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OVERVIEW MOTIVATIONS

Inflation seemsto be the highest energy observable natural urocess The Hubble

scale H during inflation could be ashigh as 10 4 Ge V This is much larger
than any energy we can achieve with particleaccelerators in the foreseeable future

Arkani Harned Malaacena 2015

We can ask what are the signatures of new nurticlesduringinflation

A uifference with thecollider case

is that we are not in flat mace

we are in de Sittersauce

Lessons so far fromstudies of Effective FieldTheory of Inflation largeamount

ofliterature whenomenologically interesting cases involve breaking if we sitter

isometries boosts in nurticular



Here I will not focus on new narliclesduring inflation but ur the consequences

of the differentways we can break these symmetries

I Sucutaneous Symmetry Breaking Goldstone moves are unsent They can be

many so a complete analysis of all interactions and resulting non Guus

siamilies is canvlicateu Focus on graviton self interactions

Recent developments in a cosmological Bootstrap mograin

a set of rules to certain correlation functions w o referring to a Lagrangian

e.g Arhani Harned Baumann Lee Pimentel 2019

a recently extended to 4BootlessBootstran Paju 20201 only the

symmetry breaking haltern of single clockinflation has been studied

working at the level of the Lagrangian can help and guide the development
ofthe bootstraprules

1 Of course if mimuctial GWs are detected having classified all

the observational signatures would be useful



ZOOLOGY OF CONDENSED MATTER

Nicolis Perico Piazza RaHazzi 2015

We want to look at different SB patterns We can build intuition from

working on sub horizon scales with Poincare group

Nicole's Perico Piazza RaHazzi 2015 classify all symmetry breaking

natterus associated with a static homogeneous and isotropic medium
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Unbroken generators to Po t G Fi Pi t Qi Ji Ji Ii

differentcases aevending on whether generators of internal symmetries G

Gi Qi are martero

Focus on the case where G Gi Qi commute with snacetime symmetries
clberwise we have agalileids which are cliffcult tocouple to gravity
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SYSTEM GENERATORS ORDER PARA METER
GOLDSTONEMODES
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Goldstones rapidity El x
and Eulerangles x of
ofbrokenLorentzboosts and
rotationsactingonthe vacuum

Finally type I superfluids superfluid t

type I framia plays role of shin in NR limit

CCUPL I N G TO GRAVITY

C C W 2
Either gauge Poincare grain within Callan Coleman Wess Zunino

construction see e g Delacreitat Endlich Marin Perico Riva 2014 CR



realize that we either have a ureferred cardinal system superfluids and

solids or a referralframe Cfrainius

Intuition bolstered by exulicit constructions of
Delacreitat Eucllich Marin Perico Riva 2014 t Bordin heurinelli

Khmelnitsky Serratore 2018 superfluids
Delacritat Nanni Senatore 2015 tyre I framids

We can eat the additional degreesof freedom from breaking of differ
murbisms and local Lorentz transformations with the metric unitarygauge

GRAVITON INTERACTIONS

Enough toconsider us2 dt2 a 8 ijuxiuxj.us jii 0 diyij

Let's see how we can just focus on solid Inflation first then we will
leak at a few interactions

I EFT1 n at lowestcruer in fluctuations j must enter w derivatives

thesecan beeither jij thedirt a derde zijncurvatureof Ee
Ee

ont TITEr



y tyre I framia we still cannot have y w o uerivatives sinceaee
lowest auer cueratorsgivea cosmologicalconstant
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type I allows to write jig as before

EMI allowsto write day Is essentially via

gopEEe TheF n HIS
viaemo we can alsoconstruct all the operators of
the EFTI

of SolidInflation n we can have zij appearing w o derivatives lucreen
it appearsalready in the leadingaction
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Furthertimederivativescan be takenvia Cutler l

Spatial derivatives similar to tyre I framia

only becareful about I d x I symmetry

takethequantity HKIJ gutgvJThx
Trcg 512

JKJI n TIJK HJIK

we can contract indices of Sky I U j IJ either
with SIJ or with jig itself using gIJ

guy
SI

PHENOMENOLOGY

Essentiallywe can write whatever we want I will discuss somewarticularcases

Exuausion in verturbations and derivatives will stop at OC2 in J and Crc3

in perturbations tree level graviton bisnectuuuI

e From FCX Y 21 we get a graviton mass and a cubicinteraction without

derivatives Syy y2ij Mfs E H2 slow roll suppressed

Syfy y j M2p Fy z
F



merely local interactionwhichgives rise to non gaussianity whose site

uevends cu Negolds Endlich Hour Michio Wang 2013

e Newinteractions at OC827 i can change c7 via many operators

cf 1 not tied to large interactions univocally
re

redefining lightcure acesu't
remove theinteractions

I

1 Cubicinteractions Jerederzig dezig c R

Yi's jjh jeni R

1
Leahsoftgraviton consistencyrelation

CONCLUSIONS

ScliaInflationcaptures all wassibee interactions for the graviton

Thefreedom we have could allow to findregionsof narametermace where I

can modify tensor non Gaussianties w o strongly affecting the scalar sectors

This is difficult to do in single clock inflation77 Canonly be
done at OC84 Bordin Laban 2020

Paju 2020 working the level of the Lagrangian can help77
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