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Introduction

Flavor physics: probe for new physics.
e Heavy particles and their interactions contribute in various ways.
—> Plays a complementary role with direct measurements (@LHC).
> SM: b — s,d (flavor) @& m; (direct) = Vi, Vis.
> Similar case will occur in the study of physics beyond the SM.
x b—s,d P mg = q; — g — g coupling.
Experimental improvements expected.
e LHCDb: Scp(Bs — J/vp), ---.

e MEG: search for u — e~ with b.r. down to 1013,
> current upper limit: B(pu — e~v) < 1.1 x 10~ 11,

e Super B factories (under discussion) with [ £ = 50 — 75ab—1:
1
—> uncertainties reduced by ~ = ([ L(KEKB 4 PEPII) ~ 1.3ab™1).
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In this work, we study quark/lepton flavor signals:
o LFV (u— ey, 77— pu~y, 71— evy),
e CP Asymmetries in B decays,

> Scp(Bg — K*v), Scp(Bg — p7)
> Scp(Bg — ¢ Kgs)
> Scp(Bs — J/¢ ¢)
in SUSY models with typical flavor structures:

e MSUGRA,
e MSSM with vg's,
e SU(5) SUSY GUT with vg's,
e U(2) Flavor Symmetry model.
We show the pattern of flavor signals varies depending on the model.

—> Flavor measurements are useful to distinguish models.
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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:
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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)
e Normal Hierarchy
> m3 > mo > mq = 0.003eV.
(Am3; > m3)
e Inverted Hierarchy
> mo > mq1 > ms3.
e Degenerate
> m3 > mop > mi,
m? = (0.1eV)? > |Am3,|.

CKM2008, September 11, 2008, Roma

Heavy (vp):

e Degenerate vp: My, o 1.
> u — e~y enhaced.

e Non-Degenerate vp: My, o 1.
> More free parameters in Yy.
> u — e~y suppression possible.

(I) (Y»)12 = (Yu)21 =0,
(V)13 = ()31 = 0.
(1) (V)12 = (Yu)21 =0,
(Yu)23 = (V)32 = 0.




LFV: yu—e~, 7T— puy, 71— e€vy

SU(5)®vg, Non-degenerate vy (1),
SU(5)@v, , Non-degenerate v, (I)
. Mg =4x10" Gev tan B = 30
107 e LALLM ALARARLL AL RALLLLLLL T
Tey
10° - -
2
S 10
510 B
p! Lo ey
=
£
g 12
= 10
A
1014
10—16 i
0 500 1000 1500 2000 2500 3000
Normal Hierarchy m( f; ) [ GeV ]

Normal Hierarchy

SU(5)@v, , Non-degenerate v, (I)
W, = 4x10'* Gev tan B = 30

10°® ] I T ] T T T
T—>ey

107

10712

Branching Ratio

10—14

16 . & :
1081010101010 310 %10 10 %10 10

Normal Hierarchy B(p—ey)

10

ml/Q(MG) < 1.5TeV, mgo(up) < 4TeV scanned.

CKM2008, September 11, 2008, Roma

-8



p—evy, T—py, T —evy: SUB)Org (Yv & pp <« pg running)
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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 by — s(d)r vy, and (by) — (s(d)gr) ~vy,; sSup-
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 — sc¢ 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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SU(5)@Vv, ., Non-degenerate v, (I) SU(5)@v, . Non-degenerate v, (1I)
Wp :4><[D]4 GeV tan [3 =30 Mp :4><ICI]4 GeV tan B =30
01 F . 0.05
_ : . -."".:,;E ' ] !
= ; Mt 1 =
ﬂ:},,_-' i L ] o
T ooF 1;, 0.00 |-
=) : - -
% 1 &
v 1 o7
01 | * | -0.05 |
._.l- : =
_G.E -IIII|IIIIIIIII|IIIlIII.I::‘Il|IIIlIIIIlIIIIIIIIIIIIIIIIIIIIII: _G.1G lIlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlIIIIIII-
0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000
Normal Hierarchy mi( d 1) [GeV ] Normal Hierarchy m( E] ) [ GeV ]

CKM2008, September 11, 2008, Roma 12



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 vg, 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 1013

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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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.
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Backups
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Allowed parameter space: mMSUGRA
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Allowed parameter space: MSSMQvpr

MSSMM R, Degenerate v MSSMN g, Non-degenerate v (1)
pR:4><10 4 Gev tan B = 30 g = 4x10™ Gev
4000 4000
; u( uw)[eV ~ . ;
3500 f- Aol =0 Y 3 3500 |
: Qa=0° | H=° : :
3000 | =0 o 3000 |
I 1200 ] X
> 2500 H 000 1 3 2500}
O [ 800 O X
~ 2000 600 4 = 2000 |
L, b A
Sy :
‘g 1500 ' e - ‘g 1500 F
Higgs ]
1000 - 1000
] t., /T-|HY
500 / /Charg LSP = 500 |
O an ~"'\'|||||||L|||||| ||||| Livstenins Ian ||||| Livaaiarns |||||: O
0 200 400 600 800 1000 1200 1400 0 200 400 600 800 1000 1200 1400
Normal Hierarchy Myo(Hg ) [ GeV ] Normal Hierarchy Myo(Hg ) [ GeV ]

CKM2008, September 11, 2008, Roma 20



Allowed parameter space: SU(5)Qvpr
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Neutron EDM: naive quark model vs. chiral perturbation theory

mSUGRA tan B = 30 mSUGRA tan 3 = 30
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e Source: ¢y .
e Large uncertainty in s quark contributions.
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