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Non-Minimal Inflation (nMI)

Coupling non-Minimally the Inflaton to Gravity

• Our Starting Point is The Action in the Jordan Frame (JF) Of A Scalar Field φ with Potential V (φ) non-Minimally Coupled
to the Ricci Scalar Curvature, R, Through A Frame Function fR(φ). This is:

S =

∫
d4 x
√
−g

(
−

1
2

fR(φ)R +
fK(φ)

2
gµν∂µφ∂νφ − V (φ)

)
, Where

g is the Determinant Of The Background Metric and fR(〈φ〉) ' 1 (in Reduced Planck UnitsWith mP = 1) to Guarantee the
Ordinary Einstein Gravity At Low Energy. We Allow for a Kinetic Mixing Through the Function fK(φ).

• If we Perform a Conformal Transformation1 AccordingWhichWe Define the EF Metric:

ĝµν = fR gµν ⇒


√
−̂g = f 2

R

√
−g and ĝµν = gµν/ fR ,

R̂ =
(
R + 3� ln fR + 3gµν∂µ fR∂ν fR/2 f 2

R

)
/ fR

We End up with the Action S in the Einstein Frame (EF)

S =

∫
d4 x

√
−̂g

(
−

1
2
R̂ +

1
2
ĝµν∂µφ̂∂νφ̂ − V̂

(
φ̂
))

Where we Introduce the EF Canonically Normalized Field, φ̂, and Potential, V̂, Defined As Follows: dφ̂
dφ

2

= J2 =
fK
fR

+
3
2

(
fR,φ
fR

)2

and V̂(φ̂) =
V

(
φ̂(φ)

)
fR

(
φ̂(φ)

)2 ·

•We Observe that fR Affects Both J and V̂I whereas fK only J;
• Obviously a clever Choice of V and fR Can Lead to A Plateau Convenient for Drive Inflation;
• The Analysis of Inflation in the EF Using The Standard Slow-Roll Approximation is EquivalentWith The Analysis in JF.

1K. Maeda (1989); D.S. Salopek, J.R. Bond and J.M. Bardeen (1989); D.I. Kaiser (1995); T. Chiba and M. Yamaguchi (2008).
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−g and ĝµν = gµν/ fR ,

R̂ =
(
R + 3� ln fR + 3gµν∂µ fR∂ν fR/2 f 2

R

)
/ fR

We End up with the Action S in the Einstein Frame (EF)

S =

∫
d4 x

√
−̂g

(
−

1
2
R̂ +

1
2
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Non-Minimal Inflation (nMI)

Inflationary Observational and Theoretical Requirements

In the Era of Precision Cosmology The Inflationary Particle Models Can Be Tightly Restricted.

• The Number of e-foldings, N̂?, that the Scale k? = 0.05/Mpc Suffers During inflation has to be Sufficient to Resolve
the Horizon and Flatness Problems of Standard Big Bang:

N̂? =

∫ φ̂?

φ̂f

dφ̂
V̂

V̂,̂φ
=

∫ φ?

φf

dφ J2 V̂

V̂,φ
' 50 − 60

Where V̂ is the EF scalar potential of the Inflaton φ;
φ? [φ̂?] is The Value of φ [φ̂] When k? Crosses Outside The Inflationary Horizon;
φf [φ̂f ] is the Value of φ [φ̂] at the End of InflationWhich Can Be Found From The Condition:

max{̂ε(φf ), |̂η(φf )|} = 1, With ε̂ =
1
2

 V̂,̂φ

V̂


2

=
1

2J2

 V̂,φ

V̂

2

and η̂ =
V̂,̂φφ̂

V̂
=

1
J2

 V̂,φφ

V̂
−

V̂,φ

V̂

J,φ
J

 ·

• The Amplitude As of the Power Spectrum of the Curvature Perturbations is To Be NormalizedWith Planck Data:

A1/2
s =

1

2
√

3 π

V̂(φ̂?)3/2

|V̂,̂φ(φ̂?)|
=
|J(φ?)|

2
√

3 π

V̂(φ?)3/2

|V̂,φ(φ?)|
= 4.627 · 10−5 .

