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Alternative (model building): Vacuum energy contribution 

comes from the F-term of a non-inflaton field



What we know .. 
Homegneous and isotropic

+orizon proble,

∆T/T ∼ 10−5

Spatially flat

Homegneous and isotropic

-latness proble,

−0.0178 < Ωk < 0.0066

k

H2a2
= Ω− 1



Accelerated growth of scale factor 

Generic predictions:

          Isotropy and Homogeneity      

          Spatial flatness

          Absence of cosmological relics

          Perturbations from quantum perturbations  

Model dependent prediction:

           Statistical properties of perturbations

How to solve ..
(NFLATIO.    

- /u0, Linde, Starobinsk%



Inflation 101
Canonical scalar field with V (φ) >>

1
2
φ̇2

P =
1
2
φ̇2 − V (φ) " −V (φ)

P ! −ρ

Requirement for accelerated expansion: P < −1
3
ρ

ρ =
1
2
φ̇2 + V (φ) ! V (φ)



Inflation 101

η = M2
P (V ′′/V )ε = M2

P (V ′/V )2

P 1/2
R =

1
2
√

3π

V 3/2

|V ′|

Slow-roll parameters:

Curvature perturbations:

ns = 1− 6ε + 2ηScalar spectral index:

ns = 0.96± 0.015WMAP 5 data:

mφ << Hinf H2 =
1

3M2
P

(V (φ) +
1
2
φ̇2)



connection to particle physics .. 

Inflation (High 
energy scale M)

Hierarchy problem - 
sensitive to M

SUSY (as local symmetry 
Supergravity)

Large Inflaton 
mass ~ H η − problem

?
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        - problem in SUGRAη
SUSY models must be incorporated in local SUSY theory  

V = eK/M2
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η
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SUSY models must be incorporated in local SUSY theory  

V = eK/M2
P [Kij̄DiWDj̄W

∗ − 3
M2

P

|W |2] DiW = Wi + WKi

Superpotentail W W + Kahler potential K                                     

Model independent 

Model dependent
Kij̄DiWDj̄W

∗ − 3|W |2

Example:  Brane inflation         Kachru et.al 620037 η = 2/3

K ∼ φ2



ways to move .. 
V = eK/M2

P [Kij̄DiWDj̄W
∗ − 3

M2
P

|W |2]

φ inflaton field and S noninflaton field

W = Wφ = 0 WS != 0Conditions:

Dφ → 0 DS →WS

V = eKKSS̄ |WS |2

- 82wart 6947

- 9ntusch, Bas2ro-Gil, K.D, King, Kostka 6087

Impose symmetry on Kahler potential - tree level flat inflaton potential
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(explicit models later)



Avenues

• Specific choice of Kahler potential 6Murayama, Suzuki, Yanagida,  Yokoyama7

• Tuning of parameters 

• Symmetry requirement of Kahler potential

-          Shift symmetry 6Kawasaki, Yamaguchi, Yanagida;       Brax and Mar*n7 

•          

•          Heisenberg symmetry   6Gai3ard, Murayama, Olive7                                       

η = T + T ∗ + φ∗
i φ

i

Φ→ Φ + iCMP

ρ = T + T ∗ − |Φ|2K = f(ρ)

K =
3
8
η + η2

m
ore

 disc
uss

io
ns l

ate
r  

...
K = K(Φ + Φ∗) Im(Φ) is inflaton



Interval

• Generic SUGRA contributions can be controlled by 

symmetry

• Model dependent contributions are plagued with coupling 

between inflaton and moduli sectors

• Dynamics needs to be checked carefully                                         

- :rax, van de Bruck, Davis, Davis 6;067



Interval

• Generic SUGRA can be controlled by symmetry

• Model dependent contributions are plagued with coupling 

between inflaton and moduli sectors

• Dynamics needs to be checked carefully                                         

Introduce Tribrid Inflation

- :rax, van de Bruck, Davis, Davis 6;067



Framework: ‘Tribrid Inflation’

• Introduce an extra chiral field S - ‘spectator’ field

•  

• During inflation 

• An example:  

Vacuum energy for inflation

(i = Φ, H)

FS = WS != 0

inflaton water-fall

W = 0

W = κS(H2 −M2) + g(Φ, H)

V = |FS |2 = κ2M4 ~ constant
  

Antusch, Bastero-Gil, K.D, King, Kostka

Fi = Wi = 0 - 82war< 



Comparison

‘Standard’ Hybrid           Tribrid

W = κΦ(H2 −M2) W = κS(H2 −M2) + g(Φ, H)

