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Many: challengesias LHC approaches

Critical guestions:
x Arerwer eptimizing existing searches?

s Are we doing all' the searches; possihle?

Models

s Lower-Scale: Supersymmetny, Little Higgs

s Higher-Scale: Strongly Interacting theeries, Extra
dimensions

EGCUS toaay, on extia aimensiens

s Bonus: Way ter learn anouit guantum: gravity,
anadl strongly’ iInteracting physics



Energy Length
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eTwo branes

*Gravity will be concentrated on
Gravitybrane

But we live on a second brane:

eThe Weakbrane/TeV Brane




Smalll prelkanility: for
gliaviten te; ke near
the\Weakirane

[iFwe liveranywhere
PUL the Gravitybrane,
gravity: will'seem
Weak

Natural conseguence

ri""-"E = Jun dx . "i'l'hr = EI_EgFi:uk- dr¥dr” — |-.I!1F;IIJ 5




Search for new particles!

particles
Caimny mementumi in extra dimensions
Loeks like: mass In 4- dimensions

LHC will have the rnght energy: tor search
for consequences ofi this theory.



Kaltiza-Klein particles
TeV, 2 TeV, 3 TEV
(rough) Spectrum

Withr muchl stronger: than
gravitational Interaction s \ /4 electron

strengn! :

e kk particle
Definite. mass Spectrum antiquark positron
andl “spin‘-=2

> Truly different than ether
strongly’ Interacting
theories

> Light spin-2 but gap

> No other strongly
Interacting states as light



Davoudiasl, Hewett, Rizzo




graviton has;spin 2

Y
(=]

Events/(.2
N

-
[\~

® g0 — G — ff:1—3cos?0 +4cos*d
® gg—G— ffi1—cos*f

-
o

® g~ G—-VV:il—cos*d
® g0 — G — VV:146cos®f +cos*
® DY background: 1 + cos®#




RS gives, clean| lleV-KK-graviton; signai

One of first things LHE could find

SpPIn-2'and gap In spectrum; definite Indicatien of
Waliped' extra-aimensienal gecnmetry

Coulal also exist lots of strengly’ Interactingl lFieV-
scale: phaysics te complement this measurement
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Variations on RS1: Infinite extra
dimension

\ it

\

weakbrane



MISsing Eneray: Signal

Loeks! like: 6 large dimensiens

I this case KK mede: decays to lighter KK
moedes

KK energy gees to. missing energy.



\/ariations ol RS1.:

matter in bulk or on Prane??

TYWO) e feeiillfeis tarelt prlelde oLl frletiis
BESSIIE

> Slze ofi fifith dimension; extremely: smalll (enly,
apeut S0 times; fundamental scale—
expoenentialt nierarchy)
- Vieans coeupling wen't he: teo diluted/weak
> Youionly:need Higgs on the Weakrane to

address the Rierarchy.

Problem only for the Higgs scalar: gauge hoson
and fermion; masses are protected



Because: 5D cut-ofitis Planck scale
v Allews for tunification!

Allewsior interesting model-pullding:

7 EErmIen; Masses from Wavefunctien everap
with' IHiIggs; field (e \Weakbrane)

We'll see that bulk scenarios have
GISHIRCHVErSIgREIES



Might expect nonthviall profiles
Viasses depend: onr everap With' IHiggs

ExXpect light fermiens localized near
Planck/Gravity brane

Foprnear \Weakihrane: since It's: neavy,




RIChER Spectrum

KK moedes; o1

s \Weak hesens

s Gluons

= Fermions

x Asiwelllas glavitons

But,..lower Production: Cress Section for Graviton

PIUS decays: prmariiy Intoe’ tops
s Chamngesi search strategies dramatically.