• We Have To Check The Hierarchy Between The Ultraviolet Cut-off2, ΛUV, of the Effective Theory And The
Inflationary Scale. In Particular, The Validity Of The Effective Theory Implies:

(a) V̂(φ∗)1/4 ≤ ΛUV for (b) φ ≤ 1

2C.P. Burgess et al. (2009); J.F. Barbon and J.R. Espinosa (2009); R. Lerner and J. McDonald (2010); A. Kehagias et al. (2013).

C. Pallis STI With SU(1, 1)/U(1) × SU(2)/U(1) KählerManifolds 3 / 13



Starobinsky-Type Inflation (STI) The SUGRA Framework Kähler Potentials Inflationary Observables - Results Conclusions

Non-Minimal Inflation (nMI)

Inflationary Observational and Theoretical Requirements

In the Era of Precision Cosmology The Inflationary Particle Models Can Be Tightly Restricted.

• The Number of e-foldings, N̂?, that the Scale k? = 0.05/Mpc Suffers During inflation has to be Sufficient to Resolve
the Horizon and Flatness Problems of Standard Big Bang:

N̂? =

∫ φ̂?

φ̂f

dφ̂
V̂

V̂,̂φ
=

∫ φ?

φf

dφ J2 V̂

V̂,φ
' 50 − 60

Where V̂ is the EF scalar potential of the Inflaton φ;
φ? [φ̂?] is The Value of φ [φ̂] When k? Crosses Outside The Inflationary Horizon;
φf [φ̂f ] is the Value of φ [φ̂] at the End of InflationWhich Can Be Found From The Condition:

max{̂ε(φf ), |̂η(φf )|} = 1, With ε̂ =
1
2

 V̂,̂φ

V̂


2

=
1

2J2

 V̂,φ

V̂

2

and η̂ =
V̂,̂φφ̂

V̂
=

1
J2

 V̂,φφ

V̂
−

V̂,φ

V̂

J,φ
J

 ·
• The Amplitude As of the Power Spectrum of the Curvature Perturbations is To Be NormalizedWith Planck Data:

A1/2
s =

1

2
√

3 π

V̂(φ̂?)3/2

|V̂,̂φ(φ̂?)|
=
|J(φ?)|

2
√

3 π

V̂(φ?)3/2

|V̂,φ(φ?)|
= 4.627 · 10−5 .

• We Have To Check The Hierarchy Between The Ultraviolet Cut-off2, ΛUV, of the Effective Theory And The
Inflationary Scale. In Particular, The Validity Of The Effective Theory Implies:

(a) V̂(φ∗)1/4 ≤ ΛUV for (b) φ ≤ 1

2C.P. Burgess et al. (2009); J.F. Barbon and J.R. Espinosa (2009); R. Lerner and J. McDonald (2010); A. Kehagias et al. (2013).

C. Pallis STI With SU(1, 1)/U(1) × SU(2)/U(1) KählerManifolds 3 / 13



Starobinsky-Type Inflation (STI) The SUGRA Framework Kähler Potentials Inflationary Observables - Results Conclusions

Non-Minimal Inflation (nMI)

Inflationary Observational and Theoretical Requirements

In the Era of Precision Cosmology The Inflationary Particle Models Can Be Tightly Restricted.

• The Number of e-foldings, N̂?, that the Scale k? = 0.05/Mpc Suffers During inflation has to be Sufficient to Resolve
the Horizon and Flatness Problems of Standard Big Bang:

N̂? =

∫ φ̂?

φ̂f

dφ̂
V̂

V̂,̂φ
=

∫ φ?

