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Nordstrom showed that gravitation and electromagnetism
could be understood as two different faces of a five
dimensional electromagnetism.

In other words, Nordstrom formulated first five dimensional

electrodynamics, while Kaluza and Klein created first SD
gravity.
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The discovery of new interactions, other than electromagnetizm
and gravitation, complicated more the overall picture . In the
next years the interpretation of the extra dimensions changed, in
the sense that they were given a physical meaning. It was due to
the development of new theories; supergravity and string
theory, where the extra dimensions played a key role. The
natural energy scale for these theories 1s the Planck mass, that 1s
completely out of reach for current particle accelerators.



1. ADD model of Arcani-Hammed, Dimopoulos and Dvali

2. RS model of Randal and Sundrum with warped 5-
dimensional space-time and nonfactorized geometry

3. ACD models of Appelquist, Cheng and Dobrecu (so called
Universal Extra Dimensional Model (UED)), where all the
particles move 1n the whole Bulk.
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The main ingredients of a simplest ADD scenario are :

e Standard Model particles are localized on a3-d brane, while
gravity spreads to all 4+N dimensions

e The fundamental scale of gravity M are around a few Tev

e N extra dimensions are compactified



Technical simplifications:

® The Brane width 1s taken to be zero (generally, the natural
scale for the Brane width could 1/M).

¢ Brane fluctuation are neglected

e All extra dimensions have equal sizes (in general, different
extra dimensions could have different sizes)

e Only gravity can propagate in the bulk (in general, other
fields could also live in the bulk)



Selected topics of the ADD phenomenology

® (Gauge coupling unification.

® Missing energy signals in accelerator experiments.

® Energy loss by stars via emission of light KK gravitons.

® Cosmological implications
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Collider signatures
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Current constraints on M
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e Neutrinos detection from SN1987A requires

M>12.5TeV (n=2), M> 1.5 TeV (n=3)

e EGRET
M>34TeV (n=2), M>3.8TeV (n=3)

e Pulsars

M > 670 TeV (n=2), M >30 TeV (n=3)
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Charged Lepton Radiative and B-meson Double
Radiative Decays 1n Models with Universal Extra
Dimensions

[.I.Bigi, G.Chiladze, G.Devidze, Ch.Hanhart,
A.Liparteliani, Ulf-G.Meissner
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In the paper [*] mainly model independent analysis of p—ey
and t—uy 1s performed. Important statement 1s that when
intermediate scalar particle and fermion masses are
comparable, considerable enhancement of the amplitude has
the place. The authors declare that such a situation 1s realizable
in theories with universal extra dimensions.

* Bo He, T.P. Cheng and Ling-Fong Li, Phys. Lett. B553, 277
(2003).
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B->vy decay in the theory with one universal
extra dimension

G.Devidze, A.Liparteliani, Ulf-G. Meif3ner

Phys. Lett. B634 (2006) 59-62
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Our analyses show that in case of Bs—=2>yy decay we can get
the difference from SM-result as much as 3%, while the same
difference for the case of Bd—=2>vyy1s 6% .
Theoretical estimates of double radiative decays in the
framework of the Standard Model and along with the upper
experimental limits permits us to hope that in the not to far
future these decays will be observed (say, by BaBar
collaboration or at CERN B physics facility).

In this case we hope that there 1s not far the time when
the differences of will be accessible for experimental analysis
as well
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We have investigated charged leptons radiative decays L > 1y
and B mesons double photon decays B—>yy in frame of UED’
model.

eIn the SM with massive neutrinos lepton flavor violating
processes are extremely suppressed. As it 1s seen from our
analyses there 1s no enhancement of this process in the
universal extra dimension model over the SM. As present
analysis shows, 1f forthcoming search for

gives us the flavor violation effect, one shdu_ci {Q) k 1t 1n kind
of sources of lepton flavor violation, other than the UED model
with only additional spatial dimension is.
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e Our analyses show that in case of Bs—=2>7yy decay we can get
the difference from SM-result as much as 3%, while the same
difference for the case of Bd—=2>vyy1s 6% .
Theoretical estimates of double radiative decays in the
framework of the Standard Model and along with the upper
experimental limits permits us to hope that in the not to far
future these decays will be observed (say, by BaBar
collaboration or at CERN B physics facility).

In this case we hope that there 1s not far the time when
the differences of will be accessible for experimental analysis
as well
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Mini Bh phenomenology

Proton decay

Lepton number violation
Top decay

Meson decay
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The predicted B and L non-conserving decay rates
are interestingly close to the existing experimental
bounds.
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Conclusion

e Large Extra Dimensions are well motivated theoretically.

e Large Extra Dimensions and low scale quantum gravity effects
are at reach at present (Tevatron) and future colliders (LHC).

e Large Extra Dimensions have unambiguous experimental
signatures.

e Large Extra Dimensions can also help to solve theoretical
Particle Physics problems

o [f Large Extra Dimensions are found at LHC or somewhere else

it would possibly constitute the most important revolution in the
History of Particle Physics
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