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Motivation
• Before summer, thought constructions ~settled
• Curious why so difficult, why disagreement
• Part of problem “many moving parts”

– No one has full 10d Lagrangian

• But will argue in this talk part of problem a relevant 
field mostly left out
– Field is radion associated with throat
– Will show how it can help resolve some controversies

• Will argue:
– Construction clever and in principle should work
– Some inconsistencies can be resolved
– But there is indeed an instability unless √gsM<~7

• Bena, Dudas, Grana, Luest, Blumenhagen, Klawer Schlechter

– Independently found similar field and issue in 5d eft



Outline

• KKLT as a 5d theory
• Goldberger-Wise Mechanism for stabilizing 2 branes, 

– GW field, and radion

• How it resolves (at least) one issue with uplift
– Review “bent branes”/KR
– Consistency with apparently differet 4d geometries on UV, IR 

boundaries (CY and conifold end)

• Also sheds insight into “conifold destabilization”
• 5d EFT radion IS conifold deformation parameter

– Potential of the right form

• Destabilization for too small gsM2 is destabilization of 5d 
eft; leads to runaway of IR brane
– Independent from volume modulus metastability
– Another light field that has mostly been ignored

• Some interesting supersymmetry breaking implications



5d EFT for KKLT

• 5d Klebanov-Strassler Geometry
• AdS5 but with “running Neff”

– NUV=MK;  NIR=M

• CY space serves as UV boundary
• Conifold deformation ends space on 

IR boundary
– (negative tension)

• Hierarchy from e-2 Π K/Mgs



Boundary conditions
• Original construction Minkowski

• With gaugino condensate, AdS4 UV 
boundary

• Consistent construction would “slice” 
with AdS4

• IR boundary would have to be 
consistent for time-independent 
solution



“Bent Brane”/KR Review



Uplift

• Add antiD3brane
• Net energy density adds to zero (really a 

little positive)
• But without backreaction slicing would be 

inconsistent in bulk
– AdS4 in UV, a different AdS4 in IR!

• How to resolve?
• Clearly need a backreaction of some sort

– Associated with stabilized geometry
– Can absorb and transfer energy

• In 5d parlance, Goldberger-Wise Mechanism



GW Review



Dual Interpretation

• GW field an almost marginal operator
• Conformal dimension slightly 

deviating from 4
• Net potential 

• Can be running coupling for example
• Gets strong in IR



Need  a GW field, also a 
radion

Change in radion:

Really, point is near minimum we can redefine radion so it is 
localized in IR
Shift is from ϵ-dependent exponential of physical field



Can identify GW field

From a dual perspective, you really have a running 
coupling
Explicit breaking conformal invariance from 
running
Spontaneous breaking at IR brane position

We can explicitly identify running in KKLT



Potential Other Problem/
Conifold Instability

• Can now identify radion in KKLT too
• But first let’s consider the “conifold 

instability”
• See Luest, Grana talks as well
• S: Conifold deformation parameter



Potential Instability: Add 
antibrane

• Add antibrane potential
• Note general form helps to identify 

maximum perturbation



Potential for S



Massive Scalar: S~Φ3



Radion/Conifold Deformation 
Parameter

• We identify based on its effect on metric
• And its potential
• S~Φ3 where Φ is the radion in GW 

potential
• This means checking for stability of RS 

type geometry is checking for  stability 
wrt conifold deformation parameter!

• Exactly what Bena, Dudas, Grana, Luest; 
Blumenhagen, Klaewer Shlechter did



Aside

• Bena et al called state modulus that becomes 
nonnormalizable in decompactification limit

• Radion is in fact IR localized state that 
survives decompactification limit

• Just c’ term; gives correct behavior of 
potentials

• Important later for supersymmetry



Runaway radion if too big a 
perturbation

• Two important consequences if bound 
satisfied
– Hierarchy limited (KM/gsM2)<~5 for known manifolds
– Cosmological phase transition won’t complete

• Cremenelli, Nicolis, Rattazzi//Hassanain, March-Russell, 
Schellvinger



Real potential instability

• Need largish gsM2

• But then hierarchy problematic
– K/Mgs~KM/M2gs

– KM bounded in a given geometry

• Another problem
– Cosmological phase transition for RS like geometries
– High temperature AdS/Schwarschild
– Need to evolve to RS
– Upper bound on M2~21 for this geometry
– Inconsistent



Implication

• KKLT clever way to avoid issues of 
stabilizing moduli and exploiting 
supersymmetry to control solution

• But for known manifolds, the net flux 
isn’t big enough to trust the 
approximations

• Even if better ones found the issue of 
the cosmological phase transition 
has to be addressed



On the other hand

• New manifolds, new ideas on cosmology quite 
possible

• In any case a very interesting class of 
constructions for susy breaking

• Naturally (almost) sequestered
• With warping allows for interesting hierarchies

– Usually anomaly-mediation all masses~β m3/2

– Here can be warped in addition 
• If susy breaking leaves preserved essential global 

symmetries



Supersymmetry Breaking

• Mostly Anomaly-
Mediation/sequestered

• Also volume modulus
• F~Fχ/(σ a)~β g2 Fχ

– Of size of anomaly mediation

• Also radion develops F term
• Allows for uplift as discussed earlier



Radion F term



Conclude

• Controversy actually interesting
• Where there’s smoke there’s fire
• Interesting physics buried in (some of) the 

disagreements
• In particular role of radion cannot be neglected
• Helps for consistency
• Also demonstrates potential instability
• Not necessarily an impossible barrier, but we still 

don’t have completely perturbative trustworthy 
string construction for de Sitter space
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