φf

dφ J2 V̂

V̂,φ
' 50 − 60

Where V̂ is the EF scalar potential of the Inflaton φ;
φ? [φ̂?] is The Value of φ [φ̂] When k? Crosses Outside The Inflationary Horizon;
φf [φ̂f ] is the Value of φ [φ̂] at the End of InflationWhich Can Be Found From The Condition:

max{̂ε(φf ), |̂η(φf )|} = 1, With ε̂ =
1
2

 V̂,̂φ

V̂


2

=
1

2J2

 V̂,φ

V̂

2

and η̂ =
V̂,̂φφ̂

V̂
=

1
J2

 V̂,φφ

V̂
−

V̂,φ

V̂

J,φ
J

 ·
• The Amplitude As of the Power Spectrum of the Curvature Perturbations is To Be NormalizedWith Planck Data:

A1/2
s =

1

2
√

3 π

V̂(φ̂?)3/2

|V̂,̂φ(φ̂?)|
=
|J(φ?)|

2
√

3 π

V̂(φ?)3/2

|V̂,φ(φ?)|
= 4.627 · 10−5 .

• We Have To Check The Hierarchy Between The Ultraviolet Cut-off2, ΛUV, of the Effective Theory And The
Inflationary Scale. In Particular, The Validity Of The Effective Theory Implies:

(a) V̂(φ∗)1/4 ≤ ΛUV for (b) φ ≤ 1

2C.P. Burgess et al. (2009); J.F. Barbon and J.R. Espinosa (2009); R. Lerner and J. McDonald (2010); A. Kehagias et al. (2013).

C. Pallis STI With SU(1, 1)/U(1) × SU(2)/U(1) KählerManifolds 3 / 13



Starobinsky-Type Inflation (STI) The SUGRA Framework Kähler Potentials Inflationary Observables - Results Conclusions

Non-Minimal Inflation (nMI)

Constraints for the ΛCDM + r Model From Bicep2/Keck Array and Planck 2015

• Inflationary ModelsWhich Succeed to Fit the Observational Data on As and N? Can Be Further Restricted IfWe Calculate
The (Scalar) Spectral Index And Tensor-to-Scalar Ratio Found Respectively As:

ns = 1 − 6ε(φ?) + 2η(φ?) and r = 16ε(φ?)

• The Combined Bicep2/Keck Array and Planck Results Yield

ns = 0.968 ± 0.009 and r = 0.028+0.026
−0.025 ⇒ 0.003 . r . 0.054 at 68%c.l. or r . 0.07 at 95%c.l.

I.e., Inflationary ModelsWith Negligible r’s Are Not Excluded, Although ThoseWith r’s of order 0.01 Seem To Be Favored.
• R2 Inflation (Or Starobinsky Inflation) Predicts ns ' 0.964 and r = 0.003 for N̂? ' 52.
• As A Consequence, the Starobinsky Inflation Remains One of the Most Predictive and Successful Models.
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Starobinsky Versus Induced-Gravity Inflation

From Non-Minimal to R2 Inflation

• The R2 Inflation can be Introduced as a Type of nMI Employing an Auxiliary (Non-Propagating) Field φ With
fK = 0, fR = 1 + 4cRφ And V = φ2

Using The Equation Of Motion φ = cRR We Obtain The Action Of The Original Model:

S =

∫
d4 x
√
−g

(
−

1
2
R + cR2R2

)
.

• Applying the Standard Formulae, we Find J = 2
√

6cR/ fR,

V̂ =
φ2

f 2
R

'
1

16cR2 , ε̂ '
1

12cR2φ2 and η̂ '
1 − 4cRφ
12cR2φ2 ·

• Therefore, max{̂ε(φf ), |̂η(φf )|} = 1 ⇒ φf =
1

2
√

3cR
·

N̂? ' 3cRφ? ⇒ φ? =
N̂?

3cR
� φf . For N̂∗ ' 52 We Get

• A1/2
s '

N̂?

12
√

2πcR
= 4.627 · 10−5 ⇒ cR ' 2.3 · 104.

