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1. Introduction: De Sitter vacua in type |IB
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Motivation: Construct explicit de Sitter vacua in type
lIB/F-theory

Cosmology:
» Acceleration of the universe on large scales is observed.
» Simplest explanation: dS space with small cosmological constant.

The setup we use:
» Non-perturbative effects W = A; e~
[Kachru,Kallosh,Linde, Trivedi '03]
» Leading o/-corr. to the Kihler pot. K = —2In(V(T;) + o’3¢(7))
[Becker,Becker,Haack,Louis '02]

ai T;

» Quantized RR and NS-NS fluxes /F3,H3 e

= SUSY vacua for the U, and 7 [Giddings,Kachru,Polchinski '01]
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Moduli stabilization in the large volume limit
N =1, 4D effective potential:
V = ek (KQBDawoﬁw 3 WF)

For é’<< V this is to O-th order the positive semi-definite potential
[Balasubramanian,Berglund,Conlon,Quevedo’05],[Westphal, MR'11]

)

Vi = X (KT* D, Wo|? + K®D, W, Dy WO) +O(

|y

due to no-scale structure [Cremmer,Ferrara,Kounnas,Nanopoulos'83]

» Every SUSY extremum for the 7, U, is a minimum for ¥V > £!

» Separation of scales =- Stabilize U, first!
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2. The complex structure moduli of CP11169[18]

CPra160 : (X1, X2, X3, X4, X5) ~ (Ax1, Ax2, Axz, \oxq, A%xs)
eg P+ 4+ x38 43+ =0 (At =2and Kl =272)
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Complex structure moduli stabilization of CIP11169[18] (1)
Need to find f:/F3€Zand hz/HgEZWith

D,W =0,a=1,.., h*! = 272 [Giddings,Kachru,Polchinski'01]
Effective theory completely determined by A/ = 2 prepotential:

G(Ur,... Uppa) = D ULV, + & + Ginstanton(e 2™V, o727 Ui21)
i+j<3
> WO — /(F3 — TH3) A Q(Ua) = (f — Th) . (gUa, Ua) [Gukov,Vafa,Witten'00]

> Kes = —In [i(UsGu, — UsGu,)]

ginstanton

» Large complex structure limit: <e€ics

cubic
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Complex structure moduli stabilization of CP11149[18] (I1)

v

Discrete symmetry Zg x Zqg: U,,a=1,.. h>! =2 and

> Hinv.

U,,a=3,..,272 [Greene,Plesser'89], [Candelas,Font,Katz,Morrison'94]

Switch on flux only on h|2n’\} = 2 [Giryavets,Kachru, Tripathy, Trivedi '03]

v

v

Symmetry = Dy Wo =0 at U,=0fora=3,...,272

v

= Only need to solve D,W|g _, =0 for ¢ =7,U1, U,

v

= V ~ |D,W|? ensures stable minimum for all 272 U, in the large
volume limit!
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3. Scanning all vacua with paramotopy
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Paramotopy

see e.g. [Li '03], [Sommese,Wampler '05]

Have to solve polynomial system P(x) = (p1(x),- .., pm(x))" = 0 with

x= (X1, xm)"
m

» Maximal number of isolated solutions in C™: Hd,-, with d; the
i=1
degree of the ith polynomial. (Classical Bézout bound)

» Construct homotopy H(x, t) = (1 — t)Q(x) + t P(x), with
eg. Q(x) = (xfl —1,..., x9m _ 1) = Easy to solve.

» Follow paths H(x,t) =0 for 0 < t <1 for all solutions to Q(x) =0

= Will find all solutions to P(x) = 0
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The scan

Use to solve DyW(f) = 0 for all fluxes f with L ~ f2 < Lyax
[Martinez-Pedrera,Mehta, Westphal, MR '12]

ar+ b

» The 10D IIB action is SL(2,Z) invariant: 7 — ,
cT +d

G
G3=F—-TH; — 3d with a,b,c,d €Z, ad — bc =1

CcT +

» Make sure to only consider physically inequivalent configurations!

» Our scan: ~ 50.000 parameter points (L < 35).
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Scan results: The limit of large complex structure
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Scan results: 7 =0 + is and W,

1 1
» SL(2,Z) fundamental domain: ~5 < Re(7) < 5 and |7] > 1

» Transformations: 7 — 7+ b, G3 — Gz and 7 — —1/7, G3 — G3/T
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Scan results: Mass scales
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Scan results: Number of vacua N, ..

