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Large non-Gaussianities

Maldacena, JHEP,2003

e Standard slow-roll infl.: very Gaussian Acquaviva et al, Nunl.Phys. B,2003
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e DBI inflation A~
Alishahiha, Silverstein and Tong, 19
Phys.Rev.D70:123505,2004 r— ot /1 -2\ Speed limit in AdS N AdS
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e Large non-Gaussianities B 7
fxr, ~ 107 Currently Detectable!

e Shape of non-Gaussianities
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 What are the generic signatures?

Friday, May 13, 2011



The Eftective Field Theory of Inflation

with C. Cheung, P. Creminelli, L. Fitzpatrick, J. Kaplan
JHEP 0803:014,2008
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The Eftective Field Theory

Inflation: Quasi dS phase with a broken time-translation.

Inflation: theory of the Goldstone. 7© — 7 — 0t
S, = [ dto V=g [MAHG? - 0m)) + My (# + 7 = #0m)) = Mz + ..

* Analogous of the (more important!) Chiral Lagrangian for the Pions S.Weinberg PRL17,1966 T ~ 0@

e All single field models are unified (Ghost Inflation, DBI inflation, ...); prove theorems:
e Theorem: In single clock models, only Inflation can produce more than 10 e-foldings of scale

with Baumann and Zaldarriaga
1101:3320 [hep-th]

invariant fluct.
* What 1s forced by symmetries and large signatures are explicit:

. 2
* The spatial kinetic term: pathologies for: /H > () add 0E* = ((97,2 ™ ) = w<—1

with Creminelli, Luty and Nicolis,

JHEP 0612
e Connection betfveen c¢s and Non-Gaussianities: -2 Cg ( %) 7T)2 :
NG: fare ~
e Large interactions are allowed é Large non-Gaussianities! 9 - 3
(V) T
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with Smith and Zaldarriaga,

Large non-Gaussianites  jcupronossot

attenad: A1 (8707 +a (4,7)
- ; o a2
Equilateral : 7 (&) . 10

A function of two variables: we are measuring the interactions!
(and the coefficient of the Lagrangian!)
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[et’s look at the data

-200pK
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~ ~No detection ~ With Smith and Zaldarriaga,

JCAP0909:006,2009
JCAP1001:028,2010

Optimal analysis of WMAP data (foreground template corrections) are ~ compatible with Gaussianity

Optimal limits on NG

_ 10 < fNLlocal < 74 at 95 % C L . Komatsu et al. WMAP 7yr

- local after combining with LSS
(-3 <ty o< 59 at95% C.L.) Slosar et al. JCAP 0808:031, 2008

214 < fgeuil < 266 at 95% C.L.

Komatsu et al. WMAP 7yr

410 < f oo < 6 at 95% C.L.

N L Local
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(Optimal) Limits on the parameters of the Lagrangian

S, = / d*z \/—¢ [MP%IH(#? — (Oim)?) + My (72 + 7° — 7(0ym)?) — My + .. ]

* Limits on fn7, ’s get translated into limits on the parameters

e For models not-very-close to de Sitter (like DBI): Cs

C3

b

X Non-interacting model (c; = 1,& = 0)

- - DBI inflation (¢3 = 3(1 — ¢?)/2)

requil
""" (fyr ) =0
B WMAP lo region
B WMAP 20 region

WMAP 30 region
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* Limit on the speed of sound: ., > 0.011 !

With Smith and Zaldarriaga,
JCAP1001:028,2010

Very similar in spirit to
Peskin and Takeuchi
PRD46:381,1992
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(Optimal) Limits on the parameters of the Lagrangian

« Close to de Sitter. ~ dj 0" 0K,

e Dispertion relation: w?® = c2k” cg = dlM <1
Cs
102 | | 10! | |
...... ( A;gilﬂ> —0 With Smith and Zaldarriaga,
B WMAP lo region JCAP1001:028,2010
40000 F B WMAP 20 region i
WMAP 30 region Very similar in spirit to
20000 Peskin and Takeuchi
PRD46:381,1992
C
3 ol
(do + d3)4
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(Optimal) Limits on the parameters of the Lagrangian

e Close to de Sitter.  do 0K ; i 1A

e Dispertion relation: w? = (dy + d3)W

10 T With Smith and Zaldarriaga,
""" (yp ) =0 JCAP1001:028,2010
B WMAP 20 region
WMAP 30 region Very similar in spirit to
5T Peskin and Takeuchi
PRD46:381,1992
dy 1
(dz + d3)1/ 2 S
_5 =
1072 1071 10° 10! 102

(d2 + d3)
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(Optimal) Limits on the parameters of the Lagrangian

e Close to de Sitter.