0 1 2 3 4 5 6 7 8 9 10
0.0

0.2

0.4

0.6

0.8

1.0

1.2

φ
f

^

c
R
 = 2.3 x 104

 

 

V
 (

10
-1

0 )

φ (10- 4)

φ
∗

• ns ' 1 − 2/N̂? ' 0.965, αs ' −2/N̂2
? ' −6.4 · 10−4 And r ' 12/N̂2

? ' 4 · 10−3 (In AgreementWith Observations).
• There is No Problem with Perturbative Unitarity, SinceWe Obtain ΛUV = 1 If we Perform Expansions Around 〈φ〉 = 0:

J2φ̇2 =

1 − 2

√
2
3
φ̂ + 2φ̂2 − · · ·

 ˙̂φ
2
and V̂ =

φ̂2

24cR2

1 − 2

√
2
3
φ̂ + 2φ̂2 − · · ·

 With φ̂ = 2
√

3cRφ

• The Mass of the Inflaton at the Vacuum is: m̂δφ =
〈
V̂,̂φφ̂

〉1/2
=

〈
V̂,φφ/J2

〉1/2
= 1/2

√
3cR ' 1.25 · 10−5 (i.e. 3 · 1013 GeV).
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6cR/ fR,

V̂ =
φ2

f 2
R
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16cR2 , ε̂ '
1

12cR2φ2 and η̂ '
1 − 4cRφ
12cR2φ2 ·

• Therefore, max{̂ε(φf ), |̂η(φf )|} = 1 ⇒ φf =
1

2
√

3cR
·

N̂? ' 3cRφ? ⇒ φ? =
N̂?

3cR
� φf . For N̂∗ ' 52 We Get

• A1/2
s '

N̂?

12
√

2πcR
= 4.627 · 10−5 ⇒ cR ' 2.3 · 104.
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• ns ' 1 − 2/N̂? ' 0.965, αs ' −2/N̂2
? ' −6.4 · 10−4 And r ' 12/N̂2

? ' 4 · 10−3 (In AgreementWith Observations).

• There is No Problem with Perturbative Unitarity, SinceWe Obtain ΛUV = 1 If we Perform Expansions Around 〈φ〉 = 0:

J2φ̇2 =
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and V̂ =
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φ̂ + 2φ̂2 − · · ·

 With φ̂ = 2
√

3cRφ

• The Mass of the Inflaton at the Vacuum is: m̂δφ =
〈
V̂,̂φφ̂

〉1/2
=

〈
V̂,φφ/J2

〉1/2
= 1/2

√
3cR ' 1.25 · 10−5 (i.e. 3 · 1013 GeV).
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Induced-Gravity Inflation (IGI)

• ItWould Be Certainly Beneficial to Obtain STI Avoiding Drastic Deviations from Einstein Gravity, at Least at Present.

For this reason we Introduce the Idea of Induced Gravity.
• IGI Can Be Realized Employing an Real-Propagating Field φ IfWe
Adopt The Following Ingredients:

fK = 1, fR = cRφ2 and V = λ
(
φ2 − M2

)2
/4 .

• Recovering Einstein Gravity at the Vacuum Implies

fR(〈φ〉) = 1 ⇒ M = 1/
√

cR .

• For cR � 1 and Defining fφ = 1 − cRφ2 We Find J =
√

6/φ,

V̂I =
λ f 2

φ

4cR4φ4 '
λ

4cR2 , ε̂ '
4

3 f 2
φ

and η̂ '
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• Also, N̂? ' 3cRφ2
?/4 ⇒ φ? = 2

√
N̂?/3cR � φf =

√
(1 + 2/

√
3)/cR . Imposing φ? ≤ 1 ⇒ cR ≥ 4N̂?/3cR ' 74

For N̂? ' 52, A1/2
s '

√
λN̂?

6
√

2πcR
= 4.627 · 10−5 ⇒ cR ' 41850

√
λ and m̂δφ =

〈
V̂,̂φφ̂

〉1/2
=
√
λ/
√

3cR ' 1.25 · 10−5.

• ns ' 1 − 2/N̂? ' 0.962, αs ' −2/N̂2
? ' −7 · 10−4, r ' 12/N̂2

? ' 4 · 10−3 (:IdenticallyWith The Starobinsky Model)

• The Model is Unitarity Safe, SinceWe Obtain ΛUV = 1 IfWe Perform an Expansion About δ̂φ = φ − M ' 0:

J2φ̇2 =

1 − √
2
3
δ̂φ +

1
2
δ̂φ

2
− · · ·

 ˙̂
δφ

2
and V̂ =

λ2

6cR2 δ̂φ
2
1 −

√
3
2
δ̂φ +

25
24
δ̂φ

2
− · · ·

 With δ̂φ '
√

6cRδφ
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The General Set-Up

SUGRA Scalar Potential in EF & JF (For a Gauge Singlet Inflaton)

