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Motivation
- Can Dark Matter only have gravitational interactions?  

- Yes! Interactions are Planck scale suppressed. 

- Can Dark Matter only have gravitational interactions and 
and still behave like a WIMP? 

- Yes! 

- Add a sterile particle in an Extra-Dimensional setup. 
- The sterile particle interacts only gravitationally. 
- It can behave like a WIMP/FIMP.  
- Many possible constructions, we explore the simplest 

one.
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Rizzo & Rueter (2017), Hewett 2017, Sanz et al, 2017, Garny et al 2017, …



Randall-Sundrum (RS-1) 
Model

- Warped Extra-Dimesnsional 
Model with two branes. 
  
- Compactified with an orbifold 
geometry. 

- Possible solution to the 
Hierarchy Problem.  

- Exponential warp factor helps 
reduce Planck scale to TeV 
scale. 

3

 
Planck Brane

y = 0  
TeV Brane

y = ! rc

!x, t

 5th Dim. (y)

SM  



Randall-Sundrum (RS-1) 
Model + Dark Matter

4

 
Planck Brane

y = 0  
TeV Brane

y = ! rc

!x, t

 5th Dim. (y)

SM  
+ 

Dark Matter

A(y) = -ky 
A(z) = -ln(kz)



4D-Decomposition of 5D 
compactified theories

Decompose 5D metric into 4+1  

Integrate over 5th Dimension 

Since extra-dimension is compactified, it is useful to 
use a Fourier decomposition of 5D fields  
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Graviton ( )"hMetric Radion ( )"r Fourier  
Decomposition



Stabilized Warped Extra-
Dimension
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-  is the Goldberger-Wise Scalar 
- Acquires different vevs at each brane.  
- This stabilizes the extra-dimension and provides a 

mass for the radion  
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Tower of States and Gauges
 Unitary Gauge:  

One radion field ( ) 

Tower of GW Scalars ( ) 

Tower of Gravitons ( ) 

One massless Graviton ( ) + 
Tower of Massive Gravitons ( ) 

`t-Hooft-Feynman Gauge: 
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Solutions of 5D WF

KK decomposition of 5D fields



Tower of states
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Goldstone Modes

 Unitary Gauge:  

One radion field ( ) 

Tower of GW Scalars ( ) 

Tower of Gravitons ( ) 

One massless Graviton ( ) + 
Tower of Massive Gravitons ( ) 

`t-Hooft-Feynman Gauge: 

Vector Goldstone Modes ( ) 
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A specific Model to fix masses 
and couplings: DFGK Model

DeWolfe, Freedman, Gubser, Karch (2000)

Use the Stiff-Wall limit ( ) and light radions ( < 100 GeV) 
Heavy radions (> 100 GeV) in forthcoming work

" 1,2 $ %



The Dark Sector

Use either a scalar, vector or 
fermion as a sterile particle 
localized on the IR Brane. 

Always possible to construct 
an extended Dark sector 
and also use Bulk fields. 

Here we study only the 
minimal effect of each 
field.
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Coupling of Dark Matter to 
KK sector

Model has effectively three 
parameters 

 : Emergent scale that 
determines coupling strength 
and also validity of the EFT 

 : mass of 1st KK graviton 
state 

 : mass of the radion

&!

m1

mr
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Dark Matter Annihilation
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Why the bad high energy 
growth?

Counting energy from 
polarization and vertices(*), 
we see that the energy of the 
amplitude should grow like 

 

Unitarity is violated at a 
scale much smaller than 

s3 (E6)
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Why the bad high energy 
growth?

Counting energy from 
polarization and vertices(*), 
we see that the energy of the 
amplitude should grow like 

 

Unitarity is violated at a 
scale much smaller than 

s3 (E6)
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Diffeomorphism invariance 
protects amplitude from bad high 

energy growth!
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Proven Sum Rules and 
Cancellations Down to E(2)

arXiv: 2311.00770
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Brane Bulk

Scalar

Vector

Fermion

Also done for a stabilized  
RS model with  

Goldberger-Wise Scalar



Dark Matter Annihilation
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Dark Matter Annihilation
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Dark Matter Annihilation
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Dark Matter Annihilation
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Dark Matter Annihilation
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Dark Matter Annihilation ( )< #v >
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Constraints: Vector Dark Matter

Resonant annihilation 
satisfies relic abundance. 

 Fermionic ( ) and scalar 
( ) DM are suppressed. 

Light radion has strong 
impact on Direct Detection 

Constraints from 

v2

v4

pp $ h(1) $ $$
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Constraints: Fermion Dark Matter
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Summary & Outlook
A model of sterile particles that interact only gravitationally can be a viable model 

In warped extra-dimensions Dark-Matter  can behave like a WIMP/FIMP.  

First complete and proper calculation of cross-sections and relic abundance in the 
simplest of such models. 

Required developing tools and understanding of how 5-D diffeomorphism 
invariance protects amplitudes from bad high energy growth. 

Vector and Fermionic dark matter models satisfy relic through resonant dark 
matter production. 

Light Radions have a strong impact on direct detection constraints. 

Forthcoming work on heavy Radions 

Possible to construct and explore extended Dark Sectors
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Backup
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Brane Scalar

Amplitudes appear to 
grow as   

Cancellations due to sum 
rules ensure the 
amplitudes grow only as 

,  

i.e.  and

E6

E2

÷M(6) = ÷M(4) = 0
÷M(2) ( 0
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Connection to Goldstone Boson Equivalence


