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Outline

* Review flux compactifications
 RG-induced moduli stabilization

* Brane anti-brane inflation revamped



Three related questions

e Moduli stabilization
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* De Sitter °

* Inflation




Dine-Seiberg Problem

Dine, Seiberg 1985
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e.g.Loop and a’ corrections in 1IB
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If it has a minimum is generically at s, T of order 1



Quick Overview of Flux compactifications

® Tree-level Kahler potential:

tree
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CcY
® Tree-level superpotential:
W= [GAQU) G =F+iSH,
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®  Flux quantisation:
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Flux Compactifications in lIB String Theory

* S,U,T Moduli Vp = el (KA_;N Dy WDy W — 3|W|2)
Wtree — Wﬁux(Ua S) K’LglKZKj = 3 NO'ScaIe
Vi = e (K" DJWDW) > 0

Fluxes fix S,U but T flat

* Quantum corrections SV o« WESK + WosW

* Three OptiOﬂSZ (i) Wy >ow 0K > oW Perturbative Runaway: Dine-Seiberg problem...?
(i) Wo ~ 6W = Wip.

Fix T-modulus: KKLT
Wy < 1

(iii) 0K ~ WooW

§K ~ 1/V and W ~ e~ Fix T-moduli: LVS

Cascales et al
hen-th/0312051



https://arxiv.org/abs/hep-th/0312051

Challenges to KKLT, LVS,...

Fluxes under control only in SUSY 10D? (Sethi, Kachru-Trivedi, de Alwis et al...)

All SUSY breaking part is 4D EFT. Trust EFT?(Carta, et al, Moritz et al, Kallosh, Gautason

et al, Hamada et al, Kachru et al.)

Higher corrections in LVS? (Cicolietal.)
Antibranes (non Susy, SiﬂgU'ﬂfitY?) (Bena et al, Moritz et al, Cohen-Maldonado et al, Gao et al)

Tadpole problem (Bena et al., Crino et al, Junghans, Xin Gao et al, Vafa et al...)

Consistency with AdS/CFT (de Alwis et al, Conlon et al, Vafa et al....)

Tuning W,<<1? in KKLT (Demirtas et al, Alvarez-Garcia et al, Blumenhagen et al)



RG induced moduli stabilization
An Alternative to KKLT/LVS?

C.P. Burgess + FQ 2202.05344



Logarithmic Corrections and the RG

. k h 1
K(T,T)=—-3InP, with P(r)=r1 [1 = + 372 + 0 (ﬁ)]

But in principle there should be logarithmic dependence at each order
Albrecht et al 2001, Aghababaie et al 2002

.Anmr = Anmr (log ’7‘) Conlon et al 2010, Grimm et al 2015
Weissenbacher 2019, Weigand et al 2019,
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Dine-Seiberg argument implies exponentially large 7 !




Concrete Example:
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SUSY Breaking
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Revisiting Brane Anti-brane Inflation




Recall Brane-Antibrane Inflation

D-B
D-B
* Interactions calculable
/~\ Dvali and Tye 1998
1 T3 -
=275 | 1— 3 V!
V(o) 3 ( 93 M180,Pl¢4> (Z/,
* End by tachyon condensation
Burgess et al 2001 _

e But no slow roll

* No moduli stabilisation

Burgess et al 2001
Dvali et al. 2001
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Recall: Warped D3-D3 Inflation

KKLMMT 2003
NS Fluxes
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Eta problem

W = W(T, ) V= (r—¢)"?
V= K ()~ [T—ch‘b/O+~-]3 :% [1+@+...] g?[H@gﬁ...}, eta problem!

Challenge: Find a W(®) that can implement the fine tuning:
inflection point inflation

Baumann et al 2007-2009



Also: Kallosh-Linde problem

H S m3/2 KKLT
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Non-linear SUSY and Inflation



Recall: Nonlinear SUSY and KKLT

Goldstino superfield X?(z,0) = 0.
Rocek,...,Komargodski, Seiberg,...
X = Xoly) + V260 + F@)66  Xo- 4
KKLT K=-3log(T+T")4+c(T+T"" XX*+ZCC*+---

W = WO =+ Wmatter + Wnp + IOX

Plug into SUGRA expression for V, V=V, 1 + Vs

Vplite = ( (just like KKLT, KKLMMT!)

o(T + T#)+3

. . . F , Kallosh, Linde,... 2013-15
Antibrane uplift from manifestly SUSY EFT! Pimﬁskia@oséus& 2015



Non-Linear SUSY and Inflation

e Supersymmetric gravity but SM broken SUSY (non-linearly realised)
Goldstino superfield: X X?=0

* Inflation mechanism to also reduce the leading contribution to /4
Inflaton (relaxon) superfield: & D(X®)=0 X = XP

* Accidental approximate scale invariance

(7 + ia)

DO —

Dilaton superfield: T T =

Also C.P. Burgess, D. Dineen, FQ 2021



Reconsider Brane-Antibrane Inflation

* RG-induced moduli stabilization

* Non-linear supersymmetry



Low Energy Effective Action
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Inflationary potential

V ~ (Aw%7? — Bwxt+C) /1%

High scale inflationary region Low scale late time minimum



Warped D3-D3 Inflation Reconsidered

* If moduli stabilization is perturbative: No eta problem!

e Coulomb potential from SUSY Nilpotent formalism

B
’LUX:A——

Brane separation as ‘relaxon’!

* Gravitino mass during inflation>>than after (no KL problem!)

* Slow-roll
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Ending inflation

* Higgs field as the tachyon to end inflation?

W =wy+ Xwy with wX:t—‘(I)%—MH\Q
w2 (ot —g)" 2 (o' —g) o AYH[!
Ve T = gt pp 1T
2_2A(, @8
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e Supersymmetric Coulomb potential ?

Also: Aparicio, FQ, Valandro 2015



Conclusions

* Renormalisation group may address Dine-Seiberg problem
* Perturbative moduli stabilization
* Supersymmetric treatment of brane-antibrane inflation (no eta nor KL problems!)

* Many open questions (end of inflation, explicit string models?)



