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Background metric of the RSII-n model

T. Gherghetta M. Shaposhnikov 2000.

Consider (3 + n) - brane with n compact dimensions, embedded in a
(5 + n) - spacetime with slice AdS5+n metric:

ds2 = a(z)2(ηµνdxµdxν − δijdθidθj)− dz2, (1)

z -is the infinite extra-dimension

θi - are the compact extra-dimensions θi ∈ [0, 2πRi ], i = 1, n,

n - is a number of compact extra-dimensions,

a(z) = e−k|z| is a warp factor from Randall-Sundrum model.
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Peculiar features of the RSII-n model

Single brane along z direction
Orbifold geometry of the compact extra-dimensions θi ,
Z2 identification: θi → −θi
The could be localized constant zero modes A(0) = const of the
massless fields due to presence of the warp-factor in the overlap
integral ∫

dz an|A(0)|2 − is finite,

Kaluza-Klein excitations of the SM particles posses a continuous mass
spectrum.
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SU(2)× U(1) bulk sector of the Standard Model

The action of the theory:

S =

∫
d4x dz

n∏
i=1

dθi
2πRi

√
g [−1

4
(Fα

MN)2 − 1

4
B2

MN + (DMΦ)†DMΦ−

−V (Φ†,Φ) + δ(z)LF ],

(2)

Fα
MN , BMN , Φ are the bulk fields.

fermions ψ are localized on the brane and depend only on four-dimensional
coordinates x .

V (Φ†,Φ) =
λ

2

(
Φ†Φ− v2

2

)2

(3)

DMΦ = ∂MΦ− i
g̃1

2
B̂MΦ− i g̃2

σi

2
Aα

MΦ (4)
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Symmetry breaking sector of the SM

S =

∫
d4x dz

n∏
i=1

dθi
2πRi

√
g
[
−1

2
|WMN |2 + m2

W |WM |2 −
1

4
Z 2

MN +
1

2
m2

ZZ 2
M−

− 1

4
F 2

MN +
1

2
(∂Mχ)2 − 1

2
m2

χχ
2 + δ(z)LF

]
,

(5)

where m2
W = 1

4 g̃2
2 v2, m2

Z = 1
4 (g̃2

2 + g̃2
1 )v2 and m2

χ = λv2 are the bulk
masses of the gauge fields and Higgs respectively.
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Redefinition of the variables

Redefinition of the gauge fields

ZM =
1√

g̃2
1 + g̃2

2

(
−g̃1BM + g̃2A

3
M

)
, AM =

1√
g̃2

1 + g̃2
2

(
g̃2BM + g̃1A

3
M

)
,

W±
M =

1√
2

(
A1

M ∓ iA2
M

)
.

Redefinition of the coupling constants

ẽ5 = g̃2 sin θW = g̃1 cos θW

At low energies, E � 1/Ri fields are independent of θi ,

χ = χ(x , z), W +
M = W +

M (x , z), ZM = ZM(x , z), AM = AM(x , z).
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Equations of motion for bulk photon

−p2Ã5 − ipµ∂5Ãµ = 0, (6)(
−∂2

5 + (2 + n)k sign(z)∂5 −
p2

a2

)
Ãλ +

1

a2
pµpλÃµ+

+ipλ

(
∂5Ã5 − (2 + n)k sign(z)Ã5

)
= 0. (7)

We set the gauge Ã5 = 0,
the constant solution with respect to fifth z-coordinate
Ã

(0)
µ (p, z) ≡ Ã(0) = const, is a photon localized on the brane.∫ ∞

0
dz e−nk|z| |Ã(0)| 2 = 1 ⇒ Ã(0) =

√
nk

2
. (8)

Lint = e5ψ̄γµψAµ(x)Ã(0) ⇒ e5 = e4

√
2

nk

Kirpichnikov D.V. (INR RAS) Escaping the brane 8 / 13



Equations of motion for bulk Z 0 boson.

Z̃5(p̃2 −m2
Z )a = −i p̃µ∂5Z̃µ, (9)(

ηµλ −
p̃µp̃λ

p̃2 −m2
Z

)(
−∂2

5 + (2 + n)k sign(z)∂5 + m2
Z − p̃2

)
Z̃µ−

−2k sign(z)
p̃µp̃λ

(p̃2 −m2
Z )2

∂5Z̃
µ = 0, (10)

p̃µ =
pµ

a
is a physical momentum of the particle

We split the solution of this equation by longitudial and transverse parts:

Z̃µ
L = pµZL(p, z), Z̃µ

T = εµZT (p, z), (εµpµ) = 0.
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Transverse component

Transverse solution ZT (p, z) obeys the equation:(
−∂2

5 + (2 + n)k sign(z)∂5 + m2
Z −

m2

a2

)
Zm(z) = 0, m2 = p2,

(11)
One easily finds:

Zm(z) =

√
m

2k
e( n

2
+1)k|z|

[
amJν

(m

k
ek|z|

)
+ bmNν

(m

k
ek|z|

)]
,

normalization condition:∫
dz e−nk|z|Zm(z)Zm′(z) = δ(m −m′), a2

m + b2
m = 1,

boundary condition on the brane:

∂zZm(+0)− ∂zZm(−0) = 0.
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Classical limit

if k →∞ , then Z 2
m(0) tend to the delta function:

Z 2
m(0) =

nk

2
· 1

π

ΓZ

2

1

(m −MZ )2 +
(

ΓZ
2

)2
→ nk

2
· δ(m −MZ ). (12)

k

m
� 1,

where

ΓZ =
2π

nΓ2
(

n
2

)m ( m

2k

)n
, MZ = mZ

√
n

n + 2
(13)

are the invisible width decay, and the mass of Z 0 boson respectively
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Z 0 boson Green function

Gµν
Z(5)(x − x ′, z , z ′) = 〈0|TZµ(x , z)Z ν(x ′, z ′)|0〉 =

=

∫
dm

d4p

(2π)4
· (−i) e−ip(x−x ′)

p2 −m2 + iε
Zm(z)Zm(z ′)

(
ηµν − pµpν

m2

)
.

Brane to brane propagator:

Gµν
Z(5)(x − x ′, 0, 0) =

∫
dm

d4p

(2π)4
· (−i) e−ip(x−x ′)

p2 −m2 + iε
Z 2

m(0)

(
ηµν − pµpν

m2

)
.

Correspondence between five-dimensional and four-dimensional Green
functions in a limit k →∞:

Gµν
Z(5)(x − x ′, 0, 0) = Gµν

(4)(x − x ′, 0, 0) · nk

2
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Conclusion

We showed that the Standard Model remains a consistent in the
RSII-n model with continuous mass spectrum of the particle.
The localized zero photon mode remains a massless.
The massive bulk mode of Z 0 boson possess a finite probability escape
from our brane.
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