• The General EF Action For The Scalar Fields Φα Plus Gravity In Four Dimensional N = 1 SUGRA is:

S =

∫
d4 x

√
−̂g

(
−

1
2
R̂ + Kαβ̄ĝ

µν∂µΦ
α∂νΦ

∗β̄ − V̂
)

Where V̂ = V̂F = eK
(
Kαβ̄(DαW)(D∗

β̄
W∗) − 3|W |2

)
,

K is The Kähler Potential With Kαβ̄ =
∂2K

∂Φα∂Φ∗β̄
> 0 and Kαβ̄Kαγ̄ = δ

β̄
γ̄; DαW = W,Φα + K,ΦαW.

Therefore, Implementing STI Within SUGRA Requires The Appropriate Selection of W and K

• IfWe Set 3 K = −N ln
(
− Ω/N

)
and Perform a Conformal Transformation, S In JF Reads

S =

∫
d4 x
√
−g

(
Ω

2N
R +

(
Ωαβ̄ +

3 − N
N

ΩαΩβ̄

Ω

)
∂µΦ

α∂µΦ∗β̄ −
27
N3 ΩAµA

µ − V
)
, Ω: Frame Function

•We Observe that Ω Enters The Kinetic Terms of the Φα ’s too. S Can Exhibit Non-Minimal Couplings of Φα ’s to R If
• Aµ = 0 Where Aµ = −iN

(
∂µΦ

αΩα − ∂µΦ
∗ᾱΩᾱ

)
/6Ω. This HappensWhen argΦα = 0 or Φα = 0 During Inflation;

• We Can Decompose Ω to an Holomorphic ΩH = ΩH(Φα) and a Kinetic (Real) ΩK = ΩK

(
ΦαΦ∗β̄

)
Part, With

ΩH � ΩK ' δαβ̄Φ
αΦ∗β̄ WhereWe Restrict Ourselves to the Lowest Order Quadratic Terms. Therefore

Ω = ΩK − N
(
ΩH(Φα) + Ω∗H(Φ∗ᾱ)

)
⇒ K = −N ln

(
ΩH(Φα) + Ω∗H(Φ∗ᾱ) −ΩK/N

)
.

• Although N = 3 is Standard Since it Assures Canonical Terms for Φα ’s, 0 < N , 3 is Totally Acceptable.

3M.B. Einhorn and D.R.T. Jones (2010); S. Ferrara et al. (2010, 2011); H.M. Lee (2010); C.P. and N. Toumbas (2011).
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αΦ∗β̄ WhereWe Restrict Ourselves to the Lowest Order Quadratic Terms. Therefore

Ω = ΩK − N
(
ΩH(Φα) + Ω∗H(Φ∗ᾱ)

)
⇒ K = −N ln

(
ΩH(Φα) + Ω∗H(Φ∗ᾱ) −ΩK/N

)
.

• Although N = 3 is Standard Since it Assures Canonical Terms for Φα ’s, 0 < N , 3 is Totally Acceptable.

3M.B. Einhorn and D.R.T. Jones (2010); S. Ferrara et al. (2010, 2011); H.M. Lee (2010); C.P. and N. Toumbas (2011).
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•We Use 2 Superfields Φ1 = T (Inflaton) and Φ2 = S (“Stabilizer” Field) And Adopt the Following Superpotential:

W =
λ

cT
S (ΩH − 1/2) with ΩH(T ) = cT T n +

∞∑
k=2

λkT nk ' cT T n = f (T ) for T < 1 and λk � 1

• W Is Invariant Under A Global Zn Symmetry and Respects a Continuous R Symmetry, i.e.,
W → W for T → e2ikπ/nT , and W → eiϕ W for S → eiϕ S and ΩH → ΩH .

• The SUSY limit, VSUSY, of V̂, obtained for mP → ∞ is VSUSY = λ2 |ΩH − 1/2|2 /c2
T + λ2 |S ΩH,Φ |

2/c2
T .

