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Introduction and Motivation

Whilst a hallmark of modern scientific accomplishments, the Hot Big
Bang theory has yet many challenges

Why is the universe flat?
Why is the CMB so homogeneous?
Are the initial conditions for the Hot Big Bang fine-tuned?

An elegant, solid, and comprehensive solution to these problems is
inflation, defined as a period of exponentially large expansion

M. Crispim Romão (Uni. Southampton) R-Symmetry No-Scale Inflation NExT VII Workshop 2 / 15



Introduction and Motivation

Whilst a hallmark of modern scientific accomplishments, the Hot Big
Bang theory has yet many challenges

Why is the universe flat?

Why is the CMB so homogeneous?
Are the initial conditions for the Hot Big Bang fine-tuned?

An elegant, solid, and comprehensive solution to these problems is
inflation, defined as a period of exponentially large expansion

M. Crispim Romão (Uni. Southampton) R-Symmetry No-Scale Inflation NExT VII Workshop 2 / 15



Introduction and Motivation

Whilst a hallmark of modern scientific accomplishments, the Hot Big
Bang theory has yet many challenges

Why is the universe flat?
Why is the CMB so homogeneous?

Are the initial conditions for the Hot Big Bang fine-tuned?

An elegant, solid, and comprehensive solution to these problems is
inflation, defined as a period of exponentially large expansion

M. Crispim Romão (Uni. Southampton) R-Symmetry No-Scale Inflation NExT VII Workshop 2 / 15



Introduction and Motivation

Whilst a hallmark of modern scientific accomplishments, the Hot Big
Bang theory has yet many challenges

Why is the universe flat?
Why is the CMB so homogeneous?
Are the initial conditions for the Hot Big Bang fine-tuned?

An elegant, solid, and comprehensive solution to these problems is
inflation, defined as a period of exponentially large expansion

M. Crispim Romão (Uni. Southampton) R-Symmetry No-Scale Inflation NExT VII Workshop 2 / 15



Introduction and Motivation

Whilst a hallmark of modern scientific accomplishments, the Hot Big
Bang theory has yet many challenges

Why is the universe flat?
Why is the CMB so homogeneous?
Are the initial conditions for the Hot Big Bang fine-tuned?

An elegant, solid, and comprehensive solution to these problems is
inflation, defined as a period of exponentially large expansion

M. Crispim Romão (Uni. Southampton) R-Symmetry No-Scale Inflation NExT VII Workshop 2 / 15



An Inflation epoch happens if there is a source of negative pressure

In the Slow-Roll paradigm, the inflationary dynamics is effectively
captured by a field-theoretical description of a scalar field, the
inflaton.
Successful inflation model needs a very flat potential. Define the
Slow-Roll parameters

ε ≡ M2
PL

2

(
V ′

V

)2

η ≡ M2
PL

V ′′

V

From which we can derive two crucial observables

The Tensor-to-Scalar ration

r ' 16ε

The Scalar Tilt
ns ' 1− 6ε+ 2η
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r . 0.15⇒ ε� 1

0.95 . ns . 0.98⇒ |η| � 1

⇒ need flat potential to produce inflationary dynamics
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For the past decades many models have been proposed, with varying
degrees of success

With PLANCK 2015 results we live now in an era of constraining and
ruling out models

A terrific challenge for inflationary models are the Ultra-Violet
corrections. Generic quadratic corrections to the inflaton potential
increase η by O(1): η-problem

⇒ appeal to symmetry and/or derivation from an UV theory

A strong candidate is Supersymmetry (SUSY) which also provides
natural flat directions

Since inflation happens so early in the universe history, one should use
supergravity (SUGRA) local extension of SUSY

Scalar (F-term) potential in SUGRA is sensitive to the Kähler
potential ⇒ SUGRA inflation models tend to suffer from η-problem

No-Scale SUGRA inflation offers an elegant solution to this problem
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In SUGRA, the scalar potential is given by

V = eK/MPl

(
DiW (K−1)ij

∗
Dj∗W

∗ − 3
|W |2

M2
Pl

)

