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Randall-Sundrum model:

L. Randall and R. Sundrum,
“A large mass hierarchy from a small extra dimension,”

Phys. Rev. Lett. 83 (1999) 3370

Two branes with tension at the fixed points of the orbifold S1/Z2.
The RS solution for the metric:

ds2 = gMNdx
MdxN = e−2ky+c ηµνdx

µdxν − dy2, 0 ≤ y ≤ L.

Galilean coordinates: gµν = diag(1,−1,−1,−1).
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Coordinates {xµ} are Galilean for c = 2kL,
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The hierarchy problem can be solved, if M ∼ k ∼ 1TeV
and kL ∼ 35.

Newtonian limit in the zero mode approximation:

V = −G2m

r
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)

The coupling of the radion to matter is too strong and contradicts
the experimental restrictions from classical gravity.



Stabilization mechanisms:

W. D. Goldberger and M. B. Wise,
“Modulus stabilization with bulk fields,”

Phys. Rev. Lett. 83 (1999) 4922

O. DeWolfe, D. Z. Freedman, S. S. Gubser and A. Karch,
“Modeling the fifth dimension with scalars and gravity,”

Phys. Rev. D 62 (2000) 046008

We take the latter model and choose such values of the parameters
that the metric of the stabilized model is approximately that of the
unstabilized.



The model

S = − 2M3
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A background solution

ds2 = e−2A(y)ηµνdx
µdxν − dy2 ≡ γMN (y)dxMdxN

φ(x, y) = φ(y)



Potential
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W (φ) = 24M3k − uφ2
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Solutions for functions A(y), φ(y) are

φ(y) = φ1e
−u|y|,

A(y) = k(|y| − L) +
φ2

1

48M3
(e−2u|y| − e−2uL).

The separation distance in defined by the equation
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gMN (x, y) = γMN (y) +
1√

2M3
hMN (x, y),

φ(x, y) = φ1e
−u|y| +
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Approximation uL≪ 1
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The physical degrees of freedom of the model in the linear approxi-
mation were explicitly isolated in

E. E. Boos, Y. S. Mikhailov, M. N. Smolyakov and I. P. Volobuev,
“Physical degrees of freedom in stabilized brane world models,”

Mod. Phys. Lett. A 21 (2006) 1431

They are:
tensor fields bnµν(x), n = 0, 1, · · · with masses mn (m0 = 0) and wave

functions in the space of extra dimension ψn(y)
and scalar fields ϕn(x), n = 1, 2, · · · with masses µn and wave func-

tions in the space of extra dimension gn(y).

The masses and the wave functions are not arbitrary, but rigidly
defined by the model parameters.
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Tensor modes (the same as in the RS1 model with k → k̃):

m0 = 0, ψ0(L) =
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= 0, ψn(L) = −
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k̃, m1 ≈ 3.83k̃

Scalar modes (in the limit β2 → ∞):
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E. E. Boos, V. E. Bunichev, M. N. Smolyakov and I. P. Volobuev,
”Testing extra dimensions below the production threshold of

Kaluza-Klein excitations”, arXiv:0710.3100 [hep-ph].

Integrating out the heavy tensor modes induces the interaction of the
Standard Model fields of the form

LT =
1

16M3

(

∞
∑

n=1

ψ2
n(L)

m2
n

)

Tµν∆µν,ρσT
ρσ,

∆µν,ρσ = ηµρηνσ + ηµσηνρ − 2

3
ηµνηρσ

Integrating out the scalar modes induces the interaction of the form
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, m1 = 3.83k̃

Let us suppose that the lowest scalar mode has the mass of the order
of 2 k̃. Such situation can be realized if

u ≃ 0.003 k̃,
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Leff = LT + LS =
0.91

Λ2
πm
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Tµν∆̃µν,ρσT
ρσ

∆̃µν,ρσ = ηµρηνσ + ηµσηνρ −
(
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3
− δ
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ηµνηρσ

where δ stands for the contribution of the scalar modes,

δ ≈ 0.69

Example:

Λπ ≃ 2.8TeV, m1 ≃ 3.83TeV

(correspondingly, M ≃ 1TeV , k̃ ≃ 1TeV , radion mass – µ1 ≃ 2TeV )

1

Λπm1
≈ 0.09TeV −2



Corresponding cross-sections can be found in
E. E. Boos, V. E. Bunichev, M. N. Smolyakov and I. P. Volobuev,
”Testing extra dimensions below the production threshold of Kaluza-
Klein excitations”, arXiv:0710.3100 [hep-ph].
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Various processes with this Lagrangian were calculated with the help of
the CompHEP program
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Figure 1: Dilepton invariant mass distribution for parameter 1
Λπm1

×
(1TeV )2=1.2 (dash-dotted line), 2 (dashed line), 3 (dotted line) for the
Tevatron
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Figure 2: Dilepton invariant mass distribution for parameter 1
Λπm1

×
(1TeV )2=0.055 (dash-dotted line), 0.1 (dashed line), 0.15 (dotted line)
for the LHC
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Figure 3: Z-boson pair invariant mass distribution for parameter 1
Λπm1

×
(1TeV )2=0.055 (dash-dotted line), 0.1 (dashed line), 0.15 (dotted line)
for the LHC
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Figure 4: The normalized dilepton invariant mass distribution from the
sum of KK tower states including the first KK mode (solid line) and
from the first KK mode only (dashed line) for m1 = 10 TeV , Γres =
0.5 TeV for the LHC
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Figure 5: Dilepton invariant mass distribution for 95% CL parameter
1

Λπm1

× (1TeV )2=1.2 for the Tevatron (L = 10fb−1)
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Figure 6: Dilepton invariant mass distribution for 95% CL parameter
1

Λπm1

× (1TeV )2=0.055 for the LHC (L = 100fb−1)
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Estimate
Γ1 < ξm1, ξ < 1
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