• The SUSY Vacuum Lies At The Direction 〈S 〉 = 0 and 〈ΩH〉 = 1/2 ⇒ 〈T 〉 = (2cT )−1/n .

The Inflationary Stage

• IfWe Set S = 0, The Only Surviving Term of V̂ is V̂I = eK KS S ∗
∣∣∣W,S

∣∣∣2.

V̂I0 ' λ
2KS S ∗ /c2

T f N
R

Where fR = −Ω/N, and eK = f −N
R
.

• As Regards the S terms in K We Distinguish The Following Cases:

• K21 = −n21 ln
(

f (T ) + f ∗(T ∗) − |S |
2

n21

)
Which Parameterizes the S U(2, 1)/S U(2) × U(1) Kähler Manifold.

• K111 = −n11 ln
(

f (T ) + f ∗(T ∗)
)

+ |S |2 Which Parameterizes the S U(1, 1)/U(1) × U(1) Kähler Manifold.

• K112 = −n11 ln
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f (T ) + f ∗(T ∗)
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+ n2 ln
(
1 +

|S |2
n2

)
Which Parameterizes the S U(1, 1)/U(1) × S U(2)/U(1) Kähler

Manifold.

In The FollowingWe Show Details on the Realization of These Three Models.
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STI and Kähler Potentials

STI & Curvature of the Kähler Manifolds

• Expanding Φ and S in Real and Imaginary Parts as Follows:

T =
φeiθ

√
2
and S =

s + is̄
√

2
, The Inflationary Direction is Defined as s = s̄ = θ = 0.

•We Can Introduce The EF Canonically Normalized Fields, so as

Kαβ̄ żα ż∗β̄ =
1
2

(
˙̂φ

2
+

˙̂
θ

2
)

+
1
2

(
˙̂s

2
+

˙̂s
2
)

Where
dφ̂
dφ

= J =
√

KTT∗ , θ̂ = J
θ

φ
, and (̂s,̂̄s) =

√
KS S ∗ (s, s̄).

• Along the inflationary Trajectory, V̂I isWritten As

V̂I =
λ2(1 − 2 f )2

c2
T

·

2−(1+n21)/ f n21−1

2−(2+n11)/ f n11
Since

(
Kαβ̄

)
= diag (KTT∗ ,KS S ∗ ) =


diag

(
n21n2

2φ2 , 2n/2−1
f

)
diag

(
n11 n2

2φ2 , 1
) for K =

K21

K111 & K112

• For cT = 1 and φ � 1 or cT � 1 and φ < 1, V̂I Develops A PlateauWith Almost Constant Potential Energy Density, If

2n =

n(n21 − 1)
nn11

⇒

n21 = 3
n11 = 2

for K =

K21

K111 and K112
(Recall that f ∼ φn)

This Empirical Criterion Is Very Precise Since The Data on ns Allows Only Tiny (Of Order 0.001) Deviations4.
• The η ProblemWithin SUGRA is Resolved by Requiring cT � 1 and N (These Signal A Mild Tuning).
• Along the Inflationary path, V̂ = V̂I and the Corresponding Hubble Parameter ĤI Become (Almost Constant):

V̂I =
λ2 f 2

φ

4c4
Tφ

2n
and ĤI =

V̂1/2
I
√

3
=

λ fφ
2
√

3c2
Tφ

n
, With fφ = 2n/2−1 − cTφ

n < 0.

4C.P. (2014); A.B. Lahanas and K. Tamvakis (2015).
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1
2

(
˙̂φ

2
+

˙̂
θ

2
)

+
1
2

(
˙̂s

2
+

˙̂s
2
)

Where
dφ̂
dφ

= J =
√

KTT∗ , θ̂ = J
θ

φ
, and (̂s,̂̄s) =

√
KS S ∗ (s, s̄).