If we take the Kähler potential to take the form

K = −3M2
Pl

(
T + T ∗

MPl
− |Z |2

3MPl2

)
We get a positive semi-definite scalar potential
Ellis, Nanopoulus, and Olive (ENO, 2013): Taking the Wess-Zumino
superpotential

W =
µ̂

2
Z 2 − λ

3
Z 3

And redefine the Z superfield as (c = 2〈<(T )〉)

Z =
√

3cMPl tanh

(
χ

MPl

√
3

)
In the limit λ = µ/3 (with µ̂ = µ

√
c/3) we

V = µ2e−
√

2/3x/MPl sinh2

(
x

MPl

√
6

)
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ENO inflation model resembles Starobinsky (R + R2) inflation

The logarithmic form of the Kähler potential is well motivated by
String Compactifications

The imaginary part, y , can be shown to be stabilised at y = 0 during
and after inflation

The kinetic term is canonically normalised with the above field
parametrisation at y = 0

It fits PLANCK data very well in certain regions of the parameter
space

At the end of inflation V → 0 as x → 0 (defining feature of No-Scale
SUGRA)

There is an active interest in No-Scale inflation models as the shape
of the Kähler potential prevents O(1) corrections to η
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We expanded the class of models to allow for a Polonyi mass term, M,

W = M2Z +
µ

2
Z 2 − λ

3
Z 3

Leading to the potential

V =
1(

c
MPl
− |Z |2

3MPl2

)2

∣∣M2 + µZ − λZ 2
∣∣2

Employing the same reparametrisation Z =
√

3cMPl tanh
(

x+iy

MPl

√
6

)
,

and stabilising y = 0, the inflaton potential is

V = a

∣∣∣∣cosh

(
x

MPl

√
6

)∣∣∣∣4 ∣∣∣∣b + f tanh

(
x

MPl

√
6

)
− tanh2

(
x

MPl

√
6

)∣∣∣∣2
With

a = |3λM2
Pl |2f , b =

M2

3cλMPl
, f =

µ

λ
√

3cMPl
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)
,
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The ENO limit to Starobinsky-like inflation is M → 0, λ = µ/3
(with µ̂ = µ

√
c/3), meaning

b = 0

f = 1
(1)

and inflation happens for x∗ ' 5.35MPl

The Polonyi term b 6= 0 will change the shape of the potential while
retaining a plateau suitable for inflation
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At the end of inflation, the inflaton is stabilised at

x0 =
√

6MPl tanh−1

(
1

2
(1±

√
4b + 1)

)
which means x0 6= 0 for b 6= 0

Furthermore, since the gravitino mass is proportional to W

m2
3/2 =

K j
i FjF

∗i

3M2
Pl

= eK/M2
Pl
|W |2

M4
Pl

the Polonyi term will break SUSY and generate a gravitino mass

m3/2 . 106 GeV⇒ |b| . 10−4
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In order for y = 0 to remain stabilised we must impose

−1 ≤ 1

2
(1±

√
4b + 1) ≤ 1

with 4b + 1 ≥ 0

Successful inflation also requires

N∗ =

∫ xf

x∗

1√
2ε

dx : 50 < N∗ < 60

And we find that agreement with current PLANK results severely
constrains the allowed gravitino mass
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The cosmological predictions are the same as the Wess-Zumino
Starobinsky-like without the Polonyi term for

m3/2 . O(103) GeV
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The overall coefficient of the potential, a can be constrained using
the scalar fluctuation amplitude

As =
1

24π

V

M4
Plε

where 109Aobs
s ' 2.2

In the range where m3/2 . 103 GeV we get

1.27× 10−10 .
a

M4
Pl

. 1.81× 10−10

meaning that the superpotential trilinear coupling λ ' O(10−5)

For this region of the parameter space, |b| . 10−5 and f = 1, the
superpotential parameters are constrained

µ ' 10−5MPl

M . 10−5MPl
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We reviewed the No-Scale SUGRA motivated Starobinsky-like models
with a Wess-Zumino superpotential

We introduced a simple variation allowing a Polonyi mass term

The model proposed not only fits cosmological data but also breaks
SUSY

The gravitino mass is expected to be m3/2 . 103 GeV, meaning that
the LHC should be able to see SUSY partners
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Thank you!
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