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IntroductionIntroduction

Motivations of considering Extra Dimensions:

(Alternative) Solution to the gauge hierarchy problem
without SUSY

Large extra dimensions
Arkani-Hamed, Dimopoulos & Dvali, PLB429 (1998) 263

Warped extra dimensions
Randall & Sundrum, PRL83 (1999) 3370, 4690
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“Alternative Motivation” to consider Extra Dimensions

In 4D SUGRA, once SUSY is broken, 
SUSY breaking is mediated to the visible sector 
by Planck suppressed contact terms (Gravity mediation)
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in general, 
No symmetry reason to be flavor diagonal

⇒ SUSY FLAVOR PROBLEM

i,j: flavor index
Q: MSSM superfield
X: hidden sector superfield

ij ijc δ≠

Solution to SUSY flavor problemSolution to SUSY flavor problem



( ) ( )
2

,12 2
12 2 10Qd

LL

m
m

δ −≡ ≤
�

O

0 0K K-  mixingEx.

Off diagonal elements of squark 
mass matrix for 1st & 2nd generations

Squark mass average

1st & 2nd gen. 
squark mass matrix
should be diagonal



If visible sector & hidden sector are separated 
in extra dimensional spaces, there is no contact terms 
by the LOCALITY in higher dimensional theory
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SUSY breaking spectrum is induced 
by superconformal anomaly

(ANOMALY MEDIATION)
Randall-Sundrum, NPB557 (1999) 79
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Phenomenological viable Brane World Scenario
= Compactification Radius should be stabilized
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Not the end of the story ⇒ “RADIUS STABILIZATION”
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No radion potential in SUSY limit 
since the radion is a moduli

　⇒ Size of radius is undeterminedスライド 43
　⇒ Once SUSY is broken, 

　　　　　 nontrivial radion potential is generated
⇒ Radius is unlikely to be stabilized only by gravity

N.M. & N.Okada, hep-ph/0508113
　⇒ Additional bulk fields should be introduced 
　⇒ New flavor-violating soft SUSY breaking 

vs Anomaly Mediation

[For stabilization by classical SUSY background, see
N.M. & Okada, PRD70 025002 (2004), Eto, N.M., Sakai, PRD70 086002 (2004)]
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5D SUSY model of a massive hypermultiplet 
on the Randall-Sundrum background

2 21 , TF T R Fϕϕ θ θ= + = +   
Constant 
superpotential@y=0
Constant 
superpotential@y=0

Compensator multiplet 
(Auxiliary multiplet)

Radion multiplet ( )cΦ even (odd)

Marti & Pomarol, PRD64 (2001) 105025
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Background solution (leading order of wo(<<1))
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w0 =0 case ⇒ SUSY solution (solution of F-flatness)

3 parameters (N2, c1, c2) are integration constants
2 of them (c1, c2) are fixed by boundary conditions @ y=0, π
1 of them (N2) is fixed by the minimization of the potential
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Potential

We found a potential minimum 
with                                    for
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AdS vacuum
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Canceling Cosmological ConstantCanceling Cosmological Constant

The radion potential has a negative vacuum energy
(～ － (10^10 GeV)^4)

⇒ should be canceled by some positive energy
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We add a SUSY breaking chiral multiplet “X”@y=0
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SUSY breaking transmission to our world

0 πR

W0

Gravity multiplet
Hyper multiplet
Gravity multiplet
Hyper multiplet Q

L

SUSY breaking and Our world are assumed 
to be separated in the direction of 5th dimension

y

H
idden sector

Visible sectorFX



Anomaly MediationAnomaly Mediation
In this setup, NO GRAVITY MEDIATION@tree level, 
and we get anomaly mediated SUSY breaking spectrum 
We would like to make this SUSY breaking effects dominant

because of flavor-blindness
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●W0 induces mass splitting in gravity & hyper multiplets
●Sfermion masses are generated by loop effects of all KK
● Biggest mass splitting is gravitino ⇒ M3/2 ～ 10^4 TeV
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μ-problemμ-problem

,u d u dW H H V B H Hμ μ= ⊃ Higgs mass term 
in MSSM

“Why μ^2～Bμ～Mw^2 ??”
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If Higgs is localized on a brane@y=0, 
Giudice-Masiero mechanism works  Giudice & Masiero (1988)

Point: FX ～(10^10 GeV)^2 for cancellation of CC
Same order of SUSY breaking scale in Gravity mediation

Canceling CC & Solving μ-problem can be done simultaneouslyCanceling CC & Solving μ-problem can be done simultaneously

N.M., Sakai & Uekusa
in preparation



SummarySummary

We have presented a simple model of radius stabilization 
& SUSY breaking in SUSY RS model 

with a massive hypermultiplet & a constant W@y=0
Radius & the moduli are shown to be stabilized

⇒ mradion ～ 1 TeV, mmoduli ～ 100 TeV

SUSY breaking is dominated by anomaly mediation
⇒ No SUSY flavor problem

◆Gravitino mass ～ 10^4 TeV

◆C. C. cancellation & solving μ-problem can be
done by the same localized F-term SUSY breaking

We have presented a simple model of radius stabilization 
& SUSY breaking in SUSY RS model 

with a massive hypermultiplet & a constant W@y=0
Radius & the moduli are shown to be stabilized

⇒ mradion ～ 1 TeV, mmoduli ～ 100 TeV

SUSY breaking is dominated by anomaly mediation
⇒ No SUSY flavor problem

◆Gravitino mass ～ 10^4 TeV

◆C. C. cancellation & solving μ-problem can be
done by the same localized F-term SUSY breaking




