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Formally	  related	  metrics	  
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Warped extra dimension 
r-metric 

Randall-Sundrum model 
ds2 = e−2k yηµνdx

µdxν − dy2

ds2 = e−2A z( )ηABdx
AdxB , e−A z( ) =

1
1− 2k z

R-S alternate form 

Planck-Brane 

TeV-
Brane 

Bulk 

ds2 = e−2A r( ) ηµνdX
µdXν − dr2( )

A r( ) = k r
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Coordinate transformations 

dX µ =
e−k y

1− k y
dxµ

e−k r = 1− k y

ds2 = e−2k yηµνdx
µdxν − dy2

ds2 = e−2k r ηµνdX
µdXν − dr2( )

Foliations 

y→ r exact iff y = constant

dX µ = A xµ , y( )dxµ + B xµ , y( )dy
∂yA ≠ 0



Einstein	  equa4ons	  
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Randall-Sundrum fine tuned 
       cosmological constant T55=0 

r-metric and λ=0 

ηµνe
−2k y 6k2 + λ[y]( )− 6kηµνδ y( ) =κ 2Tµν

− 6k2 + λ[y]( ) =κ 2T55

ηµν 3k
2 + e−2k r λ[r ]( )− 6kηµνδ r( ) =κ 2Tµν

−6k2 − e−2k r λ[r ] =κ
2T55



Bulk	  energy-‐momentum	  source	  
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TAB

φ =
∂L5D

∂φ ,A
φ,B − gABL5DEnergy-momentum 

 
L*
5D =

1
2
(∂Aφ)(∂

Aφ)−V (φ)Scalar field lagrangian 

Bulk 
T bulk

µν =ηµν 3
k2

κ 2
µν

T bulk
55 = −6 k

2

κ 2

→ T bulk
AB =

3k2

κ 2 diag[1,−1,−1,−1,−2]

This is not possible! 



Bulk	  source	  ghost	  scalar	  field	  
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Ghost peppers 

 
L5D = −

1
2
(∂Aφ)(∂

Aφ)−V (φ)

Ghost field 

Source scalar field φ = 3 k
κ
r

V (φ) = 9k
2

2κ 2 e
2
3
κφ

Self-interaction 

Energy-momentum T bulk
AB =

3k2

κ 2 diag[1,−1,−1,−1,−2]



Localiza4on	  of	  par4cles	  
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Wick rotated propagator 

Dx∫ e−S → S = finite

Spin dependent confinement 
Spin "RS model" r − metric

0 −2k −2k→ 2m < 5k
+2k→ 2m < 3k

1 none −2k
1
2 +2k none



Spinor	  field	  and	  r-‐metric	  
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Action Sψ = d 5x g∫ ΨiΓM DMΨ

Ψ	


Stationary solution 

Ψ =
ψ R xµ( ) pR r( )
ψ L xµ( ) pL r( )

⎛

⎝

⎜
⎜

⎞

⎠

⎟
⎟

Separated 5D spinor 

pR = ce
2k−m( )r , pL = d e

2k+m( )r



Ac4on	  for	  spinor	  field	  
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Two kinetic terms 

c2 dr
0

∞

∫ e−2mr d 4x∫ ψ Riγ
µ∂µψ R → finite

d 2 dr
0

∞

∫ e2mr d 4x∫ ψ Liγ
µ∂µψ L →∞

Gamma five terms 

cd dr
0

∞

∫ d 4x∫ ψ †
Lψ R +ψ

†
Rψ L( )→∞

Other mechanisms for localization? 



Vector	  fields	  and	  r-‐metric	  
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Action 
SA = −

1
4

d 5x∫ ggMNgRS ∂M AN − ∂N AM( ) ∂RAS − ∂SAR( )

Ansatz 

Stationary solutions 
c r( ) = c1, c r( ) = c1ek r

Α	


Ar = constant

Aµ xM( ) = aµ xν( )c r( )

Localized 
SA = −

c2

4
dr

0

∞

∫ e−kr dx4∫ ∂µaµ − ∂νaν( ) ∂σaσ − ∂ρaρ( )



Scalar	  field	  and	  r-‐metric	  
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Action 

Stationary solution 

χ	


SΦ = d 5x∫ ggMN∂MΦ
*∂NΦ

χ r( ) = ce
3
2
kr
e
− 1
2
r 9 k2 −4m2

+ de
3
2
kr
e
1
2
r 9 k2 −4m2

Φ =ϕ X µ( )χ r( )Separation 

Zero mass χ r( ) = c + de3kr



Mass	  dependent	  localiza4on	  
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SΦ = N gµν( ) d 4x∫ ∂µϕ ∂νϕ + M 2 d 4x∫ ϕ 2

N = dr
0

∞

∫ gχ 2gµν =
1 if 3 k > 2m
∞ if 3 k < 2m

⎧
⎨
⎪

⎩⎪

M 2 = dr
0

∞

∫ ggrr∂rχ
*∂rχ =

M m,k( ) if 5 k > 2m

∞ if 5 k < 2m

⎧
⎨
⎪

⎩⎪

Bulk mass 



Nambu	  Jona-‐Lasinio	  mass	  
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On the brane 
∂ν∂νϕ = −m2ϕ

Brane and bulk equal 

M 2 m,k( ) = m2

NJL type mass (-2k) 

m2 = k2 11± 13
8

, m2 <
5
4
k2 Mass 

k 11+ 13
8

k 11− 13
8

k 5
2



Ques4ons?	  
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