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Abstract: The validity of the perturbative analysis during inflation imposes bounds on the inflationary parameters. For single field inflation, the
current experimental bounds on non-Gaussianity necessarily imply that the physics is weakly coupled at CMB scales. In this talk, | will show that
for models with a scale dependent sound speed, the system can become strongly coupled at lower scale. | will also discuss multiple field models
which can produce non-Gaussianity at CMB scales. In these scenarios, the extra scalar fields are strongly coupled in a large part of the parameter
Space.
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Limits from the Perturbative Regime of Inflation and
Non-Gaussianity.
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Non-Perturbative Physics in the CMB?

®CMB experiment tells us that anisotropies are small,
Gaussian and nearly scale invariant.

@®Pointing towards a weakly coupled system.

€Can we have non-Perturbative physics in Inflation?
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Basic |dea and Procedure

®\\e can think of inflation as an effective field theory
fluctuations around a ne L-:

given action, we can expand i

ewhere S is the background action, S vanishes when you
satisfy equation of motion, SQ s the free field part and 53

represents the interactions terms.

So > S5 Gradient Energy Conditions
. S S Perturbatwe Regp,me



Single Field, General Sound Speed - 1
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Basic Idea and Procedure
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satisfy equation of motion, S5 is the free field part and 53

presents the interactions term

swhere Sy is the background action, S vanishes when you

vy

.

So > 95 Gradient Energy Conditions
. S S S e Pertu rb atlve Regxme



Single Field, General Sound Speed - 1

1 : e.g. K-inflation,
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®This action is highly non-linear, there should be extra terms i
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Single Field, General Sound Speed - 2
So ~ V(o) ~ H*M;

y ; ‘ a T e
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®the perturbations are small compared to the background SO e S)
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Single Field, General Sound Speed - 3
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Single Field, General Sound Speed - 2
So~ V(o) ~ Hﬁ*‘“}?

So = J[[;) /dhlBI ((L:BF%CQ — ae(@g)2>

Sa :3[5 /rﬁdgtg((—’— 2s + 1 —(f)g(dg)

i

sy L WL L

®the perturbations are small compared to the background SO = S.-)

®the interaction terms are small S’) »5 3
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Single Field, General Sound Speed - 3

®Under these assumptions e 1/9 H
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Single Field, General Sound Speed - 3
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Single Field, General Sound Speed - 2
So ~ V(o) ~ H*M;
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®the perturbations are small compared to the background SO g S;)

®the interaction terms are small S") > 53
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Single Field, General Sound Speed - 3
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Single Field, General Sound Speed - 3
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Comments on the method
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Scale Dependence and DB
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Comments on the method

¥ | NIS bounds are the minimum reguired, tney become even more restrictive
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Single Field, General Sound Speed - 3
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Comments on the method
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Scale Dependence and DB

®|f the souna speed decreases with scales, the system can
pecome non-perturbative on larger scales
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Comments on Eternal Inflation

@®Eiernal inflation occur when the guantum fluctuations of the inflaton
are of the same order as the classical motion. This translate to order

1 curvature perturbations L -

%1 Pgmlle nelll, Ducovsky. NICSli
Senaicre. Jsldariags

®fFor slow-roll, eternal inflation is possible 1

P < —

@®But for small sound speed €

C 4
ralies w2l

®There is no peoint locally, where one can sternal inflate in the
perturbative regime if the sound speed is small. Tolley, Wymar

Helmer Winitzl
"e&tnal inflation is naively easier (sound speed ewhancemeﬂm Page 209
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Single Field, General Sound Speed - 2
So ~ V(o) ~ Hﬂﬂ[.2

So = M?* /dh’f3 ( 3(%@2 —aﬁ(Og)Q)
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®the perturbations are small compared to the background SO e 5':)

®the interaction terms are small S 5 3
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Comments on Eternal Inflation

@®Eiernal inflation occur when the quantum fluctuations of the inflaton

are of the same order as the classical motion. This translate to order
1 curvature perturbations

g s 1 P(-' ~o 1 Creminell, Buoovsky. Nicoli
Senators. Zsldariaga
®For slow-roll, eternal inflation is possible i
| e < —
@But for small sound speed €

Pe e 1

®There is no point locally, where one can eternal inflate in the
perturbative regime if the sound speed is small.

Tolley, Wymar
Helmer Winitzl
"eEiErnal Inflation is naively easier (sound speed enhancement) ™
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Multi-fields Large N bound
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Multi-fields Large N bound
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A duality between small sound speed and large N7

Susnanina. siversiemn, 1ong

Large N (color)

— SYM theory
?
Minimum sound speed <«—— Maximum number of fields
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Tachyon Mediated Non-Gaussianity

Visible

Natural in hybrid

‘| | Inflation
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Tachyon Mediated Non-Gaussianity

Visible Hidden
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Tachyon Mediated Non-Gaussianity

Visible Hidden
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Tachyon Mediated Non-Gaussianity
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A contribution to L

“transfer function” g = ()\ yih, Malik Se6
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Conclusion

®|t could be possible to see non-perturbative physics in
inflation.

®CMB bound on Non-Gaussianity is telling us that for single
field we need to be in a perturbative regime at CMB scales

@ but it could become strongly interacting on larger scales
(important fact for DBI!)

@®0or we could have strongly interacting physics in a Hidden
sector

®yasidity of the perturbative analysis imposes bounds.  russe
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