H
e Negative Cg dueto dy <0 cg = dlM < 1
e Ruled out at 95% CL.
103E

10% ¢

(1—6lcs|?)dy 10]

10°

10~1

1073

Region disallowed by constraints (K = 2)
B Region disallowed by constraints (K = 1)
B Region consistent with WMAP 0" (95% CL)

1072 1071

With Smith and Zaldarriaga,
JCAP1001:028,2010

Very similar in spirit to
Peskin and Takeuchi
PRD46:381,1992

Friday, May 13, 2011



(Optimal) Limits on the parameters of the Lagrangian

e Close to de Sitter.

2 ) .
* Negative C; dueto H >0 HME)I(@- )2
e Ruled out at 95% CL.

With Smith and Zaldarriaga,
4000 JCAP1001:028,2010
Very similar in spirit to
Peskin and Takeuchi
PRD46:381,1992
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(Optimal) Limits on the parameters of the Lagrangian

SW _ /d4sc /__g [M}2>1H<7T2 . (827)2) 4+ M;L (7-7_2 + 7'1-3 — 7'((8271')2) _ M§l7r3 + ]

e Thanks to the EFT: A qualitatively new (and superior) way to use the cosmological data
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With Smith and Zaldarriaga,
JCAP1001:028,2010

Very similar in spirit to
Peskin and Takeuchi
PRD46:381,1992
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This was about 3-point function.
What about 4-point function?

with M. Zaldarriaga
JCAP 2011 [hep-th]
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: . with M. Zaldarriaga
Another New Signature: AP

A large 4-point function without a larger 3-point function

e Large 4-point: Symmetries forces to have a leading 3-point function but for one case:

7']_4

e Protected by a approximate symmetry —> 7T — —7T

 Huge amount of information: function of 5 variables

e Looking it in the data

with Smith and Zaldarriaga in progress
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Effective Field Theory of
Multifield Inflation

with M. Zaldarriaga
1009.2093 hep-th

Friday, May 13, 2011



The Effective Field Theory tor Multifield Inflation Y;B@foéafj‘;ﬁ‘fa

In the same Unitary Gauge,

consider another massless scalar field O

[Classification: /\/

approximate shift symmetry:
- Abelian
- Non-Abelian

- Supersymmetry]

The add conversion into curvature perturbations
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The Effective Field Theory tor Multifield Inflation ;”;},*;h;(,;afj;;;ga

In the same Unitary Gauge,

consider another massless scalar field O

[Classification: /\/

approximate shift symmetry:

- NOIT-Abelian

- Supersymmetry]

The add conversion into curvature perturbations
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. . with M. Zaldarriaga
Reintroducing the Goldstone 1009.2093 hep-th

* Quadratic Lagrangian

q(2) — d4:1:\/? INA — M2 E )2 2 ‘(aﬂ)Q T2 B L2 N (aiU)Q
= g | (2M, o )7 + Mp H > + 2M7 7okt (—e1 + e3) 0%+ " + ...

e Cubic Lagrangian ...

e Quartic Lagrangian ....
* Notice:
- Small 7™ speed of sound: Large coupling M7 —  M*'%(0;7)?
- Small o speed of sound: Large coupling(—e; + e3) 6° — ey (0;10;0)0

- Time-kinetic mixing O -7T .
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. . with M. Zaldarriaga
Reintroducing the Goldstone 1009.2093 hep-th

* Quadratic Lagrangian

. . (O;m)? 0;0)*
S = /d4:1;\/—g (2My — M3 H)i* + M}%IH( az) (—61 +e3) 6% + e ( ag) + ...

e Cubic Lagrangian ...

e Quartic Lagrangian ....
* Notice:
- Small 7™ speed of sound: Large coupling M7 —  M*'%(0;7)?
- Small o speed of sound: Large coupling(—e; + e3) 6° — ey (0;10;0)0

- Time-kinetic mixing O -7T .
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New Signatures: new 3-point and 4-point functions

with M. Zaldarriaga

. . . 1009.2093 hep-th
e In multifield inflation: P

-Impose symm. g — —¢

. . . . 3
-Approximate Lorentz invariance — kill O terms

e Large 4-point function 5% , ('72(87;(7)2 7 (6’2-(7)4 , 02(80)2 ol

e and 1t 1s a function of 5 variables!

* Analysis in progress
with Smith and Zaldarriaga in progress
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On the non-Abelian case
2 ((90')2

* Not exactly a shift symmetry:

e Building Blocks:

Doy = 0u04

* Good Transformation Properties:

e Lagrangian:

1
5 Ca.bc Op d e

;. tj] = 101t

_tz', xa] — Z'Cmtﬂ?b

1
P CceCea.
5 (CaacC

La, iEb] — ZCja,bz'tz' + ZC;’abcxc

Ccdi Cbz'.a) oo cap. Od

D, = Dg,x,

D!, = h(o(z),9)) Dyh(o(z), )"

with M. Zaldarriaga
1009.2093 hep-th

O(c%,0)

