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Strong Moduli Stabilization/Pure Gravity Mediation

The sfermion, higgsinos, heavy Higgses 
and  gravitino have masses O(100) TeV.

The gaugino masses are in the range of  
hundreds to thousands of GeV.

The LSP is the neutral wino which is nearly 
degenerate with the charged wino.

The lightest Higgs boson mass is 
consistent with the observed Higgs-like 
boson, i.e. mh ~ 125 - 126 GeV.

Heavy volume modulus (mT ~ MP) with 
heavy Polonyi-like field (mz >> m3/2)

Dudas, Linde, Mambrini, 
Mustafayev, Olive



Strong Moduli Stabilization/Pure Gravity Mediation
Two parameter model!

m0 = m3/2; tan β 

gaugino masses (and A-terms) generated through 
loops
The sfermion, higgsinos, heavy Higgses 
and  gravitino have masses O(100) TeV.

The gaugino masses are in the range of  
hundreds to thousands of GeV.

The LSP is the neutral wino which is nearly 
degenerate with the charged wino.

The lightest Higgs boson mass is 
consistent with the observed Higgs-like 
boson, i.e. mh ~ 125 - 126 GeV.
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No Electroweak Symmetry Breaking

Top Yukawa non-perturbative
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Evans, Ibe, Olive, Yanagida



Inflation
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3 Obtaining the Starobinsky Model from SU(2,1)/SU(2)

⇥ U(1) No-Scale Supergravity

We consider a no-scale supergravity model with two complex fields (T,�) that parametrize

the non-compact SU(2,1)/SU(2) ⇥ U(1) coset space. In this case, the Kähler potential

may be written in the form

K = �3 ln

 

T + T

⇤ � ��

⇤

3

!

, (17)

which has the obvious extension to SU(N,1)/SU(N) ⇥ U(1) models with N�1 fields �

i

[17].

Within this parameterization and the context of string compactification, the field T has the

natural interpretation as a volume modulus, and � as a generic matter field. The Kähler

potential (17) yields the following kinetic terms for the scalar fields T and �:
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For a general superpotential W (T,�), the e↵ective potential becomes

V =
V̂

(T + T

⇤ � |�|2/3)2
(19)

with
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where W

�

= @W/@� and W

T

= @W/@T . In early no-scale models of inflation [19,21] it was

assumed that K was fixed, i.e., that the combination (T +T

⇤�|�|2/3) was fixed, and W was

a function of � only, so that the potential was simply V̂ = |W
�

|2 up to a trivial re-scaling.

More recently, we assumed [22] that the T field was fixed, with a vacuum expectation

value (vev) 2hReT i = c and hImT i = 0 that was determined by some unspecified non-

perturbative high-scale dynamics §. It was shown that in such a case the Starobinsky

inflationary potential for � would be obtained with the following Wess-Zumino choice of

superpotential:

W =
µ̂

2
�2 � �

3
�3

. (21)

and � = µ/3 where µ = µ̂/

q
c/3.

Here we adopt an agnostic approach, starting from a more symmetric representation

of the SU(2,1)/SU(2) ⇥ U(1) coset space [17]:

K = �3 ln

 

1� |y1|2 + |y2|2
3

!

, (22)

§

For previous proposals how this might occur, see the KKLT [36] and KL models [37,38].
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which yields (30) for the real part of �. The Lagrangian now becomes

L = sech2((�� �

⇤)/
p

3)
h
|@

µ

�|2 � (38)

3M2
���sinh(�/

p
3)
⇣
cosh(�/

p
3)� sinh(�/

p
3)
⌘���

2
�

.

This is identical to the Lagrangian in (33) (after some manipulation of the exponential

and hyperbolic functions) and writing � in terms of its real and imaginary parts: � =

(x + iy)/
p

2 we obtain the same Lagrangian shown in (34) For hyi = 0, we again recover

the potential (5) in terms of x.

We now exhibit some specific examples of SU(2,1)/SU(2) ⇥ U(1) no-scale inflationary

models within this general framework, noting correspondences to examples in the previous

literature.

I. Example from [22]

This is based on the choice

W = M

"
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2
1

2

 

1 +
y2p
3

!

� y

3
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3
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3

#

, (39)

which is a Wess-Zumino (WZ) model for y1 with an interaction term y

2
1y2. In this case,

even with the assumption that y2 is fixed so that hy2i = 0, W , W1, and W2 are all non-zero,

and using (29) we obtain the e↵ective potential

V =
M

2|y1|2 |1� y1/
p

3|2
(1� |y1|2/3)2

, (40)

which is dilatation-invariant for large y1 and precisely of the form (36), and therefore yields

exactly the Starobinsky potential. Transforming back to the (T,�) basis using (24), we

obtain the following expressions for the Kähler potential and the superpotential:

K = �3 ln

 

T + T
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3

!
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2
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3
p

3

#

. (41)

This is exactly the Starobinsky example of [22], in which the inflaton field is identified as a

‘matter’ field with the WZ superpotential, assuming that the modulus is fixed at hT i = 1/2.

II. Reversed Example

We now consider the reversed choice

W = M

"
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, (42)
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and assume that y1 is fixed so that hy1i = 0. Since this is exactly the same potential as

Example I with y1 and y2 interchanged, it again produces exactly the Starobinsky potential

(5). Performing the transformation to the T,� basis using (24) (without interchanging

y1 and y2), we obtain the same expression for the Kähler potential as in (41), but the

superpotential becomes

W =
M

4
(T � 1/2)2(1 + 10T + 2

p
3�) . (43)

This yields the e↵ective potential

V =
12M2|T |2|T � 1/2|2

(T + T

⇤)2
(44)

which is precisely of the form (35) and, making the transformation T = e

�

p
2/3x

/2, we see

that this example also reproduces the Starobinsky potential, but with the inflaton identified

as the ‘modulus’ field and with � fixed at 0.

On the other hand, transforming y2 ! �y2 in (42), we would obtain

W =
M

4
(T � 1/2)2(5 + 2T + 2

p
3�) , (45)

which gives the asymptotically dilatation-invariant potential

V =
3M2|T � 1/2|2

(T + T

⇤)2
(46)

which is now precisely of the form (31) requiring the transformation T = e

p
2/3x

/2. Once �

is properly stabilized, these superpotentials both yield the same scalar potential for Re �.

III. Alternative Example [24,25]

Next we consider an example based on the superpotential

W = My1y2(1 + y2/
p

3) , (47)

which yields

W1 = My2(1 + y2/
p

3). (48)

If we assume that hy1i = 0, so that W,W2 = 0, V̂ is particularly simple:

V̂ = |W1|2 = M

2|y2|2|1 + y2/
p

3|2 , (49)

which is again of the form of (36) (with y2 ! �y2) and making the transformation y2 =

�p3 tanh(x/

p
6) reproduces the Starobinsky potential again. Transforming to the (T,�)

field basis, we find that

W =
p

3M�(T � 1/2) (50)
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Equivalent to R + R2 (Starobinsky) model of gravity

Ellis, Nanopoulos, 
Olive

Cecotti; Kallosh, 
Linde


