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A NEW CLASS OF DE SITTER VACUA

IN TYPE |IB LARGE VOLUME COMPACTIFICATIONS
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Some formulas simpliPed.



Outline

" Generalities: :

" Arecipe. An example.!

Fascinating consequences.



There are many string compactibcations
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Vacuum distribution? Characteristics of solutions?



dS vacua ( KKLT)

1. Stabilise complex structure moduli and axio-dilaton with #
1SD [Buxes. Olntegrate outO.!

2. Stabilise KShler moduli by non-perturbative and $0-e%ects.
Vacuum: susy AdS.!

3. Add OupliftO. VacuuniS.



dS vacua ( KKLT)
1. Stabilise complex structure moduli and axio-dilaton with #
ISD Ruxes. Olntegrate outO.!

2. Stabilise KShler moduli by non-perturbative and $0-e%ects.
Vacuum: susy AdS.!

3. Add OupliftO. VacuuniS.

Alternative method:

1. Stabilise complex structure moduli and axio-dilaton with #
approximately ISD (3uxes.!

2. Stabilise KShler moduli by non-perturbative and $O0-e%ects.
Vacuum: ds.

[Saltman, Silverstein]

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



Calabi-Yau orientifold compactibcations (lIB)

d=4, N =1 supergravity:
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Calabi-Yau orientifold compactibcations (lIB)

d=4, N =1 supergravity:
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g I\I!small ;
Swiss-cheese: V = (!big..bug)fl (1"5)3

s=1



Calabi-Yau orientifold compactibcations (lIB)

d=4, N =1 supergravity:

H 3> o 2 ,
K:!Zlnv+!_!i8!g ””!Oi(Slg) | In il
2 2
_ ; I\I!small ;
Swiss-cheese: V = (pig"?9)2 | (1"5)3
s=1
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Fluxes

Fy= Ngg ! Z2h+D)
Al B,
Hy = Nsns ! 220D
Al B,
|
Hg! F3: — ND3# L!
M 24




Fluxes

Fa= Ngg ! Z&M D)
Al B,
Ha = Nysns | 227D
Al B,
|
|\/|3H3! F3 ﬂ Np3z # L,
Superpotential: W = Wy + Wp, (Ts)
W = Gs Al = NT(S)-* (u?)
M3
" GS
Gz = F3! SHj N = 2:63




Supersymmetric [3uxes

Foi =0 : (1, 2) component=0
Supersymmetric Gz Is

Fs=0: (3, 0)component=0 (2,1) and primitive.
W =0: (0, 3)component=0 (Giddings, K[efﬁﬁapffc';ﬁmiﬁ']



Supersymmetric 3uxes

Foi =0 : (1, 2) component=0
Supersymmetric Gz Is
Fs =0 (3, 0)component=0 (2,1) and primitive.

— . . [Grana, Polchinski]
W 0: (O’ 3) Component =0 [Giddings, Kachru, Polchinski]

Decomposition: N ~ WIT' + Fsll+ FPBAT + gigDiH

Sriniiiiiiiiah
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Supersymmetric 3uxes

Foi =0 : (1, 2) component=0
Supersymmetric Gz Is
Fs =0 (3, 0)component=0 (2,1) and primitive.

— . . [Grana, Polchinski]
W 0: (O’ 3) Component =0 [Giddings, Kachru, Polchinski]

Decomposition: N ~ WIT' + Fsll+ FPBAT + gigDiH
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AdS vacua in L VS

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



AdS vacua in L VS

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

: : Wo ~ Q1) #
of Zis ~ QL)#
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AdS vacua in L VS

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

® o o 0 o o o o
® © o 0 o o o o
o & o 06 © o o o Wo ql) #
I 'o\e o o o _of Lis ~ CX1).#
" e \e o T o E =0
o ° o
o o o
o
FS =0

No-scale: V ~ el F;F! + O(! g W)

m



AdS vacua in L VS

2. Stabilise KShler moduli by non-perturbative and $ O-e%ects.

B a | : Nsmall bSXS ' glzs]r_nall Cs X_Se! 2X g
Vivs = V3 VZ + Y,
Vivs
Viin | CU_sfixs
: —->
V
o \/
min - \/3 T
Vmin



Flux-induced supersymmetry breaking

Ansatz: F = TW f, | = O(V! ir11/ 2)

m



Flux-induced supersymmetry breaking

=
V1 Vs + Iv2
Ansatz Fp = TW, = O(V.Y?)
° o Wo ~ Q). #
Zis ~ Q(L).#
Fs = Fu = QIW).

