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Beyond the Standard Model
- electroweak symmetry breaking
why? - origin of mass and hierarchies

- include gravity

- Supersymmetry: Bosons + Fermions

- String theory: Quantum Mechanics +
General Relativity

LHC experiment (CERN):
Discovery machine

proton - proton collider at 14 Tev — 1017 cm
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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 > Rl — compactification scale

experimental limits on their size
light signal == ER 1 TeV
RS 10716 em

how to detect their existence?
motion in the internal space =
mass spectrum in 3d
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example: - one internal circular dimension

- light signal

plane waves eiP¥ periodic under y — y + 2xR

= quantization of internal momenta:

p=5:n=0,1,2,...

= 3d: tower of Kaluza Klein particies
with masses M, =n/R

E >> R™! : emission of many massive photons
< propagation in the internal space




Our universe on a membrane

Two types of new dimensions:
e longitudinal: along the membrane
e transverse: “hidden” dimensions
only gravitational signal
=R, &1 mm!
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r=

Gravity modification at submillimeter

distances

Newton’s law: force decreases with area

3d: force ~ 1/r?
(3+n)d: force ~ 1/r2T"

observable for n = 2: 1/r* with r & .1 mm
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Limite actuelle: R <200 um 3 95% CL
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Figure 3: First resonances in the LHC experiment due to a KK ezeitation of W™ for one
extra-dimension at 4, 5 and 6 TeV. We plot the differential cross section as function of the

transverse mass for the W's.
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- no observation = R~1 220 TeV : 95% CL
- more than one dimension = stronger limits

- universal dimensions = weaker limits
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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 10-3° each

photon or)tf'

—— ;4_/

Signal: missing energy
Angular distribution = spin of the grawviton

Actual limits from LEP2:
R, S5mm (n=2) — 1010 (n =6)
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