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Low-energy supersymmetry

• naturalness and gauge hierarchy
problem of the SM

• candidates for the dark matter

• Gauge coupling unification
=>Grand Unified Theory

*SUSY must be broken
General soft SUSY breaking terms
new flavor mixing sources and
CP violating phases

SUSY

SM



New flavor mixing and CP violating sources 

• SUSY flavor problem

• SUSY CP problem
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e.g., [Gabbiani et.al. ’96]
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Universality
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Modified universality
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*If  off-diagonal entries appear, it can be compensated by large m0 w/o 
destabilizing the weak scale  (cf. in case of Universality)



Modified universality
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Modified universality

• Non-decoupling SUSY contribution to up quark (C)EDM 
contribution from 103
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• Non-decoupling contribution to up-quark CEDM

In general, the SCKM rotation matrices are Unitary

＊experimental constraints

[Hisano, Shimizu ‘04]
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In order to satisfy this constraints w/o 
destabilizing the weak scale, we discuss

Real up-(s)quark sector
⇒The origin of CP violation
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Spontaneous CP violation

– Origin of the CP violating phase
• Yukawa coupling

=>flavor symmetry breaking

– Spontaneous CP violation

• SU(2)F symmetric sector

:real
*advantage

• SU(2)F breaking sector

Yf, Af, mf :complex
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Real up-(s)quark sector
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5bar mixing

*electron mass
CP phase
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[Ishiduki, SK, Maekawa, Sakurai ‘09]
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• Yukawa coupling

E6 SUSY GUT
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272727272727 CYHY jiCjiH 
6EW

161016101616 jiji YY 

[Bando, Kugo ‘99],

[Bando, Maekawa ‘01]

etc.
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Up-type (s)quark sector

CjiHjiHji 5510Y5510Y51010Y
5510





•

Down-type sector
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272727272727 CYHY jiCjiH 
6EW

CH 16161011010 jiCjiH YY 
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CH YY

After GUT sym. breaking

Massless modes originate from the 1st and 2nd gene.CH 155155 jiCjiH YY 



Down-type sector
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*small tan

*large mixing
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SU(2)F and SCPV
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Nontrivial discrete symmetry
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Charge assignment
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*O(1) coefficients  (a, b, c, d, f, g) are assumed to be real
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Yukawa couplings
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• CKM matrix elements

• Tan

Characteristic predictions
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[PDG ‘08]
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[Ross Serna ‘07]
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Numerical analysis

• As an example we took above O(1) coefficients and numerically derived 
the eigenvalues of Yukawa couplings, CKM matrix elements, and Jarlskog 
inv.
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Model predictions and (Reference values)
[Ross Serna ’07] (*3/5Ydi, 3/5Yei)



Up-quark CEDM

• RG effect : in Yu diagonal basis
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Summary

• Modified universality
– non-decoupling SUSY contributions to up-quark (C)EDM

• real up-type (s)quark sector
– Model of SCPV in the E6*SU(2) SUSY GUT

(universal 5bar soft mass, MNS mixing)

Realistic mass spectra, mixing angles and CP phase

Characteristic predictions: V_13 and Tan

RG effects: e|duc|~O(10-27) e cm


