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Standard Models

Particle physics Cosmology



UV ingredients

Supersymmetry Inflation

Remarkably, in both these extensions one encounters scalar
fields and their potential energy. Are these compatible?



Inflation

Measured (by WMAP, Planck etc):
• Power of scalar perturbations: Ps ' 10−5

• Spectral index ns = 1− 6ε+ 2η ' 0.9603± 0.0073
• Upper bound on power of tensor perturbations: r < O(0.1)
• Upper bound on non-Gaussianities: fNL < O(5)

Consistent with vanilla model:

single-field slow-roll inflation with small field excursion

(in absence of detection of tensor perturbations, non-
Gaussianities, isocurvature perturbations, running of scalar
spectral index, large tensor spectral index, etc)



Supersymmetry



Supergravity

SUSY + inflation = SUGRA! Field content:

• Spin-2: metric
• Spin-3/2: gravitini
• Spin-1: vectors
• Spin-1/2: fermions
• Spin-0: scalars

Theoretical edifice
that naturally includes many scalar
fields, which can give rise to inflation.

Key insight: inflation
always spontaneously breaks SUSY.



Peter Higgs mechanism

Spontaneous breaking of gauge symmetry.

Vector field massive by eating up a scalar: 2 + 1 = 3 dof.

Higgs field is gauge partner of would-be Goldstone boson.
One in the Standard Model.



Super Higgs mechanism

Spontaneous breaking of local supersymmetry.

Gravitino massive by eating up a spin-1/2 field: 2 + 2 = 4 dof.

sGoldstino field is superpartner of would-be Goldstone fermion.
Two in minimal supergravity.



sGoldstino inflation

Use the sGoldstino as a litmus test for the possibility to realise
inflation:

Inflationary implications of SUSY breaking

Necessary but not sufficient condition; slow roll parameters
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Inflationary implications of SUSY breaking

F-term supergravity is always subject to1:
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where
• ηsG is the averaged sum of two scalar masses normalised to

the value of the potential,
• γ = V/3|m3/2|2 is the ratio between the scalar potential and

the gravitino mass,
• R is the sectional curvature related to the scalar plane

identified by the sGoldstino directions,
• ε is the first slow-roll parameter.

1[Covi, Gomez-Reino, Gross, Louis, Palma, Scrucca ’08]
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where
• ηsG is the averaged sum of two scalar masses normalised to

the value of the potential: order one in single field,
• γ = V/3|m3/2|2 is the ratio between the scalar potential and

the gravitino mass: very large,
• R is the sectional curvature related to the plane identified

by the sGoldstino directions: order zero in small field,
• ε is the first slow-roll parameter: order zero in slow-roll.

1[Borghese, DR, Zavala ’12]



Conclusions

Impossible to satisfy all of the following in F-term inflation1:
• ηsG is of order one in single field,
• γ = V/3|m3/2|2 is much larger than one,
• R is of order zero for small field,
• ε is of order zero in slow-roll.

Single field, slow roll ánd small field simultaneously

impossible in F-term supergravity!

1[Borghese, DR, Zavala ’12]


