | mean that such a condition is imposed.
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Scalar Perturbations in MEEFTol

* Interms of @ = k7 i
2 ‘1
duy, I Dox?  Chz! 2 “ = G
: T L .(' |- e : al e - = Juk = 0
o f " R Cy = (83 + 04)H* = —26, H*
2 24 9 2 2 2 2 ) 9
Dy = D1 H? - ( 2M2H - 3H*Mj3 — M3 H? 4 H“")') H*
+ To avoid superluminality 0<% <1 A. Adams, N. Arkani-Hamed, et al. (2006)

& <0 is possible but | do not focus on it here!

There could be higher-point interactions in the theory, perturbation can have cs

AM3 — 6H*M3 — 2H* M3 — 9H6, =0

. 2
* Introducing 2’ = cqa d*uy, . ' p)
g : cs® 3 + | F H‘[].l'u f Ff'J’”.I‘” . = | Up = 0
dax'= '«
Do D, G Cy G2 B.D H*
: - "., .-‘"f < oo ]’. ) "‘"IJ-' .
v ("lf":.- 2 0 ("I('f:.' "'"i; S YSL'q Ys P

« Substantial values of cvgand 3, can be obtained even with ¢s 1
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Scalar Perturbations in MEEFTol

® o, 5o >0 == D,/G, >0 and C2/G; >0
2(!'” = | ‘
Dy ~—— 04" eomlim— sgn(Dyd,) < 0
20 .H

For example if 64 > 0, Oy = =20, H? < 0 ==l G, < ( == [); < ()

2 5 04 2
M3 + H? < < |Mj)?
’)‘IIL" ;t‘
0.46
0,44
42 Gip = ]
7 Xy = 0.01 v 0
0,40 e
0 b \\
~ 0 \\\
v 1 0.36 - \\"‘\..k_‘
To— ] T
1.0 "c:flj,” Z'.L)/j)“

0.5 1.0

As @ and 3 increases, power spectrum gets suppressed!
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Scalar Perturbations in MEEFTol

® opg<0and fy >0 — Dy/Gy <0 and /Gy >0

2y

Dy ) |r§'|ll'-={_‘:.-—- sgn(Dq04) < 0

I g
For example if 64 > 0, Cy = —26, H* < ( == G| <0 === D, >0

2 9 92 ?
\Ms|? < M2 + H2=2
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Scalar Perturbations in MEEFTol

® opg<0and fy >0 — Dy/Gy <0 and /Gy >0

2y

Dy ) |r§'|ll'-={_‘:.-—- sgn(Dq04) < 0

0 g

For example if 64 > 0, Cy = —26, H* < ( == G| <0 === D, >0

‘2 b 9 f?
|M3|* < M35 + H* _I
(1”2 (}'!
® % < fBy < % Modes become tachyonic for a while inside the Hubble radius!
e} !
-~ }’.ﬁ'
]
1000 70 \
%
800 op = (]()l 6.5 \\ oy = l
[§1018] 80 \\\\\\
400 ~-\‘-
0,000021 0.000022 0,000023 0.000024 0.000025 0.21 0.22 )93 0.24 0.25
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Scalar Perturbations in MEEFTol

® Oy < 0 and /')’() >0
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® opg<0and fy >0 — Dy/Gy <0 and /Gy >0

2y

Dy ) |r§'|ll'-={_‘:.-—- sgn(Dq04) < 0

I g
For example if 64 > 0, Cy = —26, H* < ( == G| <0 === D, >0

2 9 92 ?
\Ms|? < M2 + H2=2
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Scalar Perturbations in MEEFTol
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Modes never become tachyonic until the last turning point.
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Tensor/Scalar Ratio in MEEFTol

e |
r = l()( e — = hp = — g ;
CT VS cg 8

 For 0 <cgs <1, reduction of ¢s can lower T indefinitely.
» For subluminal branch for tensor perturbations, 7" can at most be enhanced by \fg

* NL evolution of the mode inside the horizon during inflation can change? too:

duw? (k)

(LR

- If w*(k) >0and >0 == g S 1

dw? (k)

- If w?(k) < O andlor =

< () el yg > 1
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Non-Gaussianity in MEEFTol: Why do | expect it to be small?

« Correspondence between the Dispersion Relation and Excited States:

5 evolution inside the horizon Ak _ikr B ikt g 0
UK e Tk ? ; & + —‘ (& /,t‘- #
w (k) Vv 2k v 2k

 Realization of Super-Excited States with |3k > 1
Ashoorioon, Casadio, Geshnizjani, Kim (2017)

Such super-excited states create two type of NG

« Flattened configurations,  k; + ko ~ k3 < “2_, X Chen, et.al (2005)
E;; Ashoorioon, Shiu (2010
For cs ~ lthis enhancement is lost after projection on the 2D CMB surface!
: ‘].l\}.'ll;t. -obs, X € Holman & Tolley (2007)

. i ti ki ~ k k: ;
Local configuration, ki 2 > K3 7 Agullo & Parker (2010)

local l':-'i 5
~ l._ 5 O(/l — 5) Ashoorioon et al (2013)
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Conclusion and Outlook and Outlook for Future Works

Effective Field Theory of Inflation unifies all inflationary models.

The emphasis is on the inflaton perturbations rather than the inflaton model.

« inf. pert. transform non-lin. under the time dif.

* they can be eaten by the metric in unitary gauge which now has 3 d.o.f

Theory of the Goldstone mode can be constructed out of the quantities that
respect the space. diff.

In the original EFTol, up to massive operators in the unitary gauge was considered.

We supplemented the theory with marginal operators (MEEFTol).

We showed that there is a sector in the theory which is physically viable.
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Conclusion and Outlook and Outlook for Future Works

* The dispersion relation is sixth order in the UV, evolving to the Lorentzian dispersion
in IR.

* The quartic and sextic correction, not necessarily small!
* For the part of param. space that w?(k) > 0 s 75 = |

» For such dispersion relations, the tensor-to-scalar ratio is suppressed.

« Enhancement of local and flattened non-gaussianity type in such models.

+ Despite having higher dimensional operators, still ¢ = 1 can be achieved!

-
+ Computing the bispectrum explicitlyJ
.

(_
« How about higher order corrections k*", n > 4 to the dispersion relation?]
-
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