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OUTLINE

•EXTRA DIMENSIONS?

•MASS GENERATION.

•VIRTUAL CONSTRAINTS.

•REAL CONSTRAINTS.
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EXTRA DIMENSIONS

SYMMETRY OF MANIFOLD

INTERNAL SYMMETRY

•Can unify gauge + gravity.

•Solution to hierarchy problem.

•Quantum gravity.

•Generate massive states.

COMPACTIFICATION:
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TOY MODEL

•Low energy effective theory.

•SM confined to 3-brane - pheno unaffected.

•FLAT extra dimensions. ADD/LED scenario.

3.2 Large Extra Dimensions (LED) 16

n m M∗

1 > 10 meV > 2× 105 TeV

2 > 10 meV > 2 TeV

3 > 0.35 keV > 1 TeV

4 > 0.13 MeV > 1 TeV

5 > 4.4 MeV > 1 TeV

6 > 47 MeV > 1 TeV

Table 1: Allowed values of the mass parameters m and M∗ for different numbers

of extra dimensions n. m is both the mass of the lowest KK mode and the mass

separation of KK modes. M∗ is the proper higher-dimensional Planck scale. For

n = 1, 2 the effective lower limit comes from the parameter m. For n = 3, ...., 6

the effective lower limit comes from the higher-dimensional Planck scaleM∗ [56].

Constraints only need to be produced for allowed values of m.

non observation of deviation to the inverse square law. Hence the exponential

term must be small. Therefore r ! RT for all probed value of r. With this

approach [46] rules out RT ! 2 × 10−4 metres at the 95% confidence level.

Therefore the KK-mass parameter is limited to the region m ! 10 meV.

Note that, because of the factor 8n/3, the constraints on RT are actually

weakly dependent on n. However this dependence is logarithmic and only a

small range of 1 ≤ n ≤ 6 is considered. Hence this effect is extremely small and

can be neglected to a good approximation.

A lower limit for M∗ can also be imposed. This must be ! 1 TeV to agree

with current experimental data. This lower limit is rather coarse, with a preci-

sion of around an order of magnitude.

Hence there is a lower limit for each of the mass parameters m, M∗. However

these parameters are not independent, but are linked through the relation in

Equation (3.3). Therefore for each value of n only one of these lower limits is

effective. This is shown in Table 1.

For n = 1, 2 it is the lower limit for m which is effective, and the allowed

values of M∗ are actually pushed up from the lower limit of 1 TeV. For n = 2,
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GENERATING MASS
•Fourier expansion splits D-dim 
field into 4D vector + n scalars.

•All massless.

•Gauge transformation - vectors 
eat a scalar (except zeroth mode).

•k × Higgs mechanism!

AM = (A0, A1, A2, A3, A5, . . . , AD)

Aµ
(k) ! Aµ

(k) � i
1

k/R
@µA5

(k)



E.G. SOLAR LIFETIME
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VIRTUAL CONSTRAINTS

•If hidden photon virtual, no momentum cut off.

•Must sum over ∞ modes.

•Effectively resolves extra dimension.

PERTURBATIVITY:

�2 ! �2
pert. = �2 ⇥

Z ⇤
m0

1
dnk

∑

# modes.
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VIRTUAL CONSTRAINTS

•Electron + muon g-2 constraint.

•Not in region of perturbative treatment.
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ONE EXTRA DIMENSION
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TWO EXTRA DIMENSIONS
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THREE EXTRA DIMENSIONS
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FOUR EXTRA DIMENSIONS
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FIVE EXTRA DIMENSIONS
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SIX EXTRA DIMENSIONS
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CONCLUSIONS:

•EXTRA DIMENSIONS CAN GENERATE 
HIDDEN PHOTON MASS.

•MODIFIED PHENOMENOLOGY.

•CONNECT WITH STRING THEORY?

•NEXT UP, DO (4D!) SN1987A IN FULL.

Chris Wallace. Patras 2013, Mainz.With thanks to
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17. Summary and Conclusions 130
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Figure 35: Summary plot for KK constraints with n = 1 extra dimensions.

For n = 1, m ≤ 10 meV is already experimentally excluded (see Table 1), so

constraints are only produced form ≥ 10 meV. The red constraint is from energy

loss in SN1987a. The brown constraint is from the Intergalactic-Diffuse-Photon-

Background (IDPB) experiment. The dark-green constraint is from HB-lifetime

considerations. The pink constraint is from the CERN Axion Solar Telescope

(CAST) experiment. The grey constraint is from solar-lifetime considerations.

The orange (E137), purple (E141), and black (E774) constraints are from fixed-

target experiments.

ments. It is necessary for the effective perturbation parameter to be # 1 in

order for the perturbative treatment to be valid. This imposes an upper bound-

ary on constrained values of χ. It is found that if χ is large enough such that

the hidden photon could be observed, the effective perturbation parameter be-

comes so large that the perturbative treatment breaks down. Hence the present

method does not produce any constraints from virtual-production experiments.

Constraints for the KK model are summarised in Figures 35 - 40. These

apply only for the allowed values of m, which are shown in Table 1.

CAST, IDPB, SN1987A
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(ONE EXTRA DIM.)


