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OUTLINE
• Inflation

• Slow roll inflation
• Higgs Inflation
• R2 – Higgs Inflation with Chern-Simons coupling

• Post-inflationary physics
• Preheating
• Baryogenesis

• Conclusion
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Planck Collaboration (ESA)
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SLOW ROLL INFLATION
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Introduce new scalar field

Compute slow roll parameters
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The inflaton has quantum fluctuations constrained by the CMB anisotropies

Scalar spectral index

Tensor to scalar ratio

Amplitude of scalar fluctuations
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SLOW ROLL INFLATION
Observational constraints
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Monomial inflation

= R2 when α = 1



Another realisation : Higgs Inflation
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Bezrukov-Shaposhnikov-Magnin-Sibiryakov (2008-2011) 
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Some issues

• Density perturbations fix

• Unitarity of the model still in 

discussion

• Says nothing about the Higgs 

vacuum instability

⇠ ⇠ 104
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R2 – Higgs Inflation with Chern-Simons coupling and EW sector

JORDAN FRAME

EINSTEIN FRAME

PERFORM WEIL
TRANSFORMATION

Bezrukov-Shaposhnikov-Magnin-Sibiryakov (2008-2011) 
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JORDAN FRAME

EINSTEIN FRAME
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Field space:

Non-vanishing field-space metric elements:
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JORDAN FRAME

EINSTEIN FRAME

PERFORM WEIL
TRANSFORMATION
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Road map

Action in Jordan frame

Action in Einstein frame

Quadratic terms 
in mass basis

Energy-momentum tensor

Equations of motion
(linear order)

Gauge fixing

Vielbein formalism

Fourrier space
Comoving coordinates

Quantization

Solution per mode

Vacuum definition

Energy density

Reheating 
temperature

Background:      Inflaton & Higgs
Perturbations:   Inflaton, Higgs & 3 Goldstones (5 Mukhanov-
            Sasaki variables) + Z, W± & photon

background

Helical basis



Background dynamics
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Inflaton & Higgs perturbations
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Reheating temperature
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Z & W± bosons
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Goldstones & gauge fields fluctuations



Goldstone bosons & photon
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BARYOGENESIS
• No matter vs antimatter patches in the Universe

ØNo γ rays from annihilation

ØUniverse is isotropic and homogeneous

• Relative size of Doppler peaks in CMB are sensitive to

• BBN predicts observed abundance of lightest elements 

for
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ELECTROWEAK BARYOGENESIS
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BARYON ASYMMETRY
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R2 – Higgs Inflation with Chern-Simons coupling and EW sector
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Parameter space

fθW = 0.32

fθW = 5.6 × 10-4
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TO CONCLUDE
• R2-Higgs inflation is one of the best-fit models of Planck data.

• We adoped the doubly-covariant formalism
(with respect to field-space and space-time transformations) 

• We took into account the full electroweak sector

• We include all perturbations at the linear order with all effective mass components
(potential, nontrivial field-space manifold, coupled metric perturbations & expansion of the background 
spacetime)

• Preheating happens in the Goldstone, Z & W± sectors

• With an additionnal dim-6 coupling                           , the model predicts the right amount of baryon 
asymmetry in the present Universe, for 

• Backreaction, decay, scattering & non-linearity must be studied in more details as so far no lattice code 
can simulate non-Abelian gauge fields in a non-minimally coupled inflation model
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COSMOLOGY
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COSMOLOGY
Homogeneity of the Universe in question

AGE OF THE CMB : 13.8 BILLIONS YEARS

no causal contact



SLOW ROLL INFLATION
Solution: At some point in the past, the whole observable Universe (that we see today) 
was in causal contact. It then expands by a factor 1021-26 in 10–36-32 seconds.

=> INFLATION PARADIGM

We need an accelerated expansion (to get a shrinking Hubble horizon)
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If the Universe energy density is dominated by the potential energy of a 
homogeneous scalar field,  the Universe is Λ-dominated (de Sitter).