• Along the inflationary Trajectory, V̂I isWritten As

V̂I =
λ2(1 − 2 f )2

c2
T

·

2−(1+n21)/ f n21−1

2−(2+n11)/ f n11
Since

(
Kαβ̄

)
= diag (KTT∗ ,KS S ∗ ) =


diag

(
n21n2

2φ2 , 2n/2−1
f

)
diag

(
n11 n2

2φ2 , 1
) for K =

K21

K111 & K112

• For cT = 1 and φ � 1 or cT � 1 and φ < 1, V̂I Develops A PlateauWith Almost Constant Potential Energy Density, If

2n =

n(n21 − 1)
nn11

⇒

n21 = 3
n11 = 2

for K =

K21

K111 and K112
(Recall that f ∼ φn)

This Empirical Criterion Is Very Precise Since The Data on ns Allows Only Tiny (Of Order 0.001) Deviations4.
• The η ProblemWithin SUGRA is Resolved by Requiring cT � 1 and N (These Signal A Mild Tuning).

• Along the Inflationary path, V̂ = V̂I and the Corresponding Hubble Parameter ĤI Become (Almost Constant):
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STI and Kähler Potentials

STI & Curvature of the Kähler Manifolds
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V̂I =
λ2 f 2

φ

4c4
Tφ

2n
and ĤI =
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STI and Kähler Potentials

Stability of The Inflationary Direction and Kähler Potentials

• To Consolidate the Validity of Our Inflationary ScenarioWe have to Check the Stability of the Inflationary Trajectory
s = s̄ = θ = 0 w.r.t the Fluctuations Of The Various Fields, i.e.

∂V
∂χ̂α

∣∣∣∣∣
s=s̄=θ=0

= 0 and m̂2
χα > 0 Where m̂2

χα = Egv
[
M̂2
αβ

]
With M̂2

αβ =
∂2V

∂χ̂α∂χ̂β

∣∣∣∣∣∣
θ=s=s̄=0

and χα = θ, s, s̄.

Where Egv are the Eigenvalues of the Matrix M̂2
αβ.

Scalar Mass-Squared Spectrum for K = K111,K21 and K112 Along The Inflationary Trajectory

Fields Eingestates Masses Squared

K = K21 K = K111 K = K112

1 Real Scalar θ̂ m̂2
θ/Ĥ

2
I 4(2n−2 − cTφ

n fφ)/ f 2
φ 6(2n−2 − cTφ

n fφ)/ f 2
φ

1 Complex Scalar ŝ,̂̄s m̂2
s/Ĥ

2
I (2n/ f 2

φ −2) 3 · 2n−1/ f 2
φ 6(1/n2 +2n−2/ f 2

φ )

2 Weyl Spinors ψ̂± m̂2
ψ± 2n−2λ2/3c4

Tφ
2n 2n−3λ2/c4

Tφ
2n

• For K = K21, We obtain m̂2
S < 0. This can be Rectified Including Higher Order terms of the Form kS |S |4 with kS ∼ 1,

But Then The Symmetry of Kähler Manifold is Lost. Also, the Predictability Of The Theory Is Lost Since Terms
kS Φ |S |2 |Φ|2 Change5 The Resulting ns and r. AlternativelyWe may Assume that S2 = 0.

• For K = K111, We Obtain m̂2
s ≤ Ĥ2

I and So S may Generate Inflationary Perturbations Leading to large
non-Gaussianity in the Cosmic Microwave Background, Contrary to the Observations;

• For K = K112 with n2 ≤ 6 We Obtain m̂2
s > Ĥ2

I And So, the Standard 1-field Inflationary Formalism can be Applied.

5C.P. (2014).
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Kähler Potentials Vs KählerManifolds

The Kähler Manifold Corresponding to K112

• The Structure of the S U(1, 1)/U(1) Coset Space Becomes More Transparent ifWe Define 6

f (T ) =
1
2

1 − Z/
√

n11

1 + Z/
√

n11
·

We Can Show That The Theory Based on K112 and W is EquivalentWith this Based on K̃112 and W̃

K̃112 = −n11 ln
(
1 −
|Z|2

n11

)
+ n2 ln

(
1 +
|S |2

n2

)
and W̃ = W(1 + Z/

√
n11)n11

since the Generalized Kähler Potential G = K + ln |W | Remains Unchanged.

