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Starobinsky model of inflation is favored by observations, and it is worth searching for convincing
origins of the model’s specific action and possible underlying frameworks. In the first half of this
presentation, we propose an explanation of the form of the action using extra dimensions based on
Ref. [1], which has observational implications. In the latter half, we consider a supersymmetric
embedding of the model, and study reheating processes after inflation obtaining constraints on
supersymmetry breaking parameters, based on Ref. [2].
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1. Introduction and Summary

Starobinsky model of inflation [3] is now one of the most popular inflationary models. This
is e.g. because of its simplicity and its consistency with observations. The model is characterized
by a pure gravitational action which has the Einstein-Hilbert term R and the square of Ricci scalar
curvature R2.1 In contrast to many other models in which a scalar inflaton is introduced as a
matter field, the inflaton emerges from an additional degree of freedom in the gravitational sector.
Although it can be reformulated as Einstein gravity plus a scalar field [5], the interactions of the
inflaton with matter fields are determined by its gravitational nature. This simple extension of the
action of General Relativity leads to inflation compatible with the latest observation by Planck,
BICEP2, and Keck-Array [6, 7].

However, the action of the Starobinsky model looks too simple. Gravity is perturbatively
non-renormalizable, so higher powers of curvature invariants are generally expected. These terms
must be suppressed enough for the Starobinsky model to work, while the coefficient of the R2 term
is very large. The coefficient is identified with the ratio (M2

P/12m2) where MP is the reduced Planck
mass and m is the inflaton mass, which is fixed to m ' 3×1013 GeV by the normalization of CMB
fluctuation. This means that the dimensionless coefficient is about 5× 108 (the precise number
depends on the number of e-folding). It is important to study the origin of this huge coefficient and
suppression of higher order terms. This is the subject of Section 2. We propose an interpretation of
the form of the action based on extra dimensions [1]. The huge R2 term is obtained from volume
of extra dimensions, whereas all of the higher order terms are suppressed by one parameter tuning
of order 10−4, which is technically natural in the four dimensional perspective.

It is useful to study not only theoretical aspects as above but also phenomenology during or
after inflation. In comparing observational data with theoretical predictions, we are interested in
distinguishing various inflationary models. There are, however, many models whose predictions
are (almost) the same as those of the Starobinsky model. It is then interesting to consider physics
after inflation for more detailed comparisons of those Starobinsky-like models and for constraints
on the parameter space of each of the models. For example, Starobinsky inflation and Higgs infla-
tion [8] can be distinguished by their reheating temperatures [9]. As one of the steps toward this
goal, in Section 3, we focus on the supersymmetric (SUSY) Starobinsky model in the old-minimal
supergravity [10, 11] based on Ref. [2]. The reheating temperature is similar to the non-SUSY
case although the main decay channel tends to be different. We estimate abundance of gravitino
or lightest SUSY particle (LSP) from inflaton decay, and obtain constraints on masses of gravitino
and the SUSY breaking field. More detailed discussions can be found in Refs. [1, 2].

2. Reinterpretation of Starobinsky model

We explain the large coefficient of the R2 term (or equivalently the small inflaton mass com-
pared to the Planck scale) by a volume factor of extra dimensions. Let us consider the following

1The original version includes other (tensor) quadratic curvature terms, but these are irrelevant and the general form
is described by the scalar curvature in the conformally flat background. In this contribution, we refer the model of the
form R+αR2 with α constant [4] to the Starobinsky model as is common in the literature.
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D-dimensional gravitational action,

S =
∫

dDx
√
−gDΛ

D
∞

∑
n=0

bn

(
RD

Λ2

)n

, (2.1)

which is characterized by a typical energy scale Λ. gD and RD are the D-dimensional determinant
of metric and Ricci scalar, and bn’s are constants generically of order one. We take b2 = 1 by field
redefinition of the metric.

Suppose e.g. D = 10 and that the extra dimensions are compactified to a length of order
L ' 30/Λ. Then, the effective four-dimensional action is S =

∫
d4x

√
−gcΛ4

∑
∞
n=0 bn

(
R/Λ2

)n
,

where the overall dimensionless constant is given by c = Λ6L6 ' 5×108.
After fixing bn (n = 0, 1, 2) so that it reproduces the terms of the Starobinsky model, Λ can be

expressed in terms of MP, m, and b1(< 0). Since all the higher order terms are scaled by powers of
Λ, they are now controlled only by b1,

S = SStarobinsky +
∫

d4x
√
−g

M2
P

12m2

∞

∑
n=3

bn

(
|b1|
6m2

)n−2

Rn. (2.2)

Thus, if we tune one parameter |b1| to be small, all the higher terms are suppressed with order one
bn. From consistency with observations, |b1|. 10−4 is required.

3. Reheating processes of SUSY Starobinsky model

The Starobinsky model is equivalent to the Einstein action plus a real scalar field (inflaton)
with its specific potential. The analogue holds for the SUSY version [10]. We study the standard
supergravity coupled to two chiral superfields T (inflaton) and S (stabilizer) which is equivalent to
the SUSY Starobinsky model. We allow generic dependence of the action on the super-curvature,
but assume the minimal coupling between (super)gravity and matter in the Jordan frame. To discuss
gravitino production, we also consider the SUSY breaking sector. For definiteness, we take the
Polonyi model stabilized strongly by the quartic term in the Kähler potential. The Polonyi field
is denoted by Z. Respecting the philosophy of the original Starobinsky model, we assume the
minimal mediation of SUSY breaking, i.e. anomaly mediation. (For gravitino lighter than about
30 TeV, we assume gravity mediation to avoid too light gauginos.)

The dominant decay mode is somewhat model dependent. If there is a scalar particle whose
mass is slightly smaller than the half of the inflaton mass, the inflaton decays mainly into the
scalar. An example is the right-handed sneutrino. If there is a sizable holomorphic bilinear term in
the Kähler potential for some field (e.g. Higgs fields with the Giudice-Masiero mechanism), the in-
flaton decays mainly into the field. As a less model-dependent channel, there is super-Weyl-Kähler
and sigma-model anomaly-induced decay into gauge bosons or gauginos. We assume this is the
dominant channel. The reheating temperature is found to be TR ' 1×109 GeV, a similar value to
the non-SUSY case.

The abundances of gravitino and the LSP are constrained by the big-bang nucleosynthesis
(BBN) and dark matter abundance. We consider four production mechanisms of gravitino: (i)
direct production, (ii) thermal production, (iii) Polonyi particle decay, and (iv) Polonyi field decay.
The LSP is produced thermally, or non-thermally from gravitino. The constraint is shown in Fig.
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1 of Ref. [2]. The bottom white region is also constrained by the cosmological moduli problem,
so the only the middle white region is allowed. The masses of gravitino and the SUSY breaking
field are constrained as 104 GeV . m3/2 . 105 GeV and 108.5 GeV . mZ . 109.5 GeV, respectively.
Some ways around this are R-parity violation, thermal inflation, or non-minimal coupling between
(super)gravity and matter.
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