PROOF:



SLOW ROLL INFLATION

Introduce a new real scalar field (the inflaton) in the theory

Energy-momentum tensor: 
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SLOW ROLL INFLATION
In the slow-roll approximation

and rewrite the Friedmann equation as

Guth (1981), Linde (1982),
Albrecht-Steinhardt (1982)
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The inflaton has quantum fluctuations constrained by the CMB anisotropies

Scalar spectral index

Tensor to scalar ratio

Amplitude of scalar fluctuations
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n s

PLANCK contraint:
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Fluctuations
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Higgs and inflaton fluctuations
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Rescaled variables
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Higgs and inflaton fluctuations

We are left with

<latexit sha1_base64="1I1+WHgicnpYEGmaT9qgNbvp9eo="> P4axt0LOd2w6g==</latexit>

v001k + !2
(�) v1k ' 0

y002k + !2
(h) y2k ' 0

where
<latexit sha1_base64="lf+MmeeY20tlhVNSCTw6ykkMbNw="></latexit>

t(1,�)(⌧, k) = v1k(⌧)

t(2,h)(⌧, k) = y2k(⌧)

the energy densities for the inflaton and Higgs fluctuations per mode read
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Higgs and inflaton fluctuations

Vacuum subtraction
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Goldstones & gauge fields fluctuations

We can redo the same computation starting from the Goldstone 
Mukhanov-Sasaki fluctuations & gauge fields EoMs:
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Cohen-McGady (2008)
Domcke-Mukaida (2018)
Kitamoto-Yamada (2022)

Explosive gauge fields production leads to 
fermion/antifermion pairs creation and their 
currents backreact on the produced gauge fields.

THE SCHWINGER EFFECT
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With the Schwinger effect

E
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ψ

The comoving conductivity in the case of one Dirac fermion f with 
mass mf and charge Qf under a U(1) group with coupling g:
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THE SCHWINGER EFFECT
Numerical study for single field inflation
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Cuissa-Figueroa (2019)

THE SCHWINGER EFFECT
Side effect: no gauge preheating

Gauge preheating happens if
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SCHWINGER EFFECT
Bunch-Davies vacuum

<latexit sha1_base64="vUHqIX9zHzG7nivHWNV8Q3SaYYc="></latexit>

A�(⌧, k) =

r
�(t)

2k
e�ik⌧ (⌧ ! �1)

<latexit sha1_base64="+zJWocCRWJJq8/es4UAsXjyjlhE="></latexit>

�(t) = exp

✓
�
Z t

�1
�̂(t0) dt0

◆
<latexit sha1_base64="3/Pc7Ud4DycWPe5E+eI8CLNB7k8="></latexit>

�̂ = �/a



From helicity to baryon asymmetry

• At EWPT, there is a competition between weak sphaleron washout 
and B asymmetry from decaying helicity (SM chiral anomaly). 

• Helicity must nevertheless survive from inflaton to EW scale.

• Chiral plamsa instability (CPI) must be avoided.

<latexit sha1_base64="cE1xpw/4BNfgjGc4+htTRW6Ujpk="></latexit>

f✓W = � sin(2✓W )
d✓W
d lnT

����
T=135 GeV

<latexit sha1_base64="8zPTQJaGMDKbGhgnuHERumHOLhk="></latexit>

5.6 · 10�4 . f✓W . 0.32

Boyarsky-Frohlich-Ruchayskiy (2012)
Akamatsu-Yamamoto (2013)

Kamada-Long (2016)
 Domcke-Harling-Morgante-Mukaida (2019)

<latexit sha1_base64="rKR30Ycbc6xs/roHQj08T+POyo4="></latexit>

⌘B =
255

592

g2Z
⇡3

p
10g⇤

HY

(Trharh)3
f✓W
MP

T

�W sph

����
T=135 GeV

' 9 · 10�11

<latexit sha1_base64="sv00EoPcuw4aReM6kpasHshIlOA="></latexit>

Rm ⇡ 2↵Y
c�
c⌫

⇢qBY

⇢rh

✓
`qBY

Trh

arh

◆2

> 1

<latexit sha1_base64="+I3J8FSV6u8coSY4LUWdAFuiPZ4="></latexit>

TCPI ⇡
4↵5

Y

⇡4c�
log(↵�1

Y )

✓
2133

481

◆2
H

2
Y

H(tend)T 4
rh

p
a
9
rh a(tend)

. 105 GeV


