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Outline

" Generalities: simple, spontaneous. !

" A recipe. An example.!

" Fascinating consequences.



There are many string compactiÞcations

Vacuum distribution? Characteristics of solutions?



dS vacua ( KKLT)

1. Stabilise complex structure moduli and axio-dilaton with #
ISD ßuxes. ÔIntegrate outÕ.!

2. Stabilise KŠhler moduli by non-perturbative and $Õ-e%ects. 
Vacuum: susy AdS.!

3. Add ÔupliftÕ. Vacuum: dS.
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3. Add ÔupliftÕ. Vacuum: dS.

Alternative method:

1. Stabilise complex structure moduli and axio-dilaton with #
approximately  ISD ßuxes.!

2. Stabilise KŠhler moduli by non-perturbative and $Õ-e%ects. 
Vacuum: dS.

[Saltman, Silverstein]

See also:  [Kallosh, Linde, Vercnocke, Wrase], [Achucarro, Ortiz, Sousa], É



Calabi-Yau orientifold compactiÞcations (IIB)
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Fluxes
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Superpotential: W = W0 + Wnp (Ts)

W0 =
!

M3

G3 ^ ! = !N T (S) · !" (ui)

G3 = F3 ! SH3
!N =
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AI G3"
BI

G3

#
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Supersymmetric ßuxes

Supersymmetric G3 is 
(2,1) and primitive. 

[Grana, Polchinski]  
[Giddings, Kachru, Polchinski] 

FS = 0 :

W = 0 :

(1, 2) component = 0

(3, 0) component = 0

(0, 3) component = 0

Fu i = 0 :
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Supersymmetric ßuxes

Supersymmetric G3 is 
(2,1) and primitive. 

[Grana, Polchinski]  
[Giddings, Kachru, Polchinski] 

!! !

W

FS = 0 :

W = 0 :

(1, 2) component = 0

(3, 0) component = 0

(0, 3) component = 0

Fu i = 0 :

FS

!!

!N ⇠ W !⇧! + FS
!⇧ + F ı̄ øDı̄

!⇧! + øZi
S̄Di

!⇧Decomposition:

ZIJ = DI DJ W

ZSS ! 0

Zij ! ! ijk øZk
øS

[Denef, Douglas]  
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AdS vacua in L VS

1. Stabilise complex structure moduli and axio-dilaton with #
(2,1) and (0,3) ßuxes.

!! ! !!

FS = 0

W0 ~ O(1). #

ZiS ~ O(1).#

FI = 0.

No-scale:

m2
I ± = eK (! I ± |W0|)2

V ⇠ eKFI F̄ I + O(! ! , |Wnp|)

! 2
I ⇠ Eig(ZIK øZ K

øJ )



AdS vacua in L VS

2. Stabilise KŠhler moduli by non-perturbative and $ Õ-e%ects.

VLVS =
a

V3 !
! N small

s=1 bsxse! x s

V2 +

! N small
s=1 cs

"
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Flux-induced supersymmetry breaking

V ! VLVS +
FI øF I

V2

FI = ! W f I ! = O(V! 1/ 2
min )Ansatz:



Flux-induced supersymmetry breaking

V ! VLVS +
FI øF I

V2

FI = ! W f I ! = O(V! 1/ 2
min )Ansatz:

!! ! !!
W0 ~ O(1). #

ZiS ~ O(1).#

FS = Fu = O(!W).

FS = !W f S
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Critical point equations:

To leading order:

! I V = 0

øF J ZIJ = ! øW FI

Consequences: Not all Ôred dot ßuxesÕ are critical points.

m2
1± = eK (! 1 ± |W |)2 =

!
4m2

3/ 2

0

To sub-leading order:

m2
1! = ! eK Re

!
DI (ZJK ) øf I øf J øf K W

"
! ! m2

3/2

Positive by tuning of phase



LVS de Sitter vacua
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LVS de Sitter vacua

V

V
Vmin ! +

1

V3

V =
÷a

V3 !
!

s
÷bsxse! x s ! ! 2|W |2

V2 +

!
s ÷cs

"
xse! 2x s

V

function1(xs) ! ! 2 Vmin ! function2(xs)

m2
V > 0V > 0

Constraint:

Solvable by moderate tuning of !



1. Fix point in moduli space; compute  !

2. Choose ZiS and turn on (2,1) ßuxes:!

3. Solve:                                Set W0 = "  by ßux along !

4. Rescale ßuxes to Þt tadpole; estimate magnitude of ÔupliftÕ.!

5. Turn on ßuxes along                 to Þx !

6. Minimise V(Ta, ui, S) to Þnd metastable dS vacuum.

dS recipe ( with continuous ßuxes)

{~⇧, ~⇧! , Di ~⇧, øDøi
~⇧! } .

v! I ZIJ = �! ! vJ . ~! ⇤.

!! , øD ī
!! ! FI = !W vI .

!N ! øZ i
øSDi !!



Explicit example: CP1,1,1,6,9

Complex structure: h1,2 = 272           2.  

F = ! 3
2 (u1)3 ! 3

2 (u1)2u2 ! 1
2 u1(u2)2 + 9

4 (u1)2 + 3
2 u1u2 + 17

4 u1 + 3
2 u2 ! i⇣(3) 135

4⇡3 .

KŠhler: h1,1 = 2.  

V =
1

9
!

2
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" i
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" i
Ts " øTs

2

# 3/ 2
$

.

Non-perturbative e%ects: Wnp = As ei as Ts

As = 1 as = 2!
10



Explicit example: CP1,1,1,6,9

Final ßuxes: ~f !
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!" ! !"

!" ! !#

!" ! $

!" ! %

m2
3/2

m2
3± m2

T s

m2
1+

m2
1!
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2±

m2
Im( T b )

m2



Soft terms

Branes @ singularities:

fSM = c1S + c2TSM

Ts1

Ts2

TSM

(FTSM = 0)

[Thanks to Michele for discussion]



Soft terms

Branes @ singularities:

fSM = c1S + c2TSM

M 1/ 2 =
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eK/ 2 øF A ! A f !
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Soft terms

Branes @ singularities:

fSM = c1S + c2TSM

K = ÷K ! ø! C ø! øC! + . . . K ! !̄ ⇠ eK/ 3h(! )Matter metric:

M 1/ 2 =
1

2Im(f)
eK/ 2 øF A ! A f !

m3/ 2

V1/ 2
min

Gaugino masses:

Soft masses:

m2
! = m2

3/ 2 ! eK øF A F
øB ! 2

A øB log( ÷K ! ø! ) "
m2

3/ 2

Vmin

!
! ø! h!

h!
!

! h!
ø! h!

h2
!

"
" M 2

1/ 2

Ts1

Ts2

TSM

(FTSM = 0)

[Thanks to Michele for discussion]



Fascinating consequences

1. No superpartners at LHC.!

2. No WIMP dark matter.

Consequences:

Cosmological moduli problem: Trh ! 4 MeV

No sequestering

mV ! M 1/ 2 ! msoft ! m 3/ 2

V 1/ 2 ! 50 TeV



Fascinating consequences

1. No superpartners at LHC.!

2. No WIMP dark matter.

Consequences:

Cosmological moduli problem: Trh ! 4 MeV

Thanks!

No sequestering

mV ! M 1/ 2 ! msoft ! m 3/ 2

V 1/ 2 ! 50 TeV