Planck
brane

Gluon KK

wavefunciton Te
brafe




Lightsguarks are: localizedt away: firom
HIgQs

x Hence away firom eV brane
x N Drell-Yan preduction frem guarks

Gluoens: are spread throughoeut the hulk
x Coupling ter graviton| VelUume-suppressed
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Figure 1: Cross section of KK-graviton production.
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Figure 1: Branching Ratios for graviton decay to scalars and quarks.
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Figure 1: Relative mass spectra in units of ke 7™ of the KK excitations of the fermion
fields as a function of their bulk mass parameter v, as well as for the graviton and the gauge
boson fields as described in the text.




Gluen KKimoede' coupling to; light guarks Is
MUCH BIGYEr tharl graviten

s Gluen KK moede wave! filnction: peaked at eV,
pliane

x BUt relatively: flat i pulk

Alser expect gluen KK moede: lighter: By
factor 1.5

Einally: ne 1/M
Vil argereach e gilenr KK noee



Gluon wave function
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Total cross-section for production of the first KKK gluon, as a function of KIKX mass
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- Invariant mass distribution of the decay products for several masses of the KIX gluon.

umes all # events are fully collimated.

“BGT is QCD dijet production. All jets are






Efficient top et Identification; required,
especially for heavier KK'gluens

Could he:

s [OpI et mass measurement
s Detalled substructure ofi Jets



SUMIMaIRASeN=E

Weak:scale physics should e testable at LHC
Includingl RSL, Wiaatever the implementation
Best signature: spin-2 resenance and mass gap
IR bulk; gluen KK moede: will-be imporiant
Decays Inte) teps critical

Challenge' Is ter maximize energy. reach

BUt Rope oK pinning this: down






Small higher-dimensionall black heles?
SINCE GEOMELNIC CleSS Section
o(E) ~ nRs(E)’

M~TeV=>~100 pb cross section

Not suppressed by gauge couplings or phase space factors



Claimy was; multiparticle: final state

Spherically distributed: particles in all
dilfections

Characteristic of Hawking radiatien
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w/Patrick
Meade

LHC tnlikely: tormake: classical black heles
states that decay Withrhigh multplicity: via
IHaWKInG radiatien

TTheshold above V)

Not all' energy. trapped hehind ReHzZon :
Inelasticity
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Al Js rlaic [es

x Petentially, much more: prolifically: produced 2
ey finalistates

a Uncalculable, but distinctiver experimental
signatures; that willdistinguishi amoeng Medes

s Might: teach US, aneuls guanilm. gravity



2, Quantities
x Diffierentiall Cross Section
s R tells usiabeut angular distribputien

x Key point IS guantum: gravity, events much
larder scattenng than Standard Voedel @CD




Figure 6: In the upper plots do /dAM;; (units of pb/GeV) vs M;;(TeV) is plotted for the case
of SM QCD background, and a n=6 ADD model “black hole” behavior with Mp=1.2,3.4
TeV and x,,, = 1 in the lefthand plot and a RS1 black hole behavior with M = 1,2, 3.4 TeV

and &, = 1 in the righthand plot. For other values of x,,;, the curves simply start at the

corresponding dijet mass. In the lower two plots the H, is plotted for the same parameters.




Figure 8: In the upper plots do /dM;; (units of pb/GeV) vs M;;(TeV ) is plotted for the case
of SM QCD background{thicker curve), and a toy stringy behavior with M. =1 TeV in the
lefthand plot with v~ = .1,.3 and M =3 TeV in the righthand plot with ~ = .1, .3, .6. In the

lower two plots the I, is plotted for the same parameters.




Black heles not: as; “spectacular: as

advertised
BUI

Lots off Infermation aneut guantim: gravity.
pured in 2->2!

Initial Increaser inl rate ol mere central
POCESSES alWays GCCUIrS

“Black hoele”, string resonances, different
forms for string, Z* all distinctive



Resenance and Compoesiteness Signals: of

Interest
a Could be KK modes
s Couldibe “compositeness effects™
s Could be other models...

Need to e prepared
Means thinkingr akouit Righ Energy: signails

Tep guark ID; eptimiZzing) COmMPOSItERESS,
E1LC.
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