• K̃112 Remains Invariant, up to a Kähler Transformation, under the Transformations

Z
√

n11
→

a1Z/
√

n11 + b1

b∗1Z/
√

n11 + a∗1
and

S
√

n2
→

a2S/
√

n2 + b2

−b∗2S/
√

n2 + a∗2
, Provided that |a1 |

2 − |b1 |
2 = 1 and |a2 |

2 + |b2 |
2 = 1 .

• These Transformations Can Be Used To Define Transitive Actions Of The 2 × 2 Matrices

U1 =

a1 b1
b∗1 a∗1

 and U2 =

 a2 b2
−b∗2 a∗2


on the Scalar Field Manifolds Parameterized by Z and S . These Matrices Have The properties

U†1σ3U1 = σ3 and U†2 U2 = I with σ3 = diag (1,−1) and I = diag (1, 1) .

Therefore, They Provide Representations Of The S U(1, 1) and S U(2) Groups Respectively.
• As Regards The Scalar Curvatures Of The Spaces, We Apply The Formula

RK = g−3 (
g,zg,z∗ − gg,zz∗

)
=

−2/n11, for S U(1, 1)/U(1)
2/n2, for S U(2)/U(1)

With g = K̃112 and z = Z or z = S , Respectively.

6J.R. Ellis, C. Kounnas and D.V. Nanopoulos (1984); J. Ellis, D.V. Nanopoulos and K.A. Olive (2013).
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Testing Against Observations

• The Slow-Roll Parameters Are Determined As Follows:

ε̂ =
2n−2

f 2
φ

and η̂ =
2n/2

f 2
φ

(
2n/2 − cTφ

n
)

With J =
n
φ

• The Termination Of STI Is Triggered for φ = φf Given By

φf = max

√2
 1 +

√
2

2cT

1/n

,
√

2
 √3

2cT

1/n ·
•We can then Calculate N̂? and from it φ?, as Follows: 0.0 0.2 0.4 0.6 0.8 1.0 1.2

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

n = 6, c
T
 = 465

 φ
 φ

f

 

 

V
I (

10
- 

10
)

φ

*

  

n = 2, c
T
 = 116

>

N̂? '
cT

2n/2

(
φn
? − φ

n
f

)
−

n
2

ln
φ?
φf

⇒ φ? '
√

2
(
N̂?/cT

)1/n
.

• There is a Lower Bound on cT , AboveWhich φ? < 1 – and so Terms Φl with l > n Are Harmless. Indeed,

φ? ≤ 1 ⇒ cT ≥ 2n/2N̂? ' 110, with N̂? = 55 and n = 2.

• The Power Spectrum Normalization Implies A Dependence of λ on cT Independently of n
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UV Behavior

•We Analyze The Small-Field Behavior Of the Theory Expanding S About 〈φ〉 = 2(n−2)/2nc−1/n
T In Terms of φ̂.

To this EndWe Find
〈J〉 = n/〈φ〉 = 2(2−n)/2nnc1/n

T .

• As in the other Versions of STI ΛUV = 1 Since The Expansions Abound 〈φ〉 Are cT Independent:
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• The Mass Of The Inflaton At The SUSY Vacuum Is Given By
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N̂?

' 1.25 · 10−5

Note that m̂δφ is Essentially Independent Of n Thanks To The Relation Between λ and cT .

Conclusions

•We Proposed A Novel Realization of STI Within SUGRA – The Embedding of the Model in String Theory Remains Open;
•We Employ A SuperpotentialWhich Can Be Determined by an R a Discrete Zn SymmetriesWhereas the Kähler Potential
Parameterizes The Product Space S U(1, 1)/U(1) × S U(2)/U(1) With Sectional Curvatures −1 and 2/n2, Respectively,
Where 0 < n2 ≤ 6;
• Inflationary Solutions Can Be Attained EvenWith Subplanckian Inflaton ValuesWhereas S is Heavy Enough AndWell
Stabilized During And After STI;
• Therefore, STI RealizedWithin This SUGRA Setting Preserves Its Original Predictive Power Yielding

ns ' 0.964, αs ' −6.3 · 10−4, r ' 0.0024 and m̂δφ = 3 · 1013 GeV .

Thank You!
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