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Introduction

The motivation of this meeting: “Evidence for an anomalous like-sign
dimuon charge asymmetry” [DO, arXiv:1005.2757]

o A% = —0.00957 £ 0.00251 + 0.00146

o AL (SM) = (—2.3792) x 1074
—> 3.2 ¢ deviation.

-
_ Ny T =Ny

A :
Nt 4+ N

g = Nfi = # of bb — utu*X events

A is written by a linear combination of a¢, and a§,.

r(Eq (1) = €T X) =T (BI(t) — £~ X)
F(Bo(t) — £+ X) + T(B(t) — £~ X))’
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BO(t=0) = B [bq], Bo(t=0)=B, [bql.
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bands of ag, a¢, and A%,

agl and af, are consistent with

SM predictions within 1.

Three measurements are con-

sistent with each other.

> Overlapping region is away
from the SM point.

Theo. uncert. K Exp uncert.

> ad = (4.8 ) x 1074

> af = (2.06 + 0.57) x 1072
[Lenz & Nierste 2006]
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Good news, since people who are working on flavor physics frequently
argue...

Flavor physics = probe for new physics beyond the SM.
e Heavy particles and their interactions contribute in various ways.
—> Plays a complementary role with direct measurements (@LHCQC).
> SM: b — s,d (flavor) & my (direct) = Viy, Vis.
> Similar case will occur in the study of physics beyond the SM.
x b— s,d P mg = q;i — q; — g coupling.
Experimental improvements expected.
e LHCDb: Scp(Bs — J/v¢), ---.
e Super B factories with [ £ = 50 — 75ab~!:
—> uncertainties reduced by ~ % ([ L(KEKB 4 PEPII) £ 1.5ab~1).

e MEG: search for yu — e~ with b.r. down to 1013,
> current upper limit: B(p — ev) < 1.1 x 10~ 11 [MEGA].
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Now that an “evidence” of BSM is given, its implication has to be
studied (=> talks in this meeting).

In PRD77(2008)095010 [arXiv:0711.2935], we (Goto, Okada, Shindou
& Tanaka) studied quark/lepton flavor signals:
o LFV (u—evy, 7— uy, 7 —evy),
e CP Asymmetries in B decays,
> Scp(Bg — K*v), Scp(Bg — pv)
> Scp(Bg — ¢ Kg)
> Scp(Bs — J/¢ )
in SUSY models with various flavor structures:
e MSUGRA,
e MSSM with vp's,
e SU(5) SUSY GUT with vg's,
e U(2) Flavor Symmetry model.
We showed the pattern of flavor signals varies depending on the model.

—> Flavor measurements are useful to distinguish models.
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Although we did not study a,d%l’s in the published paper, we computed

SUSY corrections to BY — B~ mixings matrix elements Mi2(Byg) in
order to evaluate:

¢ By, — FS)S mass splittings;

e Mixing-induced (time-dependent) CP asymmetries.

d,s

sl Can be calculated also.

a

Contents in the following:
e Models
e Numerical results (3 agl’s)
e Conclusion
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Models

Minimal Supersymmetric Standard Model: a promising candidate for
the physics beyond the SM.

MSSM = SM (gauge, Higgs, quarks/leptons, Yukawa)
+ extra Higgs doublet (type-II at tree level)
+ Supersymmetry (superpartners, interactions)
+ soft SUSY breaking (> 100 parameters).

Sources of flavor mixing:
e Yukawa couplings — CKM (as in the SM).

e Soft SUSY breaking terms:
> Squark/slepton mass matrices,
> Trilinear scalar couplings (“A"”-terms).
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Y

Mismatch between quark and squark mass bases Skt dk
= flavor mixing in quark—squark—""inos"” couplings.

Mass matrices of down-type quarks and squarks: g

Mg = Ypuy,

2 — ( md +YhYpo? + Dy, Ay — Yo ) —d;
d )

Apvy — p*Ypuo m% + YDYIJSU% + Dy, —dp
not simultaneously diagonalized due to the soft SUSY breaking terms

2 2
mg, mp and Ap.

Studying flavor mixing in the MSSM

)

Studying structure of soft SUSY breaking terms.
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Models: Minimal Supersymmetric Standard Model +«

“+ao'" : mechanism which controls flavor mixing in SUSY breaking.

MSUGRA-type

SUSY breaking SU%S/Q)b_:g:ling e MSUGRA: YU,D (VCKI\/I) only.

> Flavor-blind SUSY breaking
mQ, M1y /o, Ap.
GUTOVR e MSSMvg: Y, affects running.
R B > SUSY breaking = mSUGRA.
> GUT: quark < lepton.

HPlanck —===-=-fF=-%-==----- - peb—— - - - - -~~~

HGUT --

e U(2) flavor symmetry:
i SISt

pp--t----L_ _NEEEN __EESm €

> Yy p ~ ¢ € €|,

MSSM L€ 1]
(e ~ Vip, € /e~ Vus).

2 2
> m ~ m 1 € :
MSUGRA MSSM  SU(5) U(2)FS Q,U,D 0

DrvRr DrRr
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Flavor mixing/CPV source

o Ve (all cases) gr, mixing (running).

> Significant in B(b — s~); small in others.

> GUT => /p mixing (Barbieri-Hall). 10 = {q1, (upr)’, (ep)‘}.
e Y, (cases with vp's) ¢; mixing (running above up).

> GUT => dp mixing (Moroi) 5={(dp)¢, ¢1}.
® mé)(})p(ﬂGUT) (U(2)FS).

