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• Reheating

• Conclusion

- Inflation
- Supersymmetry and supergravity

- R+R2 inflation in supergravity
- Multifield effects

- Perturbative decay of the modulus/matter inflaton
- Combined CMB + reheating constraints



The FRW Universe

The homogeneous and isotropic Universe is described by the FRW metric
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Modeling its content as an ideal fluid, the Einstein equations and energy-momentum
conservation lead to 
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Why inflation?

• The flatness problem
- The condition is unstable. In the radiation dominated universe,
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- At early times,               ,                       for galactic scales

Why inflation?

• The relics problem
- Magnetic monopoles are created when a GUT group is broken
- They are heavy and stable ⇒ may overclose the universe

• Small scale inhomogeneities
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ΩM ∼ 10
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−→

- There is a plethora of structure on smaller scales (stars, galaxies, clusters,…)
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Scalar field inflation

A scalar field slowly rolling in its potential
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Scalar field inflation

Standard cosmological problems are solved:

o Flatness: |Ω− 1| ∝ e
−2Ht

o Horizon:

o Relics: All previous content is diluted away,                 . Matter and radiation are 
regenerated during reheating

o Inhomogeneities:

ρ ∼ e
−3Ht

Lp(t) = H
−1(eHt

− 1)

⇒ Ntot & 70
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Why inflation?
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ln(1010AS) = 3.094± 0.034,

Planck	2015	results
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R+R2 (Starobinsky) inflation
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Why supersymmetry?

Supersymmetry is the spacetime symmetry that relates bosons and fermions. If it is realized
in nature, it must be broken.

o It is the single extension of Poincare symmetry

{Qα, Q̄α̇} = 2σ
µ

αα̇
Pµ{Qα, Qβ} = {Q̄α̇, Q̄β̇} = 0 ,

Chiral superfields: SM matter (Higgs) +   SUSY partners
Vector superfields: SM gauge bosons +   SUSY partners

Φ ⊃ (φ,ψ, F )

V a
⊃ (Aa

µ
,λa, Da)

Dark matter
candidates
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o Particles are arranged in irreps of the superalgebra (supermultiplets)

Q|Fermioni = |BosoniQ|Bosoni = |Fermioni ,



Why supersymmetry?

o Allows gauge coupling unification

SM

MSSM

o Provides a solution to the hierarchy problem
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Supergravity

When supersymmetry is promoted to a local symmetry, it contains GR (supergravity)

spin-2 graviton +   spin-3/2 gravitinoe
a

µ ψµ

Coupling of supergravity to matter is in general complicated. It is determined by the (real) 
Kähler potential and the (holomorphic) superpotential and gauge kinetic
function

W (Φ)K(Φ, Φ̄)
fab(Φ)

Local supersymmetry is spontaneously broken if m3/2 = heK/2
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No-scale Supergravity

Consider

K = −3 ln
�

T + T̄ − |φ|2/3 + · · ·
�

+ · · ·

SU(N,1) / SU(N) × U(1)

Then,

o The scalar potential is flat, with vanishing cosmological constant

o Supersymmetry is broken with undetermined gravitino mass

o Flatness may be lifted by (mass) parameters in W that break the underlying symmetry

o Small parameters are natural and protected by supersymmetry

o The theory arises as the EFT of compactified string theory

o Inflaton candidates:  volume modulus ,  singlet matter field (right handed s-neutrino)T φ



No-scale Supergravity

Consider
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Starobinsky inflation in (no-scale) supergravity
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Starobinsky inflation in (no-scale) supergravity

• Ellis, Nanopoulos, Olive (2013):
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• Ellis, Nanopoulos, Olive (2013):
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• Ellis, G, Nanopoulos, Olive (2014):
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Adiabatic and isocurvature decomposition:

Background:

χ̈+ 3Hχ̇+
1

2
f−1

h

(χ̇2
− ζ̇2)fχ + 2χ̇ζ̇fζ

i

+ f−1V
,χ = 0

ζ̈ + 3H ζ̇ +
1

2
f−1

h

(ζ̇2 − χ̇2)fζ + 2χ̇ζ̇fχ

i

+ f−1V
,ζ = 0

H2 =
1

3



1

2
f(χ̇2 + ζ̇2) + V

�

σ̇ =

q

f(χ̇2 + ζ̇2)
eσ = (χ̇/σ̇, ζ̇/σ̇)

es = (ζ̇/σ̇,−χ̇/σ̇)
⇒ ⇒

Lkin =
1

2
f(χ, ζ)