Sy = / d'z/—g  Tr[F2D,D" + FiD°D° 4 2F20,xD"D° — 2F37D° + F3(9,7)>D°

—2F}#D,D" — 2F;#D"D"+ F,D,D"D" + F,D'D"D" + .. ]
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. with M. Zaldarriaga
On the non-Abelian case 1009.2093 hep-th

e Usual operators and maybe something else:

*No 5(00)* : Cupeoa(00p)(o,) =0

* Sensitive to only one field (for adiabatic fluctuations):

%S RS ~1 _/aﬁc\/ /
% 0 or(z) = dore | D(h)e; D (h)rjos(x) = 9o, 001

e Easy to suppress the standard opt’s:

o o(0;0)*, only if Trlz,zez,] # 0

* Mixed 1so-adiabatic becomes large:

‘ L-l 0.2 HQ

CC CiSOCiSO = O'2 Oo 2 — -igso T ~ -1230 o~ -1230_

< > ( ) €;. LQ . €, A%r h A%r
<CCCC> — (80’)4 — Ly H?*s> H*

* A remarkable Signature
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. with M. Zaldarriaga
SuperSymmetric case 10092093 hep-th

e Chiral MU]tlpl@t 2. D g, wd ] with shift Symmetry I\’ _ (2 + ET)Z
 In dS, propagator modified at < g

e Because of week coupling, radiative corrections stop at [ ~ A\ F with W = \X?
* no relevant mass is generated

 [eading interaction /\QIm( 0)4 with no Im( 0)3

loc
* Another way to get detectable 7p77, and no f Jl\(f) 7;
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New Signatures: new 3-point and 4-point functions

with M. Zaldarriaga

MultuField 1009.2093 hep-th
Operator Dispersion Type Origin Squeezed L.
w = csk | w o< k?
ot , 6%(0;0)? , (0;0)* X Ad., Tso. Ab., non-Ab.
(0,0)* X Ad., Tso. Ab., non-Ab.
o’ X X Ad., Iso. Ab.g, non-Ab.,, S.* X
oo’ X X Ad., Iso. Ab.T non-Ab.1. X
oc’c?  o%(0;0)? X X™ | Ad.™, Iso. | non-Ab, Ab.T* non-Ab.T*, X
02(0,0)? X Ad.™, Iso. | non-Ab, Ab.T* non-Ab.T* S.* X
o(do)? X [so. non-Ab.*. X
o, 0(0;0)* X Ad., Tso. Ab., non-Ab.
6(0;,0)* ,050(0;0)? X Ad.; Tso. Ab.
o3 X X Ad., Iso. Ab.,, non-Ab.;, S, R X
o2 X X Ad., Iso. Ab.,, non-Ab. X
oo, 0(0;0)? X X Ad., Iso. Ab.T* non-Ab.T* X
0(0,0)* X Ad., Iso. Ab.T* non-Ab.T*. X
Single Field Operator Dispersion Squeezed L.
w = csk | w o< k2
il X You can tell them
(07m)* ,w(0Fm)? | X apart!
7 w(0;m)* X
w(Oim)? , 07w (0ym)? X
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New Signatures: new 3-point and 4-point functions

with M. Zaldarriaga

MultuField 1009.2093 hep-th
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New Signatures: new 3-point and 4-point functions

with M. Zaldarriaga

MultuField 1009.2093 hep-th
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New Signatures: new 3-point and 4-point functions
with M. Zaldarriaga

MultuField 1009.2093 hep-th
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New Signatures: new 3-point and 4-point functions

with M. Zaldarriaga

MultuField 1009.2093 hep-th
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New Signatures: new 3-point and 4-point functions

with M. Zaldarriaga

MultuField 1009.2093 hep-th
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New Signatures: new 3-point and 4-point functions

with M. Zaldarriaga

MultuField 1009.2093 hep-th
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Theory

* Adding Gauge Bosons and Fermions

Bartolo, Fasiello, Matarrese, Riotto 2010, 2010

. . . . . . 4 3 . . ’ . . . .
» Higher derivative interactions in 77 ,ex: (9"m)” Zeminelll, D' Amico, Norena. frincherint

with Behbahani, Mirbabayi
in progress

° RelaXlng the shlft—symmetry of 7 with Dimarsky, Behbahani, Mirbabayi

in progress
* Backreaction from additional Fields on 77 , EFT for thermal and trapped Inflat.

Sint = — / (}4.,‘(’)(_,‘)7‘-(.,»)_ }Vith Nacir, Porto, and Zaldarriaga
in progress
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Conclusions
Inflation: Exploring the beginning of the Universe

 Many observational data, and many more to come
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* Power Spectra: scalar and gravity waves a7 027
* Non-Gaussianities: Richness of information
e Smoking Gun

e Interactions

Fundamental Theory

e Learning about the origin of the Universe and the high energy physics

S, = /d% V=g [MP%IH(#? —(Oim)?) + ME (72 + 7 — 7(0im)2) — M3 + . }

' % Non-interacting model (¢, =1,% =0)
‘\ - - DBl inflation (;

ooooo
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