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Goals

¥ ntroduce a viable model of inflation in a no-scale
supergravity framework.

ne < 0.9649 £ 0.0042 ro.002 < 0.10

" Incorporate an adjustable scale for supersymmetry
breaking.

" Obtain a value of the cosmological constant comparable
to the present value:

V ~ 107120




Motivations for supergravity

" Supergravity unifies
supersymmetry with
general relativity.

" Arises naturally from
local supersymmetry.

" Predicts a
supersymmetric partner
of graviton, which is
known as gravitino.




Inflation

Planck Data gives

We need cosmological

constraints on inflation.

" Accelerated expansion:

N is the number of e-folds
of inflationary expansion \

® Slow-roll inflation.
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Inflation in Supergravity B

® Measurements of the CMB favor V=
the R + R? models — —
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® The nominal choice of N = 55

_ Consistent with all
yields ns = 0.965 and r = 0.0035. *| experimental measurements!

Most importantly, can
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The answer is YES!
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The Recipe L -

" We start with the following K T 4+ T* |¢|2)
Kahler potential: — = —3log (

Combine it with the Wess-
Zumino Superpotential:

W= M (% - )

_ .G | 0G i 0G

where G=K+InW +1InW*
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We obtain the Starobinsky
model in no-scale supergravity!



Missing Components o

Introduce a positive cosmological
constant V ~ 107140

Introduce an adjustable scale for
supersymmetry breaking

We also want:

Unified No-Scale Incorporate modulus fixing
Supergravity Models

But small steps first...

l

Find the de Sitter vacua Extend it to multi-
solutions for a single field field models.



Constructing Minkowski Vacua

" Introduce the Kahler potential: K = —3« In (T +T* 4+ B (T — T*)4)

/ \

® \We assume that <Im T> =0 Arbitrary curvature parameter Quartic stabilization in
the imaginary direction

terms.
¥ Choose the

following ansatz W = )\ T% (a—\/a)

for superpotential:

Gives two Both solutions

possible yield Minkowski V — O

solutions vacuum

W =A\T"

Ellis, Nagaraj,
Nanopoulos, Olive, ‘18

W = AT3(e+Va)



Constructing de Sitter Vacua

® We have found that:

W = \NT"™%  with N4 — % (a \/&) gives V p— O

" But if we combine two different Minkowski
vacua solutions and form a superpotential pair:

W=MT" = AT — |V =12 A1 Ao

We can consider the following cases:

® When 1, and 4, are of the same sign, We obtain a non-

S rEGeNET el VETE: vanishing cosmological
®* When 4, and A, are of the opposite tant!

sign, we recover AdS vacua. constant:

® When either 4, and 4, is zero, we
recover Minkowski vacua.




Multi-Field Models

" We cannot recover Starobinsky-like Need to consider the
—_—

inflation for a single field multi-field models.

" Introduce the following multi-field Kahler potential:
K = —3an (T+T* NS g1 — 1) )

" We once again assume that all our fields are real.

" Define the argument inside the logarithm when the fields are real as:

—or -y N te A positive cosmological
l constant!
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Supersymmetry Breaking

" We expect additional contributions to the vacuum
density from gauge phase transitions

Electroweak contribution
A=12 )\ | ———— ~107%

Include the symmetry
breaking contributions

A~ 10715 Ao ~ 10745
® |f we assume that at the minimum the GUT transition
fields obtain the following VEVs: 1030
_1 N o— ~
T)=1 () =0 Py
® The SUSY breaking through F-terms is given by: )\1 ~ )\2 ~ 10_15
2
ZN 1 ‘FZ ’2 — F2 = (A1+A2) Both constants are of the same order!
1= o




Unified No-Scale Models

® \We can now consider a unified no-scale model. We include stabilization
terms in both real and

" The full Kahler potential is given by: imaginary directions.

K:_?}IH(T+T*—'¢Z FB(T =T +7(T+T" - 1))
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We set a curvature

parameterto a =1
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® The full superpotential is given by: { $

W =Wis + Winy

f

At the minimum gives m3/2 = A1 — Ay ~TeV
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Scalar Potential

Mixing
" We acquire the following scalar potential form:

o

term, which

does not affect the
inflationary dynamics
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Conclusion

®"We have successfully introduced a unified no-scale model

that incorporates:

" Inflation

" Modulus fixing

" Supersymmetry breaking

" Positive Cosmological Constant

" In this simple model we set a curvature parameter a = 1
but the unified no-scale models can be extended to a # 1:

— \ 2
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" Models can be extended to include matter fields by
introducing a Standard Model-like superpotential.



