L ectureson BraneWorld Scenarios ||

Nobuchika Okada (KEK)



L arge Extra Dimension Scenario

Phenomenology

M 4+3

many graviton Kaluza-Klein modes
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Phenomenology of Extra-dimension Scenario

= Phenomenology of graviton Kaluza-Klein modes



Construction of effective action in 4D

1. 4D L agrangian

4+d dim. Graviton - 4D graviton in 4D
KK gravitons
KK gravi-scalars
KK gravi-vectors

2. Feynman rules

Characteristic features: infinite tower of KK gravitons

universal couplings




4D reduction of 4+0 dim. Einstein’s Eqs.
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Feynman rules TH = ;::u., — gL
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Detection of Extra-dimension @ colliders

-> detection of KK graviton
direct - KK graviton emission

indirect KK graviton mediated process

First detection of spin 2 particle!




KK graviton emission process @ hadron colliders

Emitted KK graviton = non-interacting & stable particle
- missing ener gy event

For emissions of KK graviton with mass (m)
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pp = jet + nothing @LHC /s = 14TeV

SM background =jet + Z ; Z - two neutrinos

:Tllfd__i_r_a; = 5TeV ETJEt = 1TeV
4 T T T T T T T T T T T T T T T T T T
10 E |\‘ T T | T T T T T T T T | T T T T E 104 \\ | | | | ]
\% Vs = 14 TeV LHC ] \b Vs = 14 TeV LHC
Q' | 3 @ Mp = 5 TeV B — N Egje > 1 TeV
&, 10 © E 2
=) N & 10° -
+
- 7] +
o - -
o~ q) —
1 3 —
2, : T o100
> - a,
b — %
10_2 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1
2 4 6 8 10
1'1Lf,,-_1 _}_,i[TEV]

a. integrating the cross section over s « MiLé
b: all Giudiceet al., NPB544 (1999) 3



p pbar =2 jet + nothing @ Tevatron

o(pp - jet + Br) [fb]

SM background =jet + Z ; Z = two neutrinos

A f4+§ = 1.2TeV
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KK graviton mediated processes @ LHC
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Constraintsfrom collider experiments

L ower boundson M4+5
Upper boundson R

} from missing-ener gy exp.

Example) LEPI| eTe™ — ~ 4+ nothing

Tevatron pp — v 4+ nothing
Mirabelli, Perelstein & Peskin,

Phys. Rev. Lett. 82 (1999) 2236
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Updates by Cullen et at.,
Phys. Rev. D62 (2000) 055012



Virtual KK graviton mediated processesin a soft brane scenario
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Need reqularization!

» oo (for 6 > 2)

Naive: Cut Off 'm.l:fj?x ~ Mgy s

More physically justified regularization?



I ntroduction of finite branetension (= brane with finite width)

Brane fluctuation
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Bando et al., PRL 83 (1999) 3601

Recoil effect
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hard breaking of momentum conser vation Restoration of momentum

- KK mode universal coupling conservation for higher KK modes
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Moreintuitive picture: branewith finite width

Hisano& N. Okada,
Phys. Rev. D61 (2000) 106003

(n) Toy modd!:
Dy 1.
KK brane fermion + bulk scalar
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finite width
Simple example: effective Y ukawa coupling
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i ioq M & Well
Effect on KK graviton emission processes urayama & VVells,
PRD 65 (2002) 056011
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TeV scalestring theory

Evidenceof TeV scalestringtheory? ~ Mg, ~ Mg ~ 1TeV
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String amplitude
(Perturbative) String Theory

. o M, =+vnMy;(n=0,1,2,...)
Many states. string Regge excitations
J =0,1/2,1,3/2,2,5/2......

Phenomenoloqgy of TeV string theory

string Regge excitations: new contact terms /s < My
string resonances V3> My
i Ll if S ;



Stringy correction to scattering amplitudes Cullen, Perelstein & Peskin,
PRD 62 (2000) 0550212
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v's < My — Contact interaction mediated SR excitations

Example: Bhabha scattering @ 1TeV LC
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§ = ME = HM# —+ String resonance

nﬂf < s < (n+ l)ﬂff behavior of string form factor

Bhabha scattering @ 1TeV LC

Cullen, Perelstein & Peskin,
PRD 62 (2000) 0550212
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Stringy effect: hard scattering limit

Mende & Ooguri, NPB 339 (1990) 641
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g : scattering angle




Stringy behavior @ LHC, if M« =0(1 TeV) Mgt < \/SLHC
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Non-perturbative process?

Vs > My,s  TeVsring, strong gravity

Giddings-Thormas, PRD65 (2002) 056010

+5 di ion?
4+0_dim. Black Hole formation” Dimopoulos-L ansberg, PRL 87 (2001) 161602

4+d dim. BH solution
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BH production @ LHC
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BH decay -> Evaporate by emitting Hawking Radiation
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of produced BH @LHC  ( 100fb™ " integrated luminosity)

Dimopoulos-L andsber g,
PRL 87 (2001) 161602

electron/photon decay channels
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it Mg ~O0(1TeV) BH property has been known

Collider will be designed in order to

NOT produce BH



