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Experiments [BICEP2 ‘14, Planck ‘15] motivated to study large-field inflation.              

‣ axions with shift symmetry prevent UV corrections 

‣ axions arise naturally in String Theory as moduli 

            consider interplay between inflation and moduli stabilisation in String Theory

Aligned Inflation [Kim, Nilles, Peloso ’05]: 
‣ 2 axionic moduli with sub-Planckian decay constants for controlled string compactification 

‣ effective decay constant       trans-Planckian to realise large-field inflationfe↵

Difficulty: control all effective theories by correct mass hierarchy!
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Derive basis of periods solving Picard-Fuchs equations from fundamental period 
[Candelas, De La Ossa, Font, Katz, Morrison ‘94]
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F0 = 1 ,

F1 = Z ,

F2 = (0.46 + 0.11i) + (1.10� 2.17i)Y � 0.19Z

� (7.34� 14.73i)Y 2
+ (2.71 + 1.42i)Y Z + (0.11� 1.69i)Z2
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‣ can change (e.g. linear term in    ) due to possible                transf. of periodsZ Sp(6;Z)

‣ obeys shift symmetries:

Z ! ei✓Z

[Etxebarria, Grimm, Valenzuela ‘14]

axionic sym.
broken by higher orders to discrete sym. ✓ ! ✓ + 2⇡

Im(Y ) ! Im(Y ) + '



Moduli Stabilisation I

7

Consider more flexible models inspired by periods and Kähler potential of                   .P11226[12]



Moduli Stabilisation I

7

Consider more flexible models inspired by periods and Kähler potential of                   .P11226[12]

General flux-induced superpotential [Gukov, Vafa, Witten ‘99]

WGVW = �
⇣
f⇤X

⇤ � f̃⇤F⇤

⌘
+ iS

⇣
h⇤X

⇤ � h̃⇤F⇤

⌘

axio-dilaton S = g�1
s � i C0periods



Moduli Stabilisation I

7

Consider more flexible models inspired by periods and Kähler potential of                   .P11226[12]

General flux-induced superpotential [Gukov, Vafa, Witten ‘99]

Turn on fluxes to generate a superpotential of the form 
(similar [Giddings, Kachru, Polchinski ‘01])

WGVW = �
⇣
f⇤X

⇤ � f̃⇤F⇤

⌘
+ iS

⇣
h⇤X

⇤ � h̃⇤F⇤

⌘

complex structure modulus Y = y + i ⇣

axio-dilaton S = g�1
s � i C0periods

W ⇠ f

✓
� 1

2⇡i
Z logZ + 0.18� 0.42Y � 1.43iZ + . . .

◆

+ i (hS +

ˆfY )Z � ih0S � i ˆf 0Y + . . .



Moduli Stabilisation I

7

Consider more flexible models inspired by periods and Kähler potential of                   .P11226[12]

General flux-induced superpotential [Gukov, Vafa, Witten ‘99]

Turn on fluxes to generate a superpotential of the form 
(similar [Giddings, Kachru, Polchinski ‘01])

WGVW = �
⇣
f⇤X

⇤ � f̃⇤F⇤

⌘
+ iS

⇣
h⇤X

⇤ � h̃⇤F⇤

⌘

complex structure modulus Y = y + i ⇣

axio-dilaton S = g�1
s � i C0periods

W ⇠ f

✓
� 1

2⇡i
Z logZ + 0.18� 0.42Y � 1.43iZ + . . .

◆

+ i (hS +

ˆfY )Z � ih0S � i ˆf 0Y + . . .



Moduli Stabilisation II

8

FZ = 0

Z ⇠ exp

✓
�2⇡

f
(hS +

ˆfY )

◆

axio-dilaton complex structure modulus

Conic modulus Z is stabilised via F-term condition             : 



Moduli Stabilisation II

8

FZ = 0

Z ⇠ exp

✓
�2⇡

f
(hS +

ˆfY )

◆

axio-dilaton complex structure modulus

Conic modulus Z is stabilised via F-term condition             : 

Integrating out heavy conic modulus Z yields effective superpotential

We↵ ⇠ i(f + h0S + f̂ 0Y ) + Z + . . .

tree-level superpotential



Moduli Stabilisation II

8

FZ = 0

Z ⇠ exp

✓
�2⇡

f
(hS +

ˆfY )

◆

Ke↵ = �2 logV � log(S +
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�

axio-dilaton complex structure modulus

Minkowski minimum:

Conic modulus Z is stabilised via F-term condition             : 

Integrating out heavy conic modulus Z yields effective superpotential

‣ assume Kähler potential

‣ axion                           and saxions stabilised by fluxes 

‣ axionic moduli combination                          remains unstabilised

We↵ ⇠ i(f + h0S + f̂ 0Y ) + Z + . . .

tree-level superpotential

⌃ = f̂ 0⇣ � h0C0

⇥ = f̂⇣ � hC0
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Summary of moduli masses and scales:

correct hierarchy in principle 
possible!

But generic mass hierarchy is given by
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‣ other special points in moduli space: Gepner point, 

colliding conifolds [Curio, Klemm, Lüst, Theisen ‘01] 

Summary: 

‣ integrating out conic modulus mimics instanton-like term in 
the superpotential 

‣ ignoring Kähler moduli can lead to aligned inflation 
‣ exponential hierarchies give control over effective theories

Thank you!


