What is Particle Physics?

Qur Definition

The Science of Matter, Energy, Space and Time

The Paths and Goals of Particle Physics
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Exploring the Fabric of
Spacetime

* Resolution of the Hierarchy Problem
requires New Physics at the TeV
scale

* (One possibility is Extra Dimensions
= TeV scale signatures!

« Large discovery potential at future
colliders

* Synergy between high energy ete
and hadron colliders can probe
geometric properties of the new
space

= Discovery of Extra Dimensions
would have profound impact on
our view of the universe!
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The Hierarchy Problen  Solition
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Once a signal is discovered:

What do we learn?

* Prove signal is gravity
 Determine Fundamental scale

* Measure number of extra dims

» Measure size of extra dimensions

* Determine geometry of extra
dimensions: flat versus curved

e Measure brane tension and
thickness

* Determine location of SM particles

= Explore the Additional Spacetime
with Collider Data!




A Few Concepts from
Kindergarten String
Theory...



_%55‘1(.5 of Brones: Spafial Dimensional Subspace

Our 3+l -dim subspace = 3J-brane
Embedded n D=3+6+4 space = bulk

,-...:r bulk graviton
/ Size ¢ geometry of
5m 3- hr bulk can vary

STrins Th!.nrﬂ provides mechanism Te ‘localize’

Bulk

fields on brane

. Gu.u.ga theories live on brane
* Gauge particles live of end of strings
* Closed strings are neutral
# con pop off brane = bulk gravitons
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* Experimental observation of KK
states:

Signals existence of extra dimensions

* Properties of KK states:

Determined by geometry of extra
dimensions

= measured by experiment!
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Constraints from
Astrophysics/Cosmology

M,, (TeV) O=2 3 4 5
Supernova Cooling 30 2.5
Cosmic Diffuse y-Rays
Sne 80 7
LL Annihilation 110 5
Reheating 170 20 5 1.5
Neutron Star 450 30
Matter Dominated
Universe 85 7 1.5
Neutron Star Heating 1700 60 4 1

Low M,, disfavored for o < 3



@ _Cgll'.c_i.,r Tes‘ts |5E3rch Strategy I &%)

Direct Search: 1 photon or 1 Z boson + missing energy.

Graviton

Extra Dimensions

Indirect Search: Look for deviations from (da/d€2)gy;.
Graviton

Extra Dimensions
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Search Reach at Future Colliders

\'s ME (TeV)
LLC: ete > ff 500 GeV 5.0
1 TeV 8.4
YY — YY 1TeV 3D
vy —> WW 13.0
ey — ey 3.0
LHC: pp—>I"1" 14 TeV 7.5
PP — VY 1.1

(@ design luminosity)

LHC/LC Explore the parameter space
which is relevant to the hierarchy!
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Ln calized € ravity

Randall, Sundrum
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Summary

* Resolution of the Hierarchy
requires New Physics at the TeV
Scale

* One possibility is the existence of
Extra Dimensions with signatures
at the TeV Scale!

* Large discovery potential at future
colliders

* The synergy between high energy
e*e- and Hadron Colliders can
probe the geometric properties of
the new space

= Discovery of Extra Dimensions
would have profound impact on
our view of the Universe!



Limits from Gy Emission

m LEP: B. Vachon; hep-ex/0201029 v2

A. heng

—

= : 3 4 5 3 7
ALEPRASINGEY) (105 Jogr [om [oss [os1 |
f{?ﬁfnmﬁ“ S0l leales =  los |—
Lnfn{ﬂ'inm&zw 102 |081 [0.67 [058 [051 |045

CDF: hep-ex/0205057

4

Mjp Limit (TeV)

0.55

0.58

0.60




Limits from Virtual G, Effects
H. Zheng

& PR R R T

» Different notations used in Hewett convention
d'ffﬂm_m T DO [pPrL 86 (2001) 1156): Ms (L =
» Mpis the fundamental massscale = 1) > 1.1 TeV; Ms (L =-1) > 1.0
real graviton 4
» Mgis the ultraviolet cutoff of the TeVv
divergent sum over the KK LEP Combined Results [hEp-

excitations — virtual effects |

ex/0111063 v2]: Ms (). = +1) >

» No exact relation between M, 4 g TeV; Ms (L=-1)>1.1 TeV
and Mg 1s available

» M, and M are expected to be of
the same order

CDF Preliminary [hep-
ex/0111063 v2]: Ms (1. = +1) >
0.8 TeV; Ms (L =-1)>0.9 TeV