3
. SR (27;“ / det(—R —1-w)

~0.03 3
[Ashok,Douglas'04],[Denef,Douglas, Florea’'04]

> Nyac ~ (0.50 & 0.04) [ >94+0.03
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Scan results: Tuning of the cosmological constant

. ’”g/z
» Untuned cosmological constant (cc): A ~ 5

AN Am C
» Spacing in cc: N 2 3/2

YT
ms /> L2 (hge +1)

AN :
» Fit, Extrapolate = = (6.0 & 0.3) [ ~(0-9540:005) (hGi +1)
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4. Kahler uplifted de Sitter vacua
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Uplifting to de Sitter

Wy < 1, o’-correction Wy # 0, o’-correction
negligible [KKLT '03] [Balasubramanian,Berglund '05]
Vo> € V>> {
Wo arbritrary/ \ O(1 - 100)
LVS [Balasubramanian, Kahler uplifting
KKLT Berglund,Conlon,Quevedo '05]  [Westphal '06]
» D3 branes » D3 branes » F-terms from
» F-terms from » D-terms K/ahler moduli +-
matter fields [Burgess,Kallosh,Quevedo'03, o -correction
[Lebedev,Nilles,Ratz'06] Haack, Krefl, Liist,Van sufficient for dS
» F-terms from Proyen,Zagermann’06]
metastable vacua in » [Cicoli,Krippendorf,Mayrhofer,Quevedo,Valandro'12]
gauge theories F-terms from dilaton dep. non-pert. effects
[Intriligator,Seiberg,Shih'07] [Cicoli,Maharana,Quevedo,Burgess'12]
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Kahler moduli: Constraints on a consistent global model

» Contribution of gaugino condensation to the superpotential, A # 0:
» Rigid divisor? [Witten'96]
» Can it be 'rigidified’ by gauge flux F7 [Martucci'06,

Bianchi, Collinucci,Martucci'11]
» Swiss-cheese?

» N; > 1 enforces factorization of D7 brane equation in coordinates
uj 75 U1 [Cicoli,Mayrhofer,Valandro'11]?

» Flux: Freed-Witten anomalies?[Minasian,Moore’'96, Freed,Witten'97]

» Chiral matter at brane intersections that might destroy A = 0
[Blumenhagen,Moster, Plauschinn’08]?

» Stabilization inside the Kahler cone?
> D3 tadpole: QP77Rks 1 QO7 = Q7 4 QRRNo-NS . @P3~branes 7
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Kahler uplifted de Sitter vacua (I)

Global model for Kahler moduli stabilization in a de Sitter vacuum on
CP11169[18] via non-perturbative effects: [Louis,Valandro,Westphal, MR '12]

V= K <KT,-T,- (W, Wr, + Wr, - WKT] + 3 §2 +A7§})—i— 1{2 |W|2>
(V= +2V)?
Numerically: Stable de Sitter solutions for A;, Ay ~ 1
-W,
3.0
25
2.0
15
1.0 S

05

T B S S R B

Explicit complex structure moduli stab. in [IB flux compactifications =~ Markus Rummel 20/23



Kahler uplifted de Sitter vacua (II)
Parametrize missing knowledge of A1, A> by AA with scaling relations:

Wo — Wo-AA, Al = Ar-AA, Ay = Ay-AA =V — V. AA?

' 147
6 125
©> 105 -
84 — i
g = 8
33 ~ 6
f .
2 4l -
1 ’—1 2 .
[ S— 0
2 4 6 8 10 5 10 15 20
AA S

(Uplifting can be applied in the shaded region for AA = 4)
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5. Conclusions
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Conclusions

» All solutions to polynomial equations can be found using Paramotopy
(highly parallelizable! = 3000 days on 3000 cores = 1 day!)

» =-All flux vacua of reduced moduli space have been constructed for
given D3-tadpole (L = 35) in the large complex structure limit

> g <1and Wy ~ O(10 — 103) are preferred in our solutions

» Nyac and AA/N ~ 107100 for hgféfl =40 and L = 500 consistent
with semi-analytical predictions [Ashok,Douglas'04],[Denef,Douglas,Florea’04]

» Consistent global model of Kahler uplifting on CP11169[18]
=~ 10~* flux vacua can be uplifted
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