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Inflation with a stabilizer field

Consider a model in           supergravity with two chiral multiplets,N = 1

K = (�+ �̄)2 + |S|2 + ⇠|S|4 , W = aS�
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Inflation with a stabilizer field

[Kawasaki et al. ’00; Kallosh et al. ‘11]

Consider a model in           supergravity with two chiral multiplets,N = 1

K = (�+ �̄)2 + |S|2 + ⇠|S|4 , W = aS�

Supergravity scalar potential is suitable for inflation along        , Im !

V = eK
�
KijFiF̄j � 3|W |2

�
= 1

2a
2'2



2. D6-brane inflation and back-reaction
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D6-brane inflation — the full thing

[Marchesano et al. ’14; Escobar et al. ‘16]

A D6-brane in type IIA string theory background wrapping a suitable 

cycle may have the following           effective theory: N = 1

KK = � log
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D6-brane inflation — the full thing

[Marchesano et al. ’14; Escobar et al. ‘16]

A D6-brane in type IIA string theory background wrapping a suitable 

cycle may have the following           effective theory: N = 1
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D6-brane inflation — boiled down

To study the inflationary dynamics, let us write down a boiled-down 

toy model with very similar properties,

K = �3 log

!
T +

¯T � 1

2

(�+

¯

�)

2

"
+

1

2

(S +

¯S)2 ,

Obvious differences to minimal model: additional no-scale field   , shift 

symmetry for   , no additional mass term

T

S

W = aS! + Wmod(T )
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D6-brane inflation — boiled down

K = �3 log

!
T +

¯T � 1

2

(�+

¯

�)

2

"
+

1

2

(S +

¯S)2 ,

EFT approach: Stabilize    supersymmetrically via              at a high 

mass scale and integrate out

T

W = aS! + Wmod(T )

W
mod

(T )

Effective theory for    and    

should reproduce inflation 

with a stabilizer field

[Escobar et al. ’16, Escobar et al. ‘16]

S �



6

D6-brane inflation — back-reaction I

Original technique: Compute full scalar potential and freeze          : T = t0

V (S, ! ) =
1

12t20

!
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2
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0

),W 0
mod

(t
0
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D6-brane inflation — back-reaction II

V (S, ! ) =
1

12t20
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D6-brane inflation — back-reaction II

V (S, ! ) =
1

12t20

!
1

2
a2! 2 +

1

2
(a2 + 3a2! 2)s21 +

1

2
(a2 + 4a2! 2)s22

+ O(W
mod

(t
0

),W 0
mod

(t
0

))

#

Looks fantastic!

But... actually,                       due to interaction terms               T = t0 + �T (')

T back-reacts on the inflaton potential
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D6-brane inflation — back-reaction III

Two ways to treat back-reaction and find correct effective potential:

a) Minimize full potential                w.r.t.                    

and plug solution back in. Result can be written 

as

V (T, S,�) T (')

Ve↵ = V0 + a
V0

m2
T

+ b
V 2
0

m4
T

+ . . .
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D6-brane inflation — back-reaction III

Two ways to treat back-reaction and find correct effective potential:

a) Minimize full potential                w.r.t.                    

and plug solution back in. Result can be written 

as

V (T, S,�) T (')

Ve↵ = V0 + a
V0

m2
T

+ b
V 2
0

m4
T

+ . . .

b) To find only leading-order potential    , fix     

M       in Kahler potential and superpotential. 

Then use supergravity formula.    

V0

T = t0
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D6-brane inflation — back-reaction IV

And indeed, with

K = �3 log


2t0 �

1

2

(�+

¯

�)

2

�
+

1

2

(S +

¯S)2 , W = aS�

V (S,') =
1

12t2


1

2
a2'2 +

1

2

✓
a2 +

3

4
a2'2

◆
s21 +

1

2

✓
a2 � 3

4
a2'2

◆
s22

�
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D6-brane inflation — back-reaction IV

And indeed, with

K = �3 log


2t0 �

1

2

(�+

¯

�)

2

�
+

1

2

(S +

¯S)2 , W = aS�

V (S,') =
1

12t2


1

2
a2'2 +

1

2

✓
a2 +

3

4
a2'2

◆
s21 +

1

2

✓
a2 � 3

4
a2'2

◆
s22

�

Wrong sign. Tachyon!

