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We develop a new class of chaotic inflation models with
spontaneously broken conformal or superconformal invariance.
Observational consequences of a broad class of such models are
stable with respect to strong deformations of the scalar potential.

In this class of models, inflation is possible even in the theories
with very steep potentials because of their exponential flattening
at the boundary of the moduli space. This effect can be described
as inflation of moduli space, which exponentially stretches and
flattens the inflaton potential.

In this sense, slow roll inflation in the landscape is
facilitated by inflation of the landscape.
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De Sitter from spontaneously broken conformal symmetry
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This theory is locally conformal invariant
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The field X (x) is referred to as a conformal compensator, which we will call

‘conformon.' It has negative sign kinetic term, but this is not a problem because
it can be removed from the theory by fixing the gauge symmetry, for example

=6

This gauge fixing can be interpreted as a spontaneous breaking of
conformal invariance due to existence of a classical field Y = \/6

o R(g)
The action in this gauge: [ = /— O\
dS or AdS J 2




SPECIAL RELATIVITY REMINDER Ce
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Q is called rapidity r' = —ctsinh ¢ + z cosh ¢



The simplest conformally invariant two-field model of dS or AdS space and the
SO(1,1) invariant conformal gauge
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Local conformal symmetry
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The global SO(1,1) transformation is a boost between these two fields.

SO(1,1) invariant conformal gauge X — ¢ — 6 Rapidity gauge

This gauge condition represents a hyperbola which can be parameterized by a
canonically normalized field (©
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The action in this gauge,
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Chaotic inflation from conformal theory: T-Model
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Here F is an arbitrary function of the ratio phi/chi. When this function is
present, it breaks the SO(1,1) symmetry of the de Sitter model. Note that this is
the only possibility to keep local conformal symmetry and to deform the

SO(1,1) symmetry!

In rapidity gauge it becomes
1 1
L=+/—g [§R — 55’M<p3“g0 — F(tanh go)]

The attractor behavior near a critical point where SO(1,1) symmetry is restored is
the following: start with generic F(tanh), always get

ns ~ 0.967 r ~ (0.0032



T-Model
F(¢/x) =X (8/x)"" V() = Ay tanh?(o//6)

Looks like letter T 0.6 Function of tanhZ“
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F(¢/x)=X(o/x)""
V() = A, tanh?"(x/V/6)

Functions tanh?"(y/+/6) are symmetric with respect to ¢ — —¢, but to study inflationary regime

T-Model:

in this model at ¢ > 1, it 1s convenient to represent them as follows:
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The slow-roll equation for the field ¢ at ¢ > 1 in terms of the large e-folding number N is

do V! \F_/—Q/g(p
dN—V—4n §€ )

For large N, this leads to a relation
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Therefore for a given IV, one has
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This result, in the leading order in 1/, is valid for any n. The same is true for the slow roll parameter

1, and, consequently, for the parameters ng and r: for the set of T-Models described in this section,

1 —n,=2/N, r = 12/N?| ATTRACTOR

in the leading approximation in 1/N

One could expect that these results may become increasingly unreliable for large n, but in fact the
expansion parameter is 1/N for each model, so the difference of the predictions for 1 —ngs = 2/N and
r = 12/N? in the slow-roll approximation is indeed O(1/N?). We checked this statement by explicitly
comparing models tanh?(¢/4/6) and tanh®°(¢/4/6), and we found, numerically, that in the slow-roll

approximation in both cases ng &~ 0.967 and r ~ 0.0032 for N =~ 60.



T-Model

o

Figure 1: Potentials for the T-Model inflation tanh?"(p/v/6) for n = 1,2,3,4 (blue, red, brown and
green, corresponding to increasingly wider potentials). We took A, = 1 for each of the potential
for convenience of comparison. As we see, these potentials differ from each other quite considerably,
especially at ¢ < 1: at small ¢ they behave as ©?*. Nevertheless all of these models predict the same
values ng = 1—2/N, r = 12/N?, in the leading approximation in 1/N, where N ~ 60 is the number of
e-foldings. The points where each of these potentials cross the red dashed line V=1 —3/2N = 0.96
correspond to the points where the perturbations are produced in these models on scale corresponding
to N = 60.



