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Abstract: We<br>employ the effective field theory approach for multi-field inflation which is a<br>generalization of Weinberg's work. In this
method the first correction terms in<br>addition to standard terms in the Lagrangian have been considered. These terms<br>contain up to the fourth
derivative of the fields including the scalar field<br>and the metric. The results show the possible shapes of the interaction terms<br>resulting
eventually in non-Gaussianity in a general formalism. In addition<br>generaly the speed of sound is different but aimost unity. Since in
this<br>method the adiabatic mode is not discriminated initially so we define the<br>adiabatic as well as entropy modes for a specific two-field
model. It has been<br>shown that the non-Gaussianity of the adiabatic mode and the entropy mode are<br>correlated in shape and amplitude. It is
shown that even for speed close to<br>unity large non-Gaussianities are possible in multi-field case. The amount of<br>the non-Gaussianity
depends on the curvature of the classical path in the<br>phase-space in the Hubble unit such that it is large for the large curvature.<br>In addition it
is emphasized that the time derivative of adiabatic and entropy<br>perturbations do not transform due to the shift symmetry as well as
the<br>original perturbations. Though two specific combinations of them are invariant<br>under such a symmetry and these combinations should
be employed to construct an<br>effective field theory of multi-field inflation.
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an effective theory:

is true for a certain domain of energy.

two cases:

as a part of a true theory for whole energy scales

using EFT to simplify calculations!
in lack of a complete theory for the energy scales of interests
using EFT since there is no other choice!
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the most general form of Lagrangian up to the 4th order
derivatives:

after simplifications:
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the most general form of Lagrangian up to the 4th order
derivatives:
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perturbations:

perturbations in single field model (Weinberg's paper)
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perturbations:

perturbations in single field model (Weinberg's paper)
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perturbations:

perturbations in single field model (Weinberg's paper)
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-- it is up to 4" order of perturbations automatically.
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perturbations:

perturbations in single field model (Weinberg's paper)
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-- it is up to 4" order of perturbations automatically.

-- speed of sound # 1
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perturbations:

perturbations in single field model (Weinberg's paper)
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-- it is up to 4" order of perturbations automatically.
-- speed of sound # 1

-- large non-Gaussianity?

-- speed of sound is constrained by validity of EFT!
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two-field case:

the most general form of the Lagrangian:
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two-field case;:

the most general form of the Lagrangian:
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perturbations:

multi-field case:
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perturbations:

two-field case:

the most general form of the Lagrangian:

, | A2 A - ) )
L = ”-{{ - ‘)1 (’}“ T"(’)“ o= = U‘,\,'H‘\ — \[!',f' (@ x) + g1, \)(r')“ r"(')“ rN) b g2(e.\ ](r')j,\,','h\)

g3(¥. X ](()ﬂ o r*) ((),, r‘r’)“ \ ) = g4l \ )(r')“ vy ) (“p \c’)“ r‘)

Fogs(@. \ ](Uﬂ 2l r‘) (O \ ) \) + g6l \ ](r')“ SOy ) (r'),, 20"\ )}

Pirsa: 13070091 Page 21/38



perturbations:

two-field case:

the most general form of the Lagrangian:
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perturbations:

two-field case:
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second order perturbations!
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perturbations: adiabatic & entropy modes

adiabatic mode: entropy mode:

(S S = JN . (5

T = (cosO.sinb) = (p/6.x /). N = (sinf. — cosf)

Perturbation

»

Background trajectory

Gordon et al. arXiv:astro-ph/0009131
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as an example:
second order perturbation terms (containing time derivatives) due to correction term:
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shape of non-Gaussianity

due to previous slide: for example:

—

(71_:.(5)3 = 003 — 300028 + 30250052 — 63553

equilateral NG local NG
in adiabatic mode ' in entropy mode

--- in this formalism

the “Cosine” between different kinds of NG is fixed!
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amplitude of NG
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amplitude of NG
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amplitude of NG

£O [H3 H2.HE?. 6% . o {H.H?0.HY*, 6%} (.ft.u.) )
] - ¥ A '- X y X - ‘ ] '. )< n Xg
L2 {H2.Hb.6%} . H x {H? Hb.6%}

- M2

0

S\ ar

Pirsa: 13070091 Page 29/38



amplitude of NG
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”é G2 < 1 constrains the

-- validity condition of EFT i.e.
amplitude of NG!

