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Outline

e Motivations
e String theory: state of the art
Extra dimensions
The Universe on a membrane
e TeV strings and mass hierarchy
large hidden dimensions
e SUSY breaking
Gravity modification at short distances
e Experimental predictions

in particle accelerators
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Two main consequences

Consistent theory = 9 spatial dimensions !

SiX new dimensions of space

matter and gauge interactions may be localized
in less than 9 dimensions =

our universe on a membrane ?



Extra Dimensions

how they escape observation?
finite size R

Kaluza and Klein 1920
energy cost to send a signal:

E>R1 compactification scale

experimental limits on their size
light signal = E<1 TeV
RS10716 cm

how to detect their existence?
motion in the internal space =

mass spectrum in 3d



example: - one internal circular dimension

- light signal

plane waves eP¥ periodic under y — y + 27R

= quantization of internal momenta:

p=%;n=QLZ“.
= 3d: tower of Kaluza Klein particles
with masses M, =n/R

E >> R1: emission of many massive photons

< propagation in the internal space



Our universe on a membrane

Two types of new dimensions:

e lOongitudinal: along the membrane

e transverse: “hidden” dimensions
only gravitational signal

=R, 51 mm!
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- no observation = R~1 220 TeV : 95% CL
- more than one dimension = stronger limits

- universal dimensions = weaker limits



Hidden submillimeter dimensions

= strong gravity at the TeV

Gravitational radiation in the bulk
3d: Kaluza Klein gravitons very light

= high energy: huge number of particles produced

LHC: 103% massive gravitons of intensity 1039 each

Signal: missing energy
Angular distribution = spin of the graviton

Actual limits from LEP2:
R S5mm(n=2) — 10710 (n =6)

(4
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Gravity modification at submillimeter

distances

Newton’'s law: force decreases with area

3d: force ~ 1/r?
(3+n)d: force ~ 1/r217

observable for n = 2: 1/r% with » S .1 mm

2%
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T heoretical imagination or reality?

Standard Model: imagination 1970
— reality 1984

LHC: explore the physics beyond
the Standard Model

e supersymmetric particles?

dark matter of the universe?

e new dimensions of space?

the membrane of our universe?

e unexpected surprise?
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