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Inflation as a probe of particle physics
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Inflation: highest energy observable natural process.
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A1l light states (m S H) get excited.
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Correlation Functions

Scattering amplitudes




EFT of Inflation

Parametrise the most general
dynamics compatible with

symmetries )///f,__u\\\;‘

O Single clock: #(t) —pP  Time BfTf.s Cheung et al, 07

+ 2 graviton helicities 7j;

t = const

CCWZ approach:
classify fields i1n terms of representations of the unbroken group

Unitary Gauge: perturbations are eaten by the metric.
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Consistency relations
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2nd order 1in a derivative expansion

7 Ope I"atOI"S ' up to cubic order in perturbations

LB, Cabass, Creminelli,Vernizzi 16

Fixed 1n the standard scenario

(CCC) (€7 (vCC) vy
e.g. EFT of Inflation

. Additional light particles

Squeezed configuration of NG correlates very sensible to the presence
of additional degrees of freedom.



Single field consistency relation for 3-pt function
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The long mode 1s already classical when the other freeze and
acts simply as a rescaling of the coordinates

dlog k3(CzC )

lim <CE]’CR’C_E_J>/ = —(CaC-a)"(CxC_z) dlog k

g—0

Violated in multifield:
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fy local as smoking gun for multifield models




Tensor consistency relation for 3pf

Same logic leads to

.
: /] / I /
i (Y3 g)' = —(0 @) ek o5 (G )

But this 1s valid also for multi-field models of inflation

see e.g. LB, Creminelli, Mirbabayi, Norenfa, |16 Violated 1f there are extra tensors



Higher spin fields and the Higuchi Bound

Sticking on a Lorentz invariant formulation we end
up Wlth Very massive par‘tlc-l-es' Lee, Baumann and Pimentel, 16

Massive states decay very quickly outside the horizon

L k)~ S (k) Ay =3/2++/9/4— (m/H)?




Higher spin fields and the Higuchi Bound

Sticking on a Lorentz invariant formulation we end
up Wlth Very massive par‘tlc-l-es° Lee, Baumann and Pimentel, 16

Massive states decay very quickly outside the horizon
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0 V2 3/2
e.g.: spin 2 field @ - o > m/H
forbidden T principal
complementary
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for A <1
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e.g. KK gravitons with a small mass are forbidden!



Use ¢ as source of Lorentz Violation

Couplings with the foliation could make
light spin-s healthy!



Higher-Spins in the EFTI

e.g.: spin 1 field
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Not the correct procedure! Many theories have pathologies



Higher-Spins in the EFTI

e.g.: spin 1 field
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Not the correct procedure! Many theories have pathologies

CCWZ approach

O o< ny,

& ¢ foliates the spacetime - SO0(3) Invariance

. 0
¢ Alﬁ lives on the 3-dim hyper-surfaces

; OxH

_ ¢(t) = const.
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@ Embed in a 4-dim spacetime A*(A, 1) = A
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Spin-2 in the EFTI
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Spin 2 excitation: o*(¢'’/,m) =0 a5
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different propagation velocities ¢,, h=0,1,2
LWe —
parametrically small mass m

Interactions: L D [Mp| p 0Kop a®P + Mpy o 6g°° Ja 0% ) ao‘ﬁaa”a%]

new sector could be /

highly Non-Gaussian
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Scalar Non-Gaussianity
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Scalar Non-Gaussianity
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Tensor Non-Gaussianity
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Tensor Non-Gaussianity
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Spin-s particle exchange
New templates for PNG
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O Non-analytical scaling behaviour.
O Spin dependent angular modulation.

O Amplitude enhanced by speed of propagation c.



CMB forecasts

Signal 1n multipole space LB, Cabass, in progress
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expected error bars LB, Cabass, in progress

Massless Particle Exchange - Bispectrum
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see also Franciolini, Kehagias, Riotto and Shiraishi, |8



expected error bars LB, Cabass, in progress

Massless Particle Exchange - Trispectrum
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Conclusions and future directions

¢ Coupling with the inflaton foliation allows to violate

the Higuchi bound

¢ Light particles with spin can be present while preserving the
approximate shift symmetry of the inflaton

@ New shapes of Non-Gaussianity

o (MB could already put strong constraints on the new shapes

@ Use the LSS to constrain these new shapes primordial NG

o New templates for the galaxy Bispectrum, galaxy bias,..
= Forecasts for the new surveys (Euclid, DESI, ..)

e [ossil effect for spin 2 fields

¢ Gravitational Waves?
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Evade the Higuchi Bound

Does the Higuchi Bound apply for composite operators?

1
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No!

The Higuchi Bound applies only for conformal primaries: O,, ~ 7"

(2A + 1)(8,0;¢ — %5,,-(@@2) — A [ai(¢aj¢)) — %&jﬁk(cb@kcb)]

However one has to face tachyons.



Observational signatures

Non-abiabatic modes <—» @K
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Anisotropies are not redshifted away exponentially fast
during the inflationary epoch.