Any customer can have a car painted any color
that he wants so long as it is black

body, ive wice
h in Fown Gray, Hi

Unless you have inspected and ccent
built, you will be amazed at the many features which
make Ford ownership so desirable.

The Fon FordorSedan withfv wire whecls nd four Ballon 14
T, Pyrorpl fnah i Fawn Geey, Fighand Groen and

et 294 Closed car interiors are roomy with every provision made

for comfort and convenience. Seats are set at the proper

angle for relaxation, deeply cushioned and with plenty

of leg room for both front and rear seat occupants. Up-

holstery and trim have been selected for beauty and dura-

bility, and harmonize with body colors, which may be had
ptional shades of Pyroxylin finish.

Both without and within the
tures in the allsteel bodies d
properly appreciated.

thermore, you are not familiar with
and operating economy unless you have
manufactured within the last few months
ments have been effected including a new
izer, which makes the Ford engine sm

more powerful at all speeds—with grea

oline mileage.

b i 4 Bl
T e
SRS

We urge you to go to the Ford deales
pears on this folder, and let him show
value means today.

SoreL,

DETROIT, MICH.

[ ——
“koge il for opping.

Brown T o.b.Detrot

N

New Colors —Increased Mileage —Better Motor Operation

vAY
-

A

Henry Ford



To our surprise, we found that the Starobinsky model,

Vv which is one of the first inflationary models, with the
04r action R + R?, also belongs to this broad class of models
: with spontaneously broken conformal symmetry. It is

0sl just a bit more complicated than the basic T-Model

Figure 2: Models of conformal inflation based on generalizations of the Starobinsky model, with
2n
F(QS/X) ~ X2‘n—g)(¢+x)2, n — ]-, 2, 3’ 4. T

n=1
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Stretching and flattening of the potential is similar to
stretching of inhomogeneities during inflation

Potential in the original variables
of the conformal theory

Potential in the Einstein frame

Inflation in the landscape is facilitated by inflation of the landscape



Universality of conformal inflation

Distance from the boundary of the moduli space
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Expanding the potential in X:
V(6) = V(VE) (1= ena™) = V(VO) (1= Y en (2v6 e VEE2) )
Take the first term in the expansion:
V($) = V(V6) (1 —2V6 ¢, e VE39)

Solving equations of motion gives ~ 2v/6 ¢;e~V2/3¢(V) — %

Therefore it is indeed OK to ignore higher order corrections:

3 2
Vign) = V(V6) (1 — N O(1/N7))
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SU(2,2|1) invariant superconformal action

We use 3 superfields: a conformon, an inflaton, and a goldstino
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Supergravity implementation
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Thus we have the same inflaton potential as in the class of
conformal models discussed earlier. Other fields are
stabilized at their zero values if C > 1/6.



Stabilization of goldstino field
S during inflation in the
superconformal T-Model




Discussion

Historically, conformally invariant theories were discarded by
inflationary theory model builders, just as massless Yang-Mills
fields were discarded by phenomenologists until invention of the
standard model based on spontaneous symmetry breaking.

It seems now that theories with spontaneously broken conformal
or superconformal invariance may play important role in
inflationary cosmology.

We developed a new class of chaotic inflation models with
spontaneously broken conformal or superconformal invariance.
Observational consequences of a broad class of such models are
stable with respect to strong deformations of the scalar potential.



Discussion

In this class of models, inflation is possible even in the theories
with very steep potentials because of their exponential flattening
at the boundary of the moduli space. This effect can be described
as inflation of moduli space, which exponentially stretches and
flattens the inflaton potential. In this sense, slow roll inflation in
the landscape is facilitated by inflation of the landscape.

We found a broad class of models of that type belonging to a
certain universality class, with the same observational predictions,

1—ns=2/N, r=12/N?

which are favored by the Planck data. Experience with black hole
attractors suggests that this is just a first step in finding other,
more general types of cosmological attractors.



