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Large-Field Inflation

@ primordial tensor modes
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@ control over potential for A¢p > 1
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@ UV completion: string theory
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@ axion with shift symmetry
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Moduli Stabilization and Inflation

preferred situation: all moduli heavy, one light axion

typical framework: type IIB orientifold compactifications with fluxes

o fluxes fix complex structure and dilaton

Kahler moduli stabilized via gaugino condensates (or instantons)

W = Whux + Wnp

@ inflation
o aligned natural inflation: axions in Wyp

e F-term axion monodromy inflation: axions in Wy
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Effective Supergavity Approach

o study Kahler moduli stabilization in large-field inflation

w :%mq§2+Wo +W(T)
K =—3F-¢) +K(T+T)

@ inspired by flux-induced F-term axion monodromy

W=cg+alU+al’+ - .-=g+cU?+... (U=9)
@ subtleties: flux tuning, no-go theorems

@ inflaton potential depends on Kahler moduli stabilization
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No-Scale Cancellation

@ pure no-scale model

W= 246"+ W
K=-3(¢—¢)*—3log(T+ T)

@ scalar potential
- - 2 42
V = KD WP + e B TERTI - gw) =0 2

T+T)

@ no-scale cancellation kills dangerous —3|W/|?

@ runaway of T
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Supersymmetric Moduli Stabilization

@ KL model: two gaugino condensates

2nT

2T _
Wk =Wo+Ae M 4+ Be ™

@ tune parameters such that
W|T0 = (‘5’7-W|TO =0

1076+ .

@ metastable supersymmetric
Minkowski minimum

or ] @ protected by barrier of tunable
height

To
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Inflation in the KL Model

@ adding the inflaton sector

W = Wi + 247 K=-1(¢—¢)*>—3log(T+T)
@ naive no-scale cancellation (¢ = ¢)
10710,
— 2R A2 &
V|To - ¢ (m o W)
>
0 @ inflation induces AT
_ =22 3@t H
-107%f Vigpar = m°0" = 555 + O(m_r)
0 1 2 3
¢

@ supersymmetric moduli decouple if mr > H
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KKLT

o KKLT model: gaugino condensate

2nT

Wikt = Wo + Ae™

] ] @ supersymmetric AdS minimum

108 ] @ uplifted e.g. via F-term
> ot o S‘U'S)T FX ~ m3/2
10-51 | @ potential barrier

2
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KKLT

@ KKLT model: gaugino condensate + uplifting sector

WKKLT = Wo +AE_¥ -+ fX

] ] @ supersymmetric AdS minimum
108 ] @ uplifted e.g. via F-term

Ve @ SUSY Fx ~ mz />

@ potential barrier

2

To
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Inflation in KKLT

@ adding inflation sector leads to shift
AT m¢?

—_— th

m
To m3/2 (27—0)3/2

o AT < Tp: modulus is stabilized and can be integrated out

V &~ —3ims p¢? +i?¢? — 3Pt ~ Vo (1 Yo )

- 2
T 12m3/2
0

@ SUSY soft mass can drive inflation
@ leading correction leads to flattening effect

e stability bound m3,, > H
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Inflation in KKLT

V(p) 1.x107

5.%x107
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Large Volume Scenario

@ swiss-cheese manifold with big four-cycle and small four-cycle

V= (Tp+ Tp)¥? — (T + T,)3?

interplay between a’-correction and non-perturbative corrections

Wivs = W + Ae™ 0 + Wi, Kivs = —2log (V + €)

L. . 27 Ts
@ minimum at exponentially large volume V ~ Wy e ™~

@ no-scale cancellation between F7, and W approximately preserved

@ potential barrier
2
Ve~ Vo T2
V3 V
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Inflation in LVS

60 80 100 120
T

o inflaton potential after integrating out T (schematically)

52 42 lfnm 2
V ~ m?¢? (1 — mvo ) + %r"nm3/2¢2 (1 _V 3/29 )
B

Vs

@ supersymmetric mass term + volume-suppressed SUSY soft mass

@ 4D supergravity description requires ms;, < Mgk ~ Y—2/3

@ inflation for V < 1000 and SUSY soft mass dominant

, @ inflation induces AT, and AT

» e stability bound m3 5 > HVV
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Inflation in LVS
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Inflation in LVS
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Universal Backreaction

@ in KKLT, LVS, Kahler uplifting inflaton potential takes universal form

V= M2 A
= 3¢% ¥
0.25
I Planck 2014 (TT,TE,EE) + lowP
Flattened chaotic inflation
02 Natural inflation

L Vgl p<2

0.96 0.98
nS

@ type of flattening related to the geometry of internal space?

Martin W. Winkler (BCTP) Large-Field Inflation and Moduli Stabilization March 18 2015 13 / 14



Conclusion

o (large-field) inflation and moduli stabilization are tightly connected

o if Kahler moduli stabilization breaks SUSY, moduli do not decouple
from inflation

@ SUSY induces inflaton soft mass which can drive inflation

@ severe constraints to protect moduli during inflation, in particular
ms;y > H  (KKLT) ms/n > HVV  (LVS)

@ considered schemes share universal predictions for CMB observables
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