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Extra large transverse dimensions =

explain the apparent weakness of gravity

total force = observed force x volume L
- total force ~ O(1) at 1 TeV

- n. dimensions of size R

n=1: R, ~ 108 km excluded
n=2: R ~.1 mm (10712 GeV)
possible

n=6: R, ~10713 mm (107 Gev)

e distances > R, : gravity 3d
however for < R, : gravity (3+n)d
e strong gravity at 1071 cm — 103 GeVv

1039 times stronger than thought previously !
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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

pb\ol'o‘/‘ oV :)Qi—
<

5
3

F e’
o

[

Signal: missing energy
Angular distribution = spin of the graviton

Actual limits from LEP2:
RIS5mm(n=2) — 10710 (n = 6)
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no observation =
R, S1072-10712 mm (n=2-6); 95% CL

- more dimensions = weaker limits



Limits on R in mm from missing-energy

processes
Experiment | Ry(n=2) | Ry(n=4) | R,(n=6)
Collider _bounds
LEP 2 48x107' | 1.9x10°8 | 6.8x 10711
Tevatron | 55x107!| 1.4x10°8 | 4.1 x 1012
LHC 45x%x1073|56x10710 | 27 x 10-12
NLC 1.2x1072 | 1.2x107? | 6.5 x 10712

——
—

Present non-collider bounds

SN1987A

3x 1074

1x 108

6 x 10710

COMPTEL

5x 107>




Experimental predictions
e particle accelerators

- Large TeV dimensions
seen by 9auge interactions

- Extra large hidden dimensions transverse
= strong gravity

- massive string vibrations

e mMicrogravity experiments

- gravity modifications at short distances
new submillimeter forces



Large TeV dimensions

longitudinal dimensions: R~! S Mgying =
R~ first scale of new physics

Increasing the energy

e could happen for some of the internal dims
e explain coupling constant ratios g¢-/g3
e Susy breaking

e fermion masses displace light generations

Massive tower of Kaluza Klein modes
for Standard Model particles

2 >, n
Mﬂ:i\lO‘FEf s n=:|:1,i2,...

= excited states of photon, W=, Z, gluons



2 < live on // Dbranes ) live on Dbranes intersections

gauge and matter fields. matter fields only.




Localized fermions (on 3-brane intersections)
= single production of KK modes

=
L)

e strong bounds

® New resonances

Otherwise KK momentum conservation
= pair production of KK modes

e weak bounds
e NO resonances
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Massive string vibrations = indirect effects

virtual exchanges = effective interactions

>kl X

shingn

Actual limits: Matter fermions on
branes = Ms < 500 GeV
brane intersections = Ms< 2 —3 TeV

Cullen - Pexels L& - Pecking
IA.~ Benell - Lc:ua‘\en(‘

High energies =
- direct production: string physics
- strong gravity: micro-black hole production?
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