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Consider a dark sector described by a CFT between energy scales,

 containing a scalar operator 

➢ Relevant, with scaling dimension d < 4 (non-integers allowed)
➢ Not charged under SM gauge
➢ Charged under global 

A conformal dark sector
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Dark sector populated through freeze-in via coupling to SM, given by
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Dark sector populated through freeze-in via coupling to SM, given by

Explicitly breaks conformal symmetry and global 
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Interaction term with relevant operator                    conformal symmetry broken in the IR

In the simplest case:

Confinement
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Interaction term with relevant operator                    conformal symmetry broken in the IR

In the simplest case:

Confinement

e.g. Higgs portal:

Below electroweak scale, 

In all cases of            this is the leading deformation.
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Phenomenological Constraints:

Gap scale from Naive Dimensional 
Analysis (NDA):

in keV-MeV range, below which the dark 
sector spontaneously confines.
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Phenomenological Constraints:

Gap scale from Naive Dimensional 
Analysis (NDA):

in keV-MeV range, below which the dark 
sector spontaneously confines.

Dark matter candidate is a 
pseudo-Goldstone boson with mass 
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Holographic Dual in 5D

5D gravitational action in a slice of AdS space
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Holographic Dual in 5D

5D gravitational action in a slice of AdS space

Assume small backreaction, we find the RS metric
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Bulk scalar dual to 

where brane localized potentials
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Bulk scalar dual to 

where brane localized potentials

Bulk mass is related to scaling dimension by
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Integrate out the 5th dimension and identify 4D dilaton field                           , we find the 
effective potential and vev, written in a convenient form

4D Effective Potential

Zero mode solution to the scalar EoM ~ radion
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Phase Transition

High temperature phase: black brane solution ≈ AdS-Schwartzchild, with free energy
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Phase Transition

High temperature phase: black brane solution ≈ AdS-Schwartzchild, with free energy

The 2 phases share a common limit at when the IR boundary is removed.

RS phaseHigh T phase
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Phase Transition

High temperature phase: black brane solution ≈ AdS-Schwartzchild, with free energy

The 2 phases share a common limit at when the IR boundary is removed.

RS phaseHigh T phase

Critical temperature
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Phase Transition

The confinement-deconfinement phase transition can be interpreted in 5D as bubbles of IR 
brane nucleating from the event horizon.

AdS-S

UV (TeV) brane Event horizon

Below 

UV (TeV) brane Event horizon

Bubble of IR brane
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Phase Transition

Phase transition completes when

10



Phase Transition

Phase transition completes when

For                                  , 
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Phase Transition

Phase transition completes when

For                                  , 

We consider a regime without significant supercooling, i.e.                . Estimate       in the 
thin-wall limit using the             symmetric bounce.

Other notable constraints: validity of dilaton EFT, small backreaction, zero mode stability.
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Phase Transition

preliminary
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Phase Transition

preliminary
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Summary

○ A conformal dark sector deformed by a relevant operator            , resulting in broken 
conformal symmetry in the IR at 

○ (d > 2) Dual to a 5D bulk scalar field which stabilizes RS geometry - Relevant 
Dilaton Stabilization;

○ Phase transition completion does NOT significantly limit the model parameter space;
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Ongoing work

○ A dual for d < 2 can be obtained by fine tuning the UV mass;
○ Gravitational wave with significant supercooling?
○ A UV theory featuring a 3-brane model.



Backup
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Confinement as SSB by Dilaton Potential

We can find the dilaton effective potential by restoring scaling invariance and      
symmetry and perform spurion analysis

This potential has a minimum at 

Gap scale in keV-MeV range, below which the dark sector spontaneously confines.

Dark matter candidate is a pseudo-Goldstone boson with mass
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Integrate out the 5th dimension and identify 4D dilaton field                           , we find the 
same effective potential and vev, written in a convenient form

4D Effective Potential

Zero mode solution to the scalar EoM

Dilaton action
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Operator scaling dimension: d < 2 case

The relation between the scalar bulk mass m and CFT operator scaling dimension d is

Quadratic equation!

Closer look at how to find the scaling dimension of an operator:
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Operator scaling dimension: d < 2 case

2 boundary theories, one for each scaling dimension. To access        scaling, UV mass term 
needs to be fine tuned.

In terms of 4 momentum, 2-pt function of our model in IR brane             limit: 

Stable fixed point Fine tune UV mass, going against RG flow
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