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Fine-tuning (naturalness) problem in the Standard M odel

Standard model: gaugetheory SU(3). x SU(2); x U(1)y
quarks & leptons & Higgs

Non-zero Higgs VEV deter mines the vacuum
SU2), xU(1L)y = U(1)em
W, Z bosons get masses of order 100 GeV

Serious problem: SM vacuum isnot stable under quantum corrections
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If new physics scale >> electroweak scale
For example Anew = Mpanek ™~ 101°Gev

(HY = (mi%)? - A2,

- O(M3) = 0((1019GeV)?) — 0((1019GeV)?)

Fine-tuning is needed!

In order to solvethis problem
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Brane World Scenario

String Theory : classical solution  (Polchinski ’ 95)
D-brane: D+1 dim. object embedded in higher dim. spacetime
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Open string = fermion, boson, gauge on D-brane
Closed string = graviton in the bulk




Phenomenological model

4+ dim_/ We are confined on “ 3-brane”
. Graviton livesin the bulk
SM fields

% graviton
/ » O (compact) extra-dimensions

“3-brane’

Beyond the standard model - Brane World Scenario New property
4+0 dimensions “ geometry”

Typical Scenario: Large (flat) Extra Dimensions (Arkani-Hamed-Dimopoulos-Dvali, ' 98)
War ped (small) Extra Dimensions (Randall-Sundrum, ' 99)



L arge Extra Dimension Scenario

Solution to fine-tuning problem without SUSY

L ow scale gravity model in 4+5 dimensions Apew = Mgys ~ O(1TeV)
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General picture of BraneWorld Scenario

Setup: 4+6 dimensional model € compact & extra-dimensions

some 3-branes

Branefields
Bulk fields

|~ » O (compact) extra-dimensions

“3-brane’

4 dimensional description
branefields

Infinite tower of Kaluza-Klein modes of bulk fields

characteristic couplings between brane and bulk fields




Toy model

M assless Bulk boson

Fermion _
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Equation of motion
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Example: 5(=4+1) dim. mode€l ( compact 5-thdim. on S*1)
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4 dimensional description
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After rescaling
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Characteristic features: KK mode mass n/R

universal coupling




L arge Extra Dimension Scenario

Phenomenology

M 4+5

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




4D reduction of 4+0 dim. Einstein’s Egs.
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Feynman rules
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Detection of Extra-dimension @ future colliders

-> detection of KK graviton
direct - KK graviton emission

indirect KK graviton mediated process

First detection of spin 2 particle!




KK graviton emission process

Emitted KK graviton = non-interacting & stable particle

- Missing ener gy event

Example: ete™ — ~ 4+ nothing

SM background: ete™ — YUV

Each processis suppressed by 1/17p?
But x # of KK modes —
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Virtual KK graviton mediated process
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Calculations of some processes
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Results |: total cross section

< new physics evidence

I1: angular dependence of cross section

< effectsdueto spin 2 particle exchange
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Anqgular dependence of cross section
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Anqgular dependence of cross section
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ete” 5 vV pr ocesses
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Angular distribution
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ete™ = hh Process

KK graviton exchange is dominant

SM background free = very interesting

If this cross section islarge enough

4+ - A2 | mﬁ 3 5 4
agleTe  — hh) = 280 HE\.‘: 1-— -’-1T {s — 8mj s + 1'5”4';',3}
4 5' L
10 ;¢ ]
olfo]  \ V=1 TeV
0.1 my, = 120GeV
0.01
0.001
0.0001

2000 4000 6000 8000 10000




Anqgular dependence of cross section
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Results of ssimulation studies (VERY Preliminary!)

eTe™ — hh Process
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J5 = 1TeV
Mg = 2TeV
my, = 120GeV

Not including SM background
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M_h Distribution I hMassh1
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