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Motivation

— Moduli stabilization:

- fluxes enough (for geometric
moduli)

- fluxes non-pert. (4 pert.)
effects

Obtain AdS vacua

Lift to dS:
— anti-D3: explicit susy breaking...
— D-terms: hard to implement...
— use MDSB sector!

- need SU(3) str. manifolds
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— MDSB:

° want spontaneous SB

Dynamical effects — natural hierachy
btw fund. and SB scales

DSB: very hard to find examples with-
out global susy vacua

o hep-th/0602239 (ISS)

Non-zero Witten index — not a problem
Many examples, even SQCD!

Use Seiberg dual: dynam. — tree-level

Approx. ISS by O'Raifeartaigh model

— Kallosh-Linde: O'KKLT model

— 2 exp: reconcile standard inflation



— Finite temperature:

Relevant for Early Universe

hep-th/0610334, hep-th/0611018:
Phase str. of ISS model at finite T

— start from a min. of Vp
— T'|: phase transition
— roll towards a min. of V

=
What about KKLT with MDSB uplifting?

Phase structure of O'KKLT?
— T # 0: runaway or not?

— phase transitions?
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O'KKLT model

— Basic ingredients:

KKLT with O'Raifeartaigh uplifting

W:WO’_l_WKKLTa KZKO""KKKLT
o
WrkLr = Wo + Ae™ 4 Be~tr

Kgxrr = —3In(p+p)

heavy ¢ > integrated out:
W,; = mo1¢o + AS¢? — 28 —

— 3\ 2
Wor = —p2S, Ko =85-159

pw, N\ <<'1
2"d term in K 1-loop cor. for |S|<< 1
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— Minima:
Vo = e (KA D ,wDpW - 3|W?)
Imp=0,ImS=0 ; Rep=o0, ReS=s

oVy(o, s)
0s

Vo = V{9 + viVs 4 v{2s2 4 0(s3)

=0 — Vpy(o): complicated!

1 exp: 1 AdS minimum

2 exp: 2 AdS minima

AdS — dS

1 exp: dS vac. with small Vy,
only if |Wy| ~ u?

2 exp: no constraint



Field theory at finite T

— V4 (thermal equilibrium)
Vegr - quantum analogue of Vipee

Jackiw: functional methods derivation (at
T = 0; Dolan-Jackiw: T # 0)

L), {x!} - set of fields

shift: xI — ¥ ++f, %! - const. bkgr.

~ 2T4 7
Vit = - 7T90 (gb t §gf>

T2
+ 5, TrMZ43TrMZ+TrM7 |+,

— high temperature expansion



— T, for a phase transition:

1st order
Veff
X
2nd order
Veff
v o
s T T=Tc
N T<Te
X¢ X

ond order: Vi (Re, Te) = 0, VVip(Xe, Te) = 0

2
84V, _o o v 0
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O'KKLT at finite T

Binetruy-Gaillard: generalized DJ for coupling
to SUGRA

G=K+In|W[2, Vp=e%(KABG,Gp-3)
TrM7 = (e |[KAPK“PRycRpp - 2),

Rac =VAGe +GaGe, GaA=_—

_ 62‘/0
TrMbQ — 2<KABaXA8>—<B>’ A= {pa S}

(p) =(p) =0, (S)=(S)=-s
Ve = VA + v s + V252 4 0(s3)

Solutions of for finite p7
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— One exponential:

avo)
T (%) _ 4 is of form |
Oo

F'(x) - ratio of polynomials and other exps

Analytic solutions unknown!
In principle, need numerical methods...
BUT,

Method:
Use ns[e? = F(z)] < 14ns[e® = F/(2)],
ns[Fq.] - number of solutions of Ejq.

Recursion until reach a simple equation
Check that it does not have solutions

Essential that |[Wy| ~ p?

11



— Two exponentials:
Numerical cons. — 4 finite-p min.
Essential parameters: B, Wy, u, A\, b/a

Define : VO,T(U) — VoyT(w)

B W X 104 xc(i%) :B(T) :131(40629

min

—1.040| —-0.76 |4.88|5.62| 7.84

—1.036 —1.1 4.50]5.25 | 7.40
—-1.032| —-1.64 |4.11|4.83|6.92
—1.028 —2.4 3.73|4.44 | 6.44

—-1.024| —-3.533 |3.34|4.04 | 6.00
—1.020| —-5.21 |2.96|3.64|5.52
—1.016| —7.67 |2.55|3.20|5.02

Can choose a, so that o459 ~ O(100)

Note:
Discrete changes of sets of param.,

Impl. for Weinberg's argument?...
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Original goal:
— start from Vp min.

— roll towards dS or AdS min. of V57

However, always find 7. ~ 0.1Mp

But SUGRA approx. good for T'<< Mp

VT << Mp system is in T'=0 dS min.

O'KKLT: early Universe after inflation
- At end of inflation: T'=20

- Exit: reheating to some finite T

Reheating doesn’'t destab. dS vacuum!
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— One exponential revisited:
(recall: |[Wy| = p?)

Extrema of V,rr at T 70 det. by Vp?

Not always:

V7| ( 1 > ) T2
— ~ (O(1l) —= O(1l)x —
xggs - determined by p; w, N\ << 1

Largest u — x49~O10); wpl — x497

o x g ~ O(10)
Vo dS min. persists for T'< A

o zg ~ O(103)
Vo dS min. persists for T < a;gsl

In general: T. << Mp, T >T1¢: runaway
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Summary

— O'KKLT at finite T
o 1 exp: Vp(p) - runaway
e 2 cxp: dJfinite-p min. of Vp

e dS min. of Vj:
— 2 exp: Not destab. by therm. cor.
— 1 exp: dT-<<Mp; T>T: -runaway

— Open issues:
e Understand discrete param. values
e Dynamical (non-equil.) effects
e Phase structure of LVC (BBCQ)

e Non-geometric compact. (BBVW)
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