-- except if the curvature of classical (background) path be large!

-- or: if by a mechanism (e.g. Vainshtein) one can modify the
validity condition of EFT!
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-- Senatore & Zaldarriaga model is based on Cheung et al.’s work!

-- in Cheung’s work, EFT is constructed on perturbations’ level!

-- since their model is single field, the perturbation is
associated to adiabatic mode!

-- 80 in Senatore & Z., the entropy modes are added into a base
with already known adiabatic mode!
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compare with Senatore & Zaldarriaga

GR + a scalar field

(FEE))

< <
. 5
: iz
S 5

perturbation

Cheung et al. and Senatore & Z.:

Weinberg and this talk:
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so in Senatore & Zaldarriaga, the shift symmetry results i
Lagrangian similar to
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dp — 0p + ¢ and oy

..e. there are just derivatives of adiabatic and entropy
perturbations!
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shift symmetry: o — 0 + ¢ and oy = Oy + ¢

due to

0T = /(; 0s = \(;
5= (0p,0Y), T = (cosf.sinh) = (p/6.Y/5). N = (sinf, — cos )

results in
do — 00 + (¢ cost + cosinf)

08 — 08 + (¢ sinf — ¢o cosf)

which causes a new symmetry for adiabatic and entropy modes:

S0 — 08s — 5o — 0

S + 050 — 5 + 050
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shift symmetry: o — 0 + ¢ and oy = Oy + o
due to
0T = [,; 08 = \(;

5= (5p.0Y). T = (cosf.sinf) = (p/6.v/5) . N = (sinf, — cosf)

results in
do — 00 + (¢ cost + cosinf)

08 — 08 + (¢ sinf — ¢o cosf)

which causes a new symmetry for adiabatic and entropy modes:

— —

S50 — 08s — 5o — 00 T 5

0s + 000 — 0s + 000 j\_f(;
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-- this model does not predict a large non-Gaussianity except:

-- for a highly curved classical path in phase-space!

-- or if a shielding mechanism allows large first correction
term in EFT.

Pirsa: 13070091 Page 36/38



Pirsa: 13070091

-- this model does not predict a large non-Gaussianity except:
-- for a highly curved classical path in phase-space!

-- or if a shielding mechanism allows large first correction
term in EFT.

-- different shapes of non-Gaussianity are correlated!

-- in contrast to Senatore & Zaldarriaga, we suggest EFT for multi-
filed inflation should be constructed as

e no . <) nN
.\'2.(5) (N\' .0’)
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where small latin indexes run from 1 to 3. It is useful to join together this Lagrangian and
the one from single field (5), and to split it into a quadratic and a cubic term. We obtain:

5@ — (10)
/ d'r/=g [(21\1; - M3 H)# + Mg,H(a;?z + M w6y + (14 éDyaro, + % + ] ,
and
S® = / d*z\/=g [—2Mg fr(‘r’;)z + (2n-1,;} - %M;,‘) 7+ (11)
—(M? + AM2) 726, — N (0(’;)2&, - 211]';”1%0‘“—‘3‘0‘
2(eg — €3+ €4)' 76,64 - 2«{%% - 255%&,
+ (a1 - n”:;*)““ G1636% = M2 K a,% +

In both equations, ... represent higher derivative terms or terms that break the shift symme-
try. Let us analyze the quadratic and the cubic Lagrangian separately.

e Quadratic Lagrangian

In the 7 Lagrangian the term in (8¢°)? induces a speed of sounds different from one for the 7
Goldstone boson. Because the Lorentz symmetry is spontaneously broken, a speed of sound
equal to one is not protected by any symmetry [1]. The same is true for the o, fields. In

addition to the standard Lorentz invariant kinetic term for the ;s the operator proportional

-~
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