Fs = Wfs



Critical point equations: |,V =0

To leading order: B z,; = | WF,



Critical point equations: |,V =0

To leading order: BY z,; = | WF,

Consequences:  Not all Ored dot RuxesO are critical points



Critical point equations: |,V =0

To leading order: BY z,; = | WF,

Consequences:  Not all Ored dot RuxesO are critical points

4ms, ,
0

m3, = & (11 + W2 =




Critical point equations: |,V =0

To leading order: BY z,; = | WF,

Consequences:  Not all Ored dot RuxesO are critical points

4m4
m%i :eK(!lii‘W‘)zz 0 3z
To sub-leading order:
m3, =!e" Re D;(Z,x)@@*W | Img,

Positive by tuning of phase



LVS de Sitter vacua

V = EI | sﬁSXSe! % !Z‘W‘2+- s &s Xs€ °Xs
V3 \VL V



LVS de Sitter vacua

V= o

V3

Vmin ! + ==




LVS de Sitter vacua

v B sBXse X@’ S8 Xs€ 7
V3 Z V

V 4

R &

\'/ T’

Constraint:  functiony(Xs) ! 1% Vmin ! function,(xs)

V >0 my > C

Solvable by moderate tuning of !



dS recipe ( with continuous [3uxes)

1. Fix point in moduli space; compute YII,IT', DiII, Bell' } .

2. Choose Zis and turn on (2,1) Buxes:!N | 2 ,D;!

3. Solve: v''Z; = —1'y;. Set\Wo=" by RBux along ! *.

4. Rescale Ruxes to btiadpole; estimate magnitude of QipliftO.!
5. Turn on Buxes along !, B! ' tobx F| = Wy, .

6. Minimise V(T?, U, S)to bnd metastable dS vacuum.



Explicit example: CP11.16,9

Complex structure: ht2 =272 — 2.

F=13h’! 2uh)?u! sut(us)®+ 2(uh)°+ Sutu®+ LLut + 2u !l i((3)

KShler:htl =2,
1 Tbig 0 'ﬂbig t+ 3/ 2 TS ™ _pS'H'S/ZY
V= v o
9 2 2 '

Non-perturbative e%ects: Wpp = Ag€as's

135
43 -



Explicit example: CP11.16,9

Apply recipe @ S=ul=u?=2i.

e

0 o 0.114;
. 694 % » 0 ¢

Final Buxes: f! « . igg» AN 8 %
#  4.60 # " 137

10.4 1.88



Explicit example: CP11.16,9

Apply recipe @ S=ul=u?=2i.

e

0 y o 0.114;
. 6.94 3 .0 y
Final Buxes: f! « . igg AN 8 %
# 460 # " 137
10.4 1.88

Solution: Os =1/2 s =10
V = 11300

V =+10"'1



Explicit example: CP11.16,9

Apply recipe @ S=ul=u?=2i.
o

6.94
nal R A "17.7‘/)
Final [Suxes: " w408
#  4.60
10.4

RRSSS

Solution: Os=1/2 g
V =1130C

V =+10"*°




Soft terms

Branes @ singularities:

fsm = C1S + C2Tsm (Frsw =0)

[Thanks to Michele for discussion]



Soft terms

Branes @ singularities:

fsm = C1S + C2Tsm (Frsw =0)
. 1 M3/ 2
© My, = e/ 2R L f
Gaugino masses 2= S A ik

[Thanks to Michele for discussion]



Soft terms

Branes @ singularities:

fsm = C1S + C2Tsm (Frsw =0)
- . _ 1 koA, ¢y Maz
Gaugino masses: My, = 2Im(f)e A Af ! Vi
Matter metric: K = K, 4C?@" + ... Ky~ €Y 3,

[Thanks to Michele for discussion]



Soft terms

Branes @ singularities:

fsm = C1S + C2Tsm (Frsw =0)
: . — 1 K/ 2 A
Gaugino masses: My, = 2Im(f)e gy

Matter metric: K = K, ,C?@& + ...

Soft masses:

af!

mZ = m3,! PAFP12 log(K p) "

M3z, 2
/2
Vr%]in
Kir ~eY 3h(! )
! %! | h! %!
h | h|2 Mf/Z

[Thanks to Michele for discussion]



Fascinating consequences

Cosmological moduli problem: T4 ! 4 MeV
3/ 2
my ! Myo! Mgt ! 5 !
No sequestering

Conseguences:

1. No superpartners at LHC.!

2. No WIMP dark matter.



Fascinating consequences

Cosmological moduli problem: T4 ! 4 MeV
3/ 2
my ! Myo! Mgt ! 5 !
No sequestering

Conseguences:

1. No superpartners at LHC.!

2. No WIMP dark matter.

Thanks!



