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Brane World Scenarios
Phenomenological model

4+ dim,/ We ar e confined on “ 3-brane”
. Graviton livesin the bulk
SM fields

% graviton
/ » 0 (compact) extra-dimensions

“3-brane’

Beyond the standard model = Brane World Scenario Nevv properfy
4+d dimensions geometry

Typical Scenario: Large (flat) Extra Dimensions (Arkani-Hamed-Dimopoulos-Dvali, '98)

Warped (small) Extra Dimensions (Randall-Sundrum, ’99)

Today’stopic



Modelswith Large Extra Dimensions

Conceptual problem

Isit really solution to gauge hierarchy problem?

Mpjane: ~ 1012 GeV > M. ~ 100 GeV

\ Mats = O(1 TeV) ~ My qi

Compactifiedon 79

2 _ aq24d )
ﬁ'ff‘m-ncﬁz - _qu X R

>

+4

32

! =10 4 TeWV

hier ar chy!

d = 5(1} — _-“I-Jr,i_i_ﬂ; s

) 1/K

1 |10~ <Y eV excluded
2 | 105 eV

%) 20 eV

5 | 0.4 MeV

10 | 0.6 GeV

b
R



War ped (small) Extra Dimension Scenario Randall-Sundrum, PRL 83 (1999) 3370

Setup: 5-dimimensional theory

5th dimension is compactified on S*/Z
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Solving Einstein’s equations with cosmological constants | in bulk

on branes
Metric ansatz
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4 dimensional Poincareinvariance
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4-dim. Effective Planck scale

Solution: | ds? = e 2*7<l0ly,, datdz” + r2dg?

/ E_E‘[“‘cé /

> @
p =20 'fﬁ‘l) —
Ve = 2?‘.:[ dop e=2krelyl — %( _ E—?k“ﬁrlm) strongly war ped
— M2 = M? [j]_ r’_E'i‘"".r'TT) M3
S k N & for kre.m > 1

J"L'JrE(Q?TT'.;) for k=0

™

flat limit



Alter native solution to hierarchy problem!
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SM Hiqgaslives on the visible brane
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Phenomenology: graviton KK mode physics

KK mode decomposition
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KK mode configuration f{”’}(fi’) —  krelely,(n)

FO(p) ~ e kreldl localize around hidden brane

f(”}(qﬁ) ~ efreldl Jg(m{.n),’ﬂ ﬁk"’”“w"} localize around visible brane

M ~ Mg > My

graviton KK mode mass m&f}i ~ zpke T~z O(Mwy)
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KK mode configuration
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Collider physics

: . : (1)
KK graviton resonance production, if /s > M- je
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KK graviton resonance production @ L C Davoudiag. Hewett & Rizzo

PRL 84 (2000) 2080
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KK graviton resonance production @ hadron collider

Direct searchesfor the 1 KK graviton production @Tevatron, LHC
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k/ Mg,

M Davoudiad et al.,
PRL 84 (2000) 2080

95% CL exclusion region
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Virtual KK graviton mediated process

£V, Modelswith Large Extra Dimensions
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Need reqularization
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Five dimensional case
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- analysisin LED scenario can beinterpreted

Note: no brane fluctuation can beintroduced in the orbifold case



Alternative to compactification Randall-Sundrum, PRL 83 (1999) 4690

In order for models with extra dimensionsto berealistic,

compactifications of extra dimensionsis necessary

MZ=M;T{R® > finite Ma and Mays

- finiteR

But, general requirement isfinitenessof Vj

MZ=M;T{R® > finite Ma and Mays

> finite Vj



In war ped extra dimension scenario
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Continuous KK mode spectrum from 0 to infinity
- Realistic model?



Changing the setup

KK mode configuration
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Gravity precision measurement 2> rk>1 for r=0.1mm
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k/ Mp,

Fig. on page 15
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