⇥

(∂µχ)
2 + (∂µζ)

2
⇤

=
3

4χ2

⇥

(∂µχ)
2 + (∂µζ)

2
⇤

δσ =
f

σ̇
(χδχ+ ζδζ)

δs =
f

σ̇
(χδζ − ζδχ)

Two-field effects



Cσσ = Vσσ −

✓

Vs

σ̇

◆2

+
2σ̇

H
Vσ + 3σ̇2

−

σ̇4

2H2
−

fχχ̇+ fζ ζ̇

2f σ̇
Vσ −

fζ χ̇− fχζ̇

2f σ̇
Vs

Cσs = 6H
Vs

σ̇
+ 2

VsVσ

σ̇2
+ 2Vσs +

σ̇Vs

H
−

fχχ̇+ fζ ζ̇

f σ̇
Vs +

fζ χ̇− fχζ̇

f σ̇
Vσ

Csσ = −6H
Vs

σ̇
− 2

VσVs

σ̇2
+

σ̇Vs

H

Css = Vss −

✓

Vs

σ̇

◆2

+
fχχ̇+ fζ ζ̇

2f σ̇
Vσ +

fζ χ̇− fχζ̇

2f σ̇
Vs +

σ̇2

2f2

 

f2

χ

f
+

f2

ζ

f
− fχχ − fζζ

!

Gauge invariant perturbations:

Q̈σ + 3HQ̇σ + 2
Vs

σ̇

Q̇s +

✓

k2

a2
+ Cσσ

◆

Qσ + CσsQs = 0

Q̈s + 3HQ̇s − 2
Vs

σ̇

Q̇σ +

✓

k2

a2
+ Css

◆

Qs + CsσQσ = 0

Qσ = δσ +
σ̇

H
Ψ

Qs = δs

Two-field effects



Curvature and entropy perturbations, and power spectrum:
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Curvature and entropy perturbations, and power spectrum:
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Two-field effects

The quadratic direction can be recovered via modulus stabilization

K = −3 ln
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Two-field effects

The quadratic direction can be recovered via modulus stabilization
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Kähler potential from string compactifications (S, Uj fixed)

K = −3 ln

0

@T + T̄ −

1

3

X

j

|φj |
2

1

A+
X

a

|ϕa|
2

(T + T̄ )na

Untwisted Twisted

W = Winf(T,φ1) +WM (T,φi,ϕa;µ)

Inflaton decay in no-scale models

inflaton is either     or ⇒ T φ1

Generic superpotential

µ ⇠ m3/2 ⌧ mwith



The supergravity Lagrangian (                         )

Inflaton decay in no-scale models
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Decay of the untwisted matter inflaton (WZ):φ1

Segregated inflation and matter sectors, W1 = W1α = W1αβ = · · · = 0

⇒ Γ(φ1 → matter) = 0

No inflaton – modulus mixing, W1TT = 0

⇒ Γ(φ1 → T T ) = 0

Γ(φ1 → ψ3/2ψ3/2) = 0

⇒ Γ(φ1 → gg) = Γ(φ1 → g̃g̃) = 0

No gauge kinetic function dependence, ∂fαβ/∂φ1 = 0

Inflaton decay in no-scale models



⇒ Γ(φ1 → T T ) = Γ(φ1 → ψ3/2ψ3/2) = m
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Decay of the untwisted matter inflaton (WZ):φ1

Inflaton decay in no-scale models



Coupling to matter (untwisted ),
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Decays to matter,
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Decays to matter,
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BBN
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T→	SM,	3	body

T→	gg,	weakly-coupled

T→	gg,	strongly-coupled

yν ~	10
-5 (gravitino)

yν =	1

CMB + Reheating for Starobinsky



Conclusion

• No-scale supergravity can realize Starobinsky (and quadratic) inflation

• Stabilization not necessary in the presence of twisted matter

• Two-field effects reduce tensor-to-scalar ratio to Planck-compatible values

• Low energy susy phenomenology can be easily integrated (Ellis, G, Nanopoulos, 
Olive, 2015)

• No-scale reheating lies in the favored range, with 

(CMB) (gravitino)10
−16 .

Γ

m

. 10
−12
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