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1. Introduction

A new era in flavor physics is dawning.

B factories are giving valuable outputs. (Hazumi)
The CKM paradigm looks OK.

€ parameter: CPVin K — 7w

Vel |Vupl: b — ¢, u transition

Amp,: Bg—Bg mixing = |Vy4]

Amp_: Bs—B; mixing (lower bound) = |V

7(7}}5’3(19 — ¢€s): CP asymmetryin By — VK¢, YKy, ---
—> Sin2¢1

All of these (and others) are consistent with the standard model.
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Present status of the unitarity triangle
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Any room for new physics?
YES!

What kind of new physics?
We consider SUSY here.

New sources of flavor mixing and CPV in soft SUSY breaking

terms.

B and K physics can probe them.
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2. B physics

\Vcb\: b — clv; <= atree level process

C

14

v

New physics hardly contributes.

[Vip|: b — ulyy, similar as |V

But more difficult to extract from experimental data. (Hashimoto)
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Ampg, = 2|M5(By)|: B°-B° mixing < a loop process
Vi i=wet Vig

(b

BY . BY :M12(Bd)’SM

d

SUSY :
Internal quarks and gauge bosons —— squarks and gauginos

Mi2(Bg) = Mia(Ba)|sam + Mio(Ba)|np
New physics may contribute to both | M15| and ¢ (= arg Ms).

Amp, = 2|My3(Bs)|: Similaras Amp,,.
But taking a ratio Amp, /Am g, reduces the hadronic

uncertainty. = The result from CDF is crucial. (Ukegawa)
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CP violation in neutral B decays

AP _re

> ll—l—])\ 2 +(1 — |A¢]?) cos Am t

+2ImA ¢ sin Amt ]

2

|Z_7 A]®

—e [1—|—|)\f]2 —(1 = |Af|*) cos Amt
—2ImA sin Amt]

M _ 0\ 7 — 0
=Gy A=UIBY), A=(1B)

sin term = interference between the mixing and the decay

cos term = interference among decay amplitudes (Direct CPV)
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7(%’3(361 — 1) Kg): CP asymmetry in By — ¢ Kg, - -

tree penguin

d : d
0
B{l_) Vi w Vi _}KS

~ ‘/;;[I;WSF]S + CZ‘/CSFC + VJqusFu
= cﬂ;)‘/cs (FC T Ft)

=+1 = )\ZpKS = —|—€_2i¢1
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Belle
—ImA .z (= sin2¢;) = 0.719 £ 0.074 & 0.035

[Aezs| = 0.950 4 0.049 + 0.026

BaBar
—ImA z (= sin 2¢,) = 0.741 £ 0.067 £+ 0.033

Aezs| = 0.948 £ 0.051 + 0.017

No evidence for direct CP violation.

Suggests no new physics in b — ccs.

= ¢ is measured. It might not be 2¢;.
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3. K physics

CP violation in X — 7
K — mm amplitudes:
(mm(I)|K°%) = Aje®r, I = 0,2, §; = strong phase shift

CPT invariance |} A; contains CP violating weak phase .

(wn(1)| K°) = — Aje

no change in the CP conserving strong phase

If CP is conserved, A; = A7 (real).

Physical amplitudes:A; ;, = (mm(1)|Kp), Ars = (mn(1)|Kg)
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£ parameter: CPV in the I = 0 channel

Ar = |Af]e™!

2iIm(M1262iw0) -+ Im(F12€2iw0)
2Re(Mjze?0) — iRe(T9e%0) + Am — LAT

67j7r/4 Im(M12€2iw0)

(rephasing invariant)

V2 Am

Interference between K°-K° mixingand K — 7wr(I = 0)
=> the relative phase between M5(K') and Aq (cf. B — ¥ K)

Mi5(K): box = New physics may contribute.

Ap: tree and penguin (dominant, A = 1/2). No new phase.
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¢’ parameter: Difference of CPVin I = 0 and I = 2 channels

1 Ays <A2,L
V2 Aos \Aas

Lei(ﬁ/2+52—5o)

V2

—> Interference between Ay and A, (direct CPV)
Experiment: Re(¢’ /e) = (16.6 = 1.6) x 10~* (2002 World Avg)

As: Tree (apart from EW penguin) = No new physics.

e’ /e| < 1 = No large new phase in Aj.

—> ¢ gives arg Mo (K).
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K — mvv: s — dvw, virtually no hadronic uncertainty

(Komatsubara)

F(KL — WOVD)
'K+ — ntup)

29 q A(K° — 7vp)
~ sin = ~ e
" pA(K® — 1)

In the SM,
Kt — ntvp
clean, 7% theoretical uncertainty
= [ViaVisl? o< n? + (1 = p)°

Opw

KL — T
very clean, 1% theoretical uncertainty

= (ImViq 52)2 X 772
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4. New physics: An illustration

T. Goto, Y. Okada, Y. Shimizu, T. Shindou, M.T.
hep-ph/0204081, to appear in Phys. Rev. D.

How large could new physics effects be?
Can B and K physics distinguish several SUSY models?

—> An illustration with three SUSY models:
Minimal SUGRA
SU(5) SUSY GUT with vrs (see-saw)

U(2) flavor symmetry model
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Models

Minimal SUGRA
Source of flavor mixing: Quark Yukawa couplings only (MFV).

= Flavor mixing (and CPV) is controlled by V.

SU(5) SUSY GUT with vgs

Mixing in the v sector — Mixing in the d sector

= Controlled by Vo and Vyng (and additional matrices).

BR(u — ey) gives a tight constraint for our specific choice of
Mp ~ 1.
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U(2) model

1st and 2nd gen. € U(2) doublets, 3rd gen. € U(2) singlets.

cro)\2 & ro)\3
Hierarchical breaking: U(2) X U(1) A (no symmetry)

—> Reproduces the fermion masses and mixings.
Soft breaking masses:

1 0 0
2

=md | 0 147w roge rij ~ O(1).

0 7“536 33
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Numerical results

Effect in €2 mSUGAR ~ O(0.01), SU®) ~ O(1), U) ~ O(

3.0 ——— 20 |

SUB) O vg :
tan B=20 15}

UR)FS A
tan =20 |

1000 1500 2000 2500 1000 1500 2000 2500
m(g) [ GeV] m(g) [GeV]

Potentially large contribution from .S' = P operators due to the

chiral enhancement.
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Effectin Amp,

MSUGAR ~ O(

0.01), SU(B) ~
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0(0.01), U@) ~ O(1)

25f
zof
.|
10|

0.5 |

U@Fs |
tan =20 |

500

1000 1500
m(g) [GeV]

2000

18



TEAO2 YITPR, 2002/8/21-23

Effectin Amp,
MSUGAR ~ (0(0.01), SU(5) ~ O(0.01), U2) ~ O(1)
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Effect on ¢ measurement in U(2)
120 ——

; U(2) FS
90 |
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m(g) [ GeV]
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Effects in Amp,/Amp,, ASS(B — ¢KS) and ¢3
b VT U(2)FS
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Possible implication of AGS (B — ¥ Kg) and Amp, /Ampg,

measurements
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U(2) FS
mSUGRA
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5. Summary and discussion

Ampg_ is the next important step.

Hadron machine

A clean ¢3 determination is requisite. B — DI, ...

(Super) B factories (Katayama)

B — ¢Kg: b — s5s
the same CPA as 1) K g in the SM,
possible deviation in SUSY GUT.

b — sv,b— sll, ... (lijima)

loop induced => potentially sensitive to new physics.
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