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IntroductionIntroduction
Successful gauge coupling unification in MSSMSuccessful gauge coupling unification in MSSM

However, unification of flavor is not simply realizedHowever, unification of flavor is not simply realized

•• CKM vs. MNS:CKM vs. MNS: naively conflict with quarknaively conflict with quark--lepton unificationlepton unification

•• Yukawa (mass) unification:Yukawa (mass) unification: possible only for third generationpossible only for third generation•• Yukawa (mass) unification:Yukawa (mass) unification: possible only for third generationpossible only for third generation

It i i t t t bt i ti fIt i i t t t bt i ti fIt is important to obtain suggestions of It is important to obtain suggestions of 
GUT flavor structure from lowGUT flavor structure from low--energy physics energy physics 

distinctive lowdistinctive low--energyenergyOrigin of MSSMOrigin of MSSM distinctive lowdistinctive low energy energy 
sparticle spectrumsparticle spectrum

Origin of MSSM Origin of MSSM 
matter in GUTmatter in GUT
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Origin of MSSM matter fields in unified theory ??Origin of MSSM matter fields in unified theory ??
Conventional assumption: Conventional assumption: generation independent matter embeddinggeneration independent matter embedding

A class of modelsA class of models:: unun--parallel generation structureparallel generation structure [Sato, Yanagida, Nomura,  
Bando, Kugo, maekawa, et. al]

several GUT multiplets includes MSSM matter fields several GUT multiplets includes MSSM matter fields 

General situation:General situation:General situation:General situation:

MSSM field GUT multiplets

generation twist angles for generation twist angles for φφii
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Generation twisting and MSSM scalar mass spectrum Generation twisting and MSSM scalar mass spectrum g pg p
Remnants of the twisting appear in Remnants of the twisting appear in 

lowlow--energy squark and slepton massesenergy squark and slepton masses

MSSM scalar masses MSSM scalar masses 

MSSM  RG effects Ms⇔MG (calculable)

generation independentgeneration independent
negligible for i =1, 2 negligible for i =1, 2 •• degeneratedegenerate 11stst andand 22ndnd generationgeneration scalarsscalars

•• suppressionsuppression ofof sparticlesparticle--mediatedmediated FCNCFCNC

e.g. CMSSM, e.g. CMSSM, 
mSUGRA,  …mSUGRA,  …If 

Now: Now: 

•• suppressionsuppression ofof sparticlesparticle--mediatedmediated FCNCFCNC

if Mif Mmedmed >> MG (e.g. gravity),  >> MG (e.g. gravity),  scalar nonscalar non--degeneracy is induced by generation degeneracy is induced by generation 
dependent Gu/Gsm interactions above the GUT scaledependent Gu/Gsm interactions above the GUT scale

With the universal hypothesis for scalar masses, With the universal hypothesis for scalar masses, 
we can probe into the origin of matter through the scalar nonwe can probe into the origin of matter through the scalar non--degeneracydegeneracy
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Induced nonInduced non--universality  universality  
•• DD--term corrections to scalar soft massesterm corrections to scalar soft masses [Drees, ’86; Kawamura, Murayama, Yamaguchi, ‘94]

multiple D-term correction is parametrized by Cartan generators inmu t p D t rm corr ct on s param tr z y artan g n rators n

(independent of breaking 
h i b M )chains above MG)

•• RG effects above the GUT scaleRG effects above the GUT scale [Kawamura, Murayama, Yamaguchi, ‘94, Polonsky, Pomarol, ‘95]

characterized by quadratic characterized by quadratic 
Casimir invariantCasimir invariant

Induced nonInduced non--universality is tightly universality is tightly 
connected to Gu/Gsm charges connected to Gu/Gsm charges 

LowLow--energy scalar mass spectrum  energy scalar mass spectrum  
has generation dependent has generation dependent 

nonnon--degeneracydegeneracynonnon--degeneracy degeneracy 
via generation twisting with θivia generation twisting with θi
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Scalar masses at the GUT scale in E6 exampleScalar masses at the GUT scale in E6 example
three 27three 27--plets as the fundamental matter multipletsplets as the fundamental matter multiplets

(SU(5) decomposition)(SU(5) decomposition)

induced induced 
nonnon--universality universality 

GUT scale MSSM scalar masses GUT scale MSSM scalar masses 

With particular ratios of linear combinations, we can extract θiWith particular ratios of linear combinations, we can extract θi
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Relations between observables and twist anglesRelations between observables and twist angles
three 27three 27--plets as the fundamental matter multipletsplets as the fundamental matter multiplets

(SU(5) decomposition)(SU(5) decomposition)

•• Dominant U(1)Dominant U(1)XX DD--term caseterm case•• Dominant U(1)Dominant U(1)XX DD--term caseterm case

(MSSM gauge dependent RG effects)

•• General case (including DGeneral case (including D--term corrections and RG effects)term corrections and RG effects)

Yukawa dependent MSSM RG effectsYukawa dependent MSSM RG effects
••negligible for small tanβnegligible for small tanβ
••numerically calculable numerically calculable yy

RHS: observables (independent of highRHS: observables (independent of high--energy mass parameters)energy mass parameters)
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Probing into GUT flavor structure with scalar spectroscopy Probing into GUT flavor structure with scalar spectroscopy 
•• DD--term dominated caseterm dominated case •• General caseGeneral case

scalar nonscalar non--degeneracy degeneracy ⇒⇒ nonnon--trivial generation twistingtrivial generation twisting
A key ingredient of flavor origin in unified theoryA key ingredient of flavor origin in unified theory
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Implications of flavor violation processImplications of flavor violation process

nonnon--degenerate scalarsdegenerate scalars⇒ superparticle mediated flavor violation would become largep p g

slepton mediated flavor violation ⇒slepton mediated flavor violation ⇒slepton mediated flavor violation  ⇒ slepton mediated flavor violation  ⇒ 

diagonalizes Yediagonalizes Ye

constraints from FCNC processes rather depend constraints from FCNC processes rather depend 
on the forms of Yukawa matriceson the forms of Yukawa matrices

generation twisting is consistent with FCNCgeneration twisting is consistent with FCNC
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The generation twisting andThe generation twisting and large 2large 2--3 mixing in 3 mixing in 
h d l hh d l hcharged lepton sector enhance τcharged lepton sector enhance τ→→μγ process as μγ process as 

reachable in near future experimentsreachable in near future experiments

Scalar nonScalar non--degeneracy would enhances FCNC contributions and flavor degeneracy would enhances FCNC contributions and flavor 
violation searches may give us implications of generation twistingviolation searches may give us implications of generation twisting
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SummarySummary

generation dependent matter embedding into GUT multipletsgeneration dependent matter embedding into GUT multiplets

diffdiff GG //GG
and scalar nonscalar non--degeneracy is degeneracy is 

induced through gauge induced through gauge 
different different GGUU//GGSM SM 

interactioninteraction

nduced through gaugenduced through gauge
interactions aboveinteractions above MMGG

near future experiments (LHC, ILC):near future experiments (LHC, ILC):
superparticle spectrumsuperparticle spectrum Flavor structure above GUT scaleFlavor structure above GUT scale

MSSM scalar massesMSSM scalar masses
generation twisting angles:generation twisting angles:

Origin of generationOrigin of generation
in unified theoryin unified theory

Generation independent
t ib ti l d tcontributions are canceled out
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