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Motivation
• Is existence of string theory realizations of de Sitter 

space ~settled?
– Notoriously difficult

– After 20 years not entirely clear

– Key question for string theory, and de Sitter space theory

• KKLT paradigm proposed construction
– Questions because of  “many moving parts”

– No one has full Lagrangian

– Hard to explicitly construct the 10d model of de Sitter 
space

• Yet exist compelling probe approximation and 
effective 4d theory arguments



• One issue that others and I raised  is that a 
relevant (and light) field ignored
– Field is “radion” associated with throat

• For explicit constructions was conifold deformation 
parameter

– Was neglected in most earlier analyses

• Seemed ot lead to an instability for √gsM>~7 (in 
presence of antibrane)

• Bena, Dudas, Grana, Luest, Blumenhagen, Klawer Schlechter
independently found related instability

– Could do effective 5d theory and identify origin and 
meaning of instability

• Destabilization for too small gsM
2

– M related to flux 

– leads to runaway of IR brane

– Independent of volume modulus metastability



New Work

• This talk (based on recent work with S Lust)

– Effective potentials in warped compactifications
more subtle

– Need to take account of constraints

– Significant change in IR of throat

– Related to light KK modes in IR, even of the 
stabilized Kahler moduli



Outline: New Work

• Turns out effective theories for warped 
compactifications much more subtle

• Need to impose metric constraints

• Low energy potential construction  requires 
understanding full metric

• Qualitative change of potential behavior

• IN IR!



Big Lesson

• Kahler moduli stabilized

• But in warped geometries their KK modes are 
still light

• Comparable in mass to conifold deformation 
parameter

• Runaway behavior goes away



Outline

• Introduce KKLT: way of finding 
perturbative/manageable loophole

• Review
– “conifold destabilization”

– 5d EFT radion IS conifold deformation parameter

– Seemed uplift destabilizes conifold (radion) if M
too small--Really a runaway radion

• Show why EFT must be modified
– And how it resolves issue



KKLT: 
Construction of de Sitter

• 10d Calabi-Yau /F-theory construction

– Fluxes stabilize all complex structure moduli

– But Kahler (volume) modulus σ remains 
undetermined

• KKLT resolution

– Step 1: Break no-scale structure with 
nonperturbative gauge contributions to stabilize 
Kahler modulus at large volume

• Yields AdS4 as low-energy theory

• Uplift energy
– Anti D3 brane; but in warped geometry (KS throat)

• Suppresses uplift



Warped Geometry (String Theory)
(Kachru, Polchinski, Verlinde)

• Cartoon: RS warped AdS throat glued onto CY

• CY acts as UV brane

• But Klebanov-Strassler AdS space
– Constantly changing (increasing) AdS curvature

– AdS5 but with “running Neff”
• NUV=MK;  NIR= M; hierarchy from e-2 Π K/Mg

s

• Caps off at a critical length

• Conifold deformation region is “IR brane”

• KPV paper: 4d Mink space as low-energy EFT



Potential Issue
• Slicing needs consistent UV and IR boundary conditions

– Or additional space-dependent energy in bulk
• If all heavy fields integrated out (and ignored) you don’t get a 

consistent geometry
• Need uplift energy to be present in UV

– Otherwise you are assuing UV source already 
• No need for throat

– Consistency requires means for transferring energy
• Whatever stabilizes system plays this role
• How to resolve?
• Clearly need a backreaction of some sort

– Associated with stabilized geometry
– Can absorb and transfer energy

• In 5d language, Goldberger-Wise Mechanism!



Note: 10d 
• Full construction too hard

– Branes and antibranes

– Many moduli fields

– Which to keep?

• From 4d perspective perfectly fine
– But is the underlying framework consistent and stable?

• We will grant ALL KKLT assumptions
– String elements assumed possible

• Can construct 5d theory that has many of the 
essential features

– Necessary preliminary for consistency of theory

– Points to what we need to keep in 10d construction

• And show still a potential instability



5d EFT

5d theory has all ingredients to probe consistency and stability of the 
gravity construction

I. Warping: 5d Klebanov-Strassler Geometry
– AdS5 but with “running Neff”

II. Hierarchy from e-2 Π K/Mg
s

III. CY space serves as UV AdS boundary
IV. Conifold deformation ends space on IR boundary

– (negative tension) Note has to be different AdS

V. Can construct full toy model 
Including stabilization mechanism
Important but omitted 

So let’s study essential 5d ingredients: bent branes on boundary 
determining geometry and GW stabilization to allow for consistent 
geometry



GW

• Guarantees radion moves so that

• Both junction conditions are satisfied

– And entire bulk can be consistently sliced

• Notice radion is localized in IR

• Responding to mismatch in boundary conditions

• Clearly any stabilized geometry needs analog field

• GW bulk field, and radion



GW Response to Perturbation



Response
• Perturb radion slightly
• Leads to required shift in bulk energy



Can identify GW field in 10d theory!

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

Can explicitly identify running in KKLT: Hedecker et al



Can Identify Radion in KKLT!

First let’s consider the “conifold instability”

• S: Conifold deformation parameter



Potential for S

Add potential from antibrane:



“Conifold” instability



S Potential



With Uplift



Radion is the 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



“Radion” Scalar: S~Φ3



Notice form of potential: 
conifold radion



Runaway radion if too big a 
perturbation



Real potential instability

• Need largish gsM
2

• But hard to satisfy
• Hierarchy problematic

– K/Mgs~KM/M2gs

– KM bounded in a given geometry

• Another problem
– Cosmological phase transition for RS like geometries

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

– High temperature AdS/Schwarschild
– Cosmological phase transition won’t complete
– Need to evolve to RS
– Upper bound on M2~21 for this geometry

• Caveat: We are assuming supergravity solution applies even for 
small M
– However if it doesn’t we still have to work out solution to have 

example



Warped Conifold Potential

• Turns out the assumed S potential is not 
correct

– In IR!

• Need to impose various constraints

• Let’s get a taste of how this wokrs









With warp factor no 
longer traceless!







Deformtoins of warped geometries



Solve using diffeomorpism



Even More General

Satisfy higher d 
eq of motion

No off-
diagonal

Traceless EE



Solve



No Second Minimum 



Punchline



Conclude

• Low energy effective theory nontrivial in context of warped 
compactifications

• Solving Einstein’s Equations consistently even off-shell leads 
to qualitative change in form of potential

• Here related to fact that warped compactificaton shape can 
change in the IR

• Not determined solely by the UV stabilization
• Essentially allows for KK modes of volume moduli
• Though not yet explicit in our formalism
• Resolves the mysterious and now-seen-to-be spurious 

instability
• Can have interesting consequences in the future