> U(2) structure neglected in (s)lepton sector.

e SUSY CPV phases (¢4, du, -+ ).
> Affect CP asymmetries in b decays, EDMs (e, n, HQg).
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Structure of the neutrino mass matrices (MSSM®vg, SU(5)Prg)

Light: |Am3,|(atm) > Am3,(sol) Heavy (vp):
e Normal Hierarchy e Degenerate vp: My, o 1.
> m3 > mo > m1 = 0.003eV. > u — e~y enhaced.
(Am3; > m?) e Non-Degenerate vgp: My o 1.
e Inverted Hierarchy > More free parameters in Yy.
> mo > mq > ma3. > u — e~y suppression possible.
e Degenerate (D (Y2)12 = (Yu)21 =0,
> m3 > mo > mq, (Yy)13 = (Y)31 = 0.
m? = (0.1eV)? > |Am3,|. (1D (Yo)12 = (Yo)21 =0,
(Yu)23 = (V)32 = 0.
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LFV: yu—e~, 7T— puy, 71— e€vy

SU(5)®vg, Non-degenerate vy (1),
SU(5)@v, , Non-degenerate v, (I)

Wy = 4x10' GeV tan B = 30
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p—ey, T = py, T~ ey SUB)Brg (Yo & pp < pg

SU(5)@v,, Degenerate v,
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u—e~v, T — uy, T —ev: MSSM&rg (Y, only)
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Time-dependent CP asymmetries in b — s/b — d decays
e Scp(Bg— K*v), Scp(Bg— pv)
> By — By mixing ® b — s(d)~ decay.
> Interference between bp — s(d); ~v; and (b;) — (s(d)g) v7; sup-
pressed by mg 4/my in SM (Atwood-Gronau-Soni).
e Scp(Bg — ¢ Kg)
> By — By mixing ® b — sss decay.
> Differs from Scp(By; — J/¢ Kg) if new phase exists in b — s
penguin amplitude.
e Scp(Bs — J/¢Y @)
> Bs — Bs mixing ® b — scc decay.
> Small in SM; enhanced if new phase exists in Bs — Bs mixing.

—> dp mixing can contribute to all.
e Significant in SU(5) SUSY-GUT®vg and U(2)FS.
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Scp(Bg — K*v) [b — s], Scp(Bq — pv) [b — d]
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Scp(Bg — K*v) [b — s], Scp(Bgq — pv) [b — d]

Significant in SU(5)®vg, U(2)FS; small in mSUGRA, MSSM&vp.
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Scp(Bg — ¢Kg), Scp(Bs — J/v¢) [b — 5]

Significant in SU(5)®vg, U(2)FS; small in mSUGRA, MSSM&vp.
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Summary: LFV

Model u — ey

T — kY

T — €7y

MSSMEBVR

Degenerate vp, NH Vv
Degenerate vp, IH Vv
Degenerate vy, D Vi
Non-degen. vy (I), NH
Non-degen. vy (I1I), NH

L

SU(5)EBVR

Degenerate vp, NH
Degenerate vp, IH
Degenerate vgp, D
Non-degen. vy (I), NH
Non-degen. vy (I1I), NH

L

Vv
Vv
Vv

Vv

Exp. sensitivity 10~ 13

2 _-8x109°

MEG SuperB®@50 — 75ab~!

Vi B(p—ev) ~1071 B(r — pu(e)y) ~ 1078 possible.
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Summary: Time-dependent CPV in b — s(d)

Scp(K*™y)  Scplpy)  AScp(¢Kg) Scp(Bs — J/¢¢)
SU(S)@VR
Dvp, NH ~ 0.01 ~ 0.01 ~ 0.01 ~ 0.01
Dvp, IH ~ 0.2 ~ 0.02 ~ 0.2 ~ 0.1
Dvg, D ~ 0.01 ~ 0.01 ~ 0.01 ~ 0.01
NDvg(I), NH ~ 0.2 ~ 0.1 ~ 0.1
NDvp(II), NH ~ 0.1
U(2)FS ~ 0.2 ~ 0.1 ~ 0.1 ~ 0.1
Exp. precision [ 0.02 —0.03 0.08—-0.12 0.02 —0.03 ~ 0.01
SuperB®@50 — 75ab—1 LHCb®@10fb—1

e Small in MSUGRA, MSSM&vpg.
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Semileptonic asymmetries

(I 12| < | M| for BO — BY).

W (1)) = c(t)|BY) + &(t)|By)

S e(®) ) M1 =411 Mio— 412\ [ c(t)
dt \ c(t) Miy — 4%, Moy — 5Mon ) \ (8

BY(1)) c(0) =1, &0)=0, o
|§2(t)> c(0) =0, ¢(0)=1. b W— _d,s
U, c

It is reasonable to assume Mo = MM, since the decay process is dom-

inated by tree-level W exchange.
—> MPYSY generates deviations in a%®.
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SUSY contribution to Mya: M = MPM + MPYSY

SU(5)®vp , Non-degenerate Vi (I) SU(5)®vp , Non-degenerate v (II)
We = 4x10'* Gev tan 3 = 30 Wp = 4x10™* GeV tan 3 = 30
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SUSY contribution to M-

Mqp = M _|_ MSUSY
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a [10%]

SU(5)®vp , Non-degenerate Vi (I)
Wp = 4x10'* GeV tan B = 30

d b
Normal Hierarchy ag [10 7]

Deviations can

a 110%]

U(2)FS tan § = 30

be significantly larger than SM uncertainties, but...
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Conclusion

e Quark and lepton flavor signals are studied for SUSY models with
various flavor structures.

e Each model gives different pattern of signals in b — s, b — d and
LFV processes.

e Measuring many processes is important to explore flavor structure
of new physics beyond the SM.

e Reducing theoretical (hadronic) uncertainties in SM predictions to
O(%) level is important.

ds can be different from SM values, but insufficient to saturate

S|
the newly measured anomaly in the models studied here.

® A
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