Vacuum energy ∼ |FΦ|2 Vacuum energy ∼ |FS |2

During inflation W != 0 During inflation W = 0

e.g. (s)neutrino inflation

g(Φ, H) =
λ

M∗
Φ2H2

  

Antusch, Bastero-Gil, King, Shafi



‘Tribrid’ reduces couplings
An example calculation:

Winf = 0
Imposing Winf = 0 reduces several problematic couplings                                                                    

Main source of problem |Winf + W (T )|2 → |W (T )|2

- :rax, van de Bruck, Davis, Davis 6;067

VF = eK[M4 + V2(T )|Winf |2 + 2Re(V1(T )W ∗
inf ) + VS(T )]



Realizations

• Shift symmetry 

• Heisenberg symmetry

• Symmetry breaking term in the Superpotential provides 

necessary slope                         

• Associated modulus with Heisenberg symmetry is 

stabilized by large vacuum energy during inflation

Antusch, Bastero-Gil, K.D, King, Kostka

Antusch, K.D, Kostka

 - coupling between modulus and spectator field S is important



with Heisenberg symmetry

Heisenberg symmetry protects flat directions from generic 

SUGRA corrections - /ai3ard, Murayama, Olive 6;957 - /ai3ard, Ly0, Murayama 6;987

δT = ε∗i φ
i, δφi = εi - :ine=uy, Gai3ard 6;877

ρ = T + T ∗ − |φ|2Invariant combinations:                                                                     

Impose symmetry: K = f(ρ)

Special case: K = −3 ln ρ No scale form



An example
W = κS(H2 −M2) +

λ

M∗
φ2H2

K = |H|2 + (1 + κs|S|2 + κρρ)|S|2 + f(ρ)

Vacuum energy from FS != 0
Winf = 0

During inflation S = H = 0

Vtree(S = H = 0) = κ2M4 ef(ρ)

1 + κρρ

tree-level mφ = 0

mH , mS >> H

ρmin = − 3
4κρ

during inflation

Antusch, Bastero-Gil, K.D, King, Kostka



Loop potential
φ2H2 in superpotential breaks the symmetry

Only H mass contributes to the loop potentials

κ = 0.05, λ/M∗ = 0.2

ε << η and η negative



Dynamics of the fields
Non-minimal kinetic terms

V (n, ρ) = Vtree(ρ) + Vloop(n, ρ)

Non-minimal kinetic terms



Predictions
κ = 0.05, λ/M∗ = 0.2 Similar to standard hybrid models

ns ! 0.98

r ! 10−4 dns

d ln k
! −10−3

M ! 3 × 10−3 MP



Chaotic Inflation

• Large field models of inflation 

• ‘Possibly’ observable tensor perturbations  - Ly0                                           

• In good agreement with WMAP                                        

5-year data

V (φ) =
1
2
m2φ2

∆φ ∼MP

η = M2
P (V ′′/V )

>omatsu et.a?

ε = M2
P (V ′/V )2

ns



Framework
ρ = T + T ∗ − |Φ|2

InflatonModulus

W = MΦX K = (1 + κX |X|2 + κρρ)|X|2 + f(ρ)

F-term of  the X field contributes to the vacuum energy

X = 0 during inflation 

Heisenberg Symmetry

Antusch, Bastero-Gil, K.D, King, Kostka

VF =
M2|φ|2

ρ3(1 + κρρ)

m2
ρ ∼ |WX |2 mφ ∼M << H

Tree level potential is NOT flat



Dynamics of the fields

r ∼ 8/N ∼ 0.13

ns ∼ 1− 2/N ∼ 0.97
Predictions:

Loop corrections negligible and 

only mass renormalization



GUT model (in progress)

Goal: Construction of a SUSY model where inflaton is NOT 

a gauge singlet

Inflation happens along a D-flat direction when F-term 

dominates - Introduction of inflaton field in the 

conjugate representation also.

W = S(
< X >

Λ
HH̄ −M2) +

λij

Λ
RiRjH̄H̄ +

γ

Λ
R̄R̄HH +

ζi

Λ
RiR̄HH̄

Cosmic defects are not generated.

Two loop radiative mass corrections are suppressed

Outline:

Dvali

Φ2H2



Epilogue: Comparing Models



 Summary and Outlook
Embedding inflation model in SUGRA is a challenging task!

A new class of model, ‘Tribrid inflation’ has been introduced!

Particular realizations with Heisenberg and Shift symmetry! 

New class is tailor made for solving SUGRA problems for inflation!

Future work: GUT embedding

                      String theory realizations 

                      Leptogenesis



Thank You