No-scale field and crucial cancellation completely removed from EFT



3. New stabilizer fields from complex structure
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Tracing the origin of the stabilizer field

D6-brane inflation fails 

at the supergravity level

Go back to the string 

theory origin to find 

better stabilizer field
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Tracing the origin of the stabilizer field

D6-brane inflation fails 

at the supergravity level

Go back to the string 

theory origin to find 

better stabilizer field

Kahler potential for Kahler moduli shift symmetric at large volume,

KK = � log


i

6

abc(T
a � ¯T a

)(T b � ¯T b
)(T c � ¯T c

)

�

But shift symmetry strongly broken by instantons at small volume!



Use type IIB dual description with D7 brane: 
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Tracing the origin of the stabilizer field

Kahler moduli Complex structure moduli

Kahler potential at small complex structure 

should have the right form, so that one of 

the moduli can be the stabilizer field

Caveat: Very difficult to compute, only few example manifolds known
[Candelas et al. ’91; Berglund et al. ’93; 

Candelas et al. ’93; Hosono et al. ‘94]



First option: Write moduli in Picard-Fuchs basis. EFT will look like
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Pest and Cholera I

K = (�+

¯

�)

2 � log

�
↵+ �|S|2 + �|S|4 + . . .

�

Excellent, no shift symmetry and 

extra mass term
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Pest and Cholera I

K = (�+

¯

�)

2 � log

�
↵+ �|S|2 + �|S|4 + . . .

�

Excellent, no shift symmetry and 

extra mass term

W = �(a+ bS + cS2 + . . . )

Terrible! For generic coefficients, 

inflation impossible



Second option: Write moduli in symplectic integral basis. Obtain

13

Pest and Cholera II

Excellent, very simple coupling for 

inflation
W = aS�



Second option: Write moduli in symplectic integral basis. Obtain

13

Pest and Cholera II

Excellent, very simple coupling for 

inflation

Shift symmetry broken, but no      ... 

W = aS�

K = (�+

¯

�)

2 � log

⇥
↵0 + ↵1(S +

¯S) + ↵2|S|2

+ ↵3(S
2 + S̄2) + ↵4(SS̄

2 + S2S̄) + . . .
⇤

|S|4



The Kahler potential we have used for    is actually a simplification of 

a much more complicated object, 

14

How to save the day

�

K
open

= � log


(Tb, ¯Tb) +

(�1 +
¯

�1)
2

f(Ua) + f( ¯Ua)
+

(�2 +
¯

�2)
2

f(Ua) + f( ¯Ua)
+ . . .

�

Kahler moduli, 

stabilized



The Kahler potential we have used for    is actually a simplification of 

a much more complicated object, 

14

How to save the day

�

inflaton

other open 

string fields

K
open

= � log


(Tb, ¯Tb) +

(�1 +
¯

�1)
2

f(Ua) + f( ¯Ua)
+

(�2 +
¯

�2)
2

f(Ua) + f( ¯Ua)
+ . . .

�

Kahler moduli, 

stabilized



The Kahler potential we have used for    is actually a simplification of 

a much more complicated object, 

14

How to save the day

�

inflaton

other open 

string fields

one of the      is the stabilizer field, 

additional shift-symmetry breaking

Ua

K
open

= � log


(Tb, ¯Tb) +

(�1 +
¯

�1)
2

f(Ua) + f( ¯Ua)
+

(�2 +
¯

�2)
2

f(Ua) + f( ¯Ua)
+ . . .

�

Kahler moduli, 

stabilized



4. Conclusions



Inflation with stabilizer field challenging to realize in string theory 

“D6-brane inflation” fails due to shift symmetry for stabilizer and 

back-reaction of heavy moduli 

Avoid shift symmetry by compactifying in different regime of moduli 

space, in dual type IIB theory with D7-brane

Conclusions

15

Inflation possible with extra ingredients


