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Introduction & Motivation

What we can learn from B factories:

® CP violations: time-dependence CP asymmetry & direct CP violation
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BaBar Belle

BR x 107° A BR x 107° Aep
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® Test QCD theories: PQCD, QCDF, final state interactions etc.%
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® Determine the parameters of CKM matrix elements, or f;

V,=>B—>
V,=>B—>
V, 1V, = B,

X1y
XJlv
_B,/B.-B

V,fe=>B->1v,




® Probe flavor structures: %
1.B>Ky,B>K"12B—>171,1"17y
Experimental result with 0.35 ab
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Sensitivity at Super KEKB
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Super B/Flavor Factories
=10'" B-siyear

»LHCB @ L, >10% (~10'B's/year)

»Super-Flavor Factories

re+e- superB: KEKB @ L,,=2x10% /em?/s (N. Katayama'’s talk this session)

»linear Super-B factory @ L,,,>10% /cm?/s(J. Seeman)
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(PV in Rare Decavs & ¢~ Precision
Measurement Goal Jfab | 10/ab | 50/ab
S(5° = ¢K0) = 5% 16% | 8.7% | 3.9%
S(B'—= 7 K)) = 5% 57%] 3% | 1%
S(BY — Kin") 82%| 5% | 4%
S(B" = K.n'y) SM: =~ 2% | 11% | 6% | 4%
Aep (b — 5y) SM: = 0.53%]1.0%] 0.5% | 0.5%
A (B — K'y) Sh: o= 0.5%0.6% ] 0.3% | 0.3%
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Future tau (t) physics

A Super B Factory is also a
powerful -charm Factory

= Rich, broad physics program that covers
B, T and charm physics

= Examples:
examination of rare charm modes
DP-D%ar mixing
SCUCUCCCIPEINN < carches for 7—uy with unprecedented
RISl < csitivity. B-factory: 1 X10°7T
Super-B: 100 X107 1

CLEO—c: 10 X10° 1
N Katayama BES=ITI: 100 X10° 45




e results up to 2005

mode X107 mode X107
TNy BaBar 0.68 t—>1lI 1.1-3.5
Ty Belle 3.1 1 —>ute-e- | BaBar 1.1
TUn Belle 1.5 1—>u-e-e* | Belle 1.9
T€en Belle 2.4 t—>Ihh BaBar 0.7-4.8
T>un’ Belle 10 T >utn e | BaBar 0.7
1->en’ Belle 4.7 o d \VA CLEO 20-75
T un’ Belle 4.1 1>ep” CLEO 20
1>end Belle 1.9

TouKs CLEO 9.5 T >AT Belle 1.4
1>eKs CLEO 9.1 T >An- Belle 0.72
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mode %107 mode X107
TNy Belle 0.45 >l 1.1-3.5
T>ey BaBar 1.1 1 —>u‘e"e” | BaBar 1.1
t>un | Belle 0.65 1 —>u-ee* | Belle 1.9
T€en Belle 0.92 1—>1hh BaBar 0.7-4.8
t>un’ | Belle 1.3 T >utn - | BaBar 0.7
t>en' | Belle 1.6 i d VA Belle 2.0-7.7
t=>un’ | Belle 1.2 T>up° Belle 2.0
t>en’ | Belle 0.80 T AT BaBar 0.59
1>uKs | Belle 0.52 T AT BaBar 0.58
1>eKs | Belle 0.60 T >AK" BaBar 0.72

T AK- BaBar 1.5




B Possible sensitivity with Super B-factory
® Red band for 5000~10,000fb"
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|_epton flavor violation (LFV) %

» quark flavor changing via charged current; charged weak current is written as

d
- - 1-7
J,=(u,c,t)y,R|s|=Uy,PD, P = 25
b

In terms of physical eigenstates

J, =07, P Ys¥gd, u =v™U,d =V>D

w?p W
_ = \_/CKM
By Wolfenstein parametrization
2
1—% A AL} (p—in)
2
Ve = ~A 1—% AL’
AV (1-p—in) —-AL° 1

% A=0.82, 1=0.224



Q.

> In the standard model (SM), the flavor changing neutral currents (FC%
arise from loop

» Rare decays induced from loop will be sensitive to new physics.

> In the SM, since neutrinos are massless, there are no flavor violations in
lepton sector

1
‘Ju

— v, 11;_ =
vy P %3: utl, =vy,Rl,

» According to observed neutrino oscillations. we know that
neutrinos have masses so that  |v; >= " Uailva >

Majorana CP-
violating phases

|V1 0 0 —‘ |' GEINY 313'?_'”—‘ |' C12 813 [31 [E"-'“”E 0 D}
U = |0 a3 83| % 0 1 0 X | —813 €13 0] % 0 e=2/2

0 —S23 €23 —s136" 0 13 J 0 0 1 [ 0 0 1J

Atmospheric Cross-Mixing Solar

Maki-Nakagawa-Suzuki-Pontecorvo (MNSP)



Higgs-mediated LFV %

® Nonzero neutrino masses are definite.

® It is found that seesaw mechanism, by introducing singlet right-handed
Majorana neutrinos, is one of natural ways to solve the tiny neutrino
masses which are less than eV.

® In non-SUSY models, the effects of LFV are suppressed by
1/Mg, which is around GUTSs scale 10*° GeV.

¥ éi\\\,\/’/\/:\:lj% F.."

VAN NV

® However, in models with SUSY, due to the right-handed Majorana
Introduced, the flavor conservation in the slepton sector at unified

Borzumati,

scale will be violated at the M, scale via renormalization. .ero pri57 961

Hall, Rattazzi, Sarid,
d (m2) ( d ( ﬂ}) PRD§§£O48;Babu, Kolda,
TToiily = | Tl PRL&8P41802
dlog Q" LY dlog Q" Y] e

1
t—s [mPYIY, + VJYumi + 20V mZ, Y, + mj Y1V, + ,43,4,}]“

% — L= EHYELLHd + I_IRT!’;LL + %L"Eﬂ{fﬁ (R




Babu & Kolda’s mechanism for lepton flavor violation %
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— £ =ERYgELH] + EpYg (a1 + Y]Y,) ELHY + h.c.

o 9 o 3 9 9 a9
Egazﬂgﬁ.ﬂﬂfg(mimfﬁm? m? ) x = ——EuMify (n?,mi ,m3 , M7).

T,

X9 g
€9e = E'EMMEJFE (P—’-E-. m;,,mp, Mé?) : €94 = g*ﬁﬂ-lwzfz (#-?f me ,mz Mzz) :
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¥

e = oopb [2fs (M7, mR, m2 ) — fi (M2 md ) + 21 (M7, 2, m, )]

gt [f1 (2, m , M3) + 2 (1,3, M3)]

1/4 M K32
cos? 3

— L~ (2G2) (Trp) [cos(3 — a)h® — sin(8 — a) H® — i A°] + h.c.

€
7
[1 + (e1 + e2(Yi Y, )3a) tan 3]

Kij — —

® At large tanf3 ~ mt/mb, or cosp << 1, the Higgs-mediated LFV will be
enhanced



Implications of LFV in t decays

@ 1 u (v, 3u, ¢, KK) induced by slepton mixings with large tanf3
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Dipole operators
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@ LFV with Higgs-mediated

_’Eeff = E'Hi};. [53JH§ o= {El'ﬁij + Ezfij) HE*] .EILJ' + h.e. .

= EprMYE; + h.c.. _
e | nonholomophic terms

Y: diagonalized Yukawa matrix of leptons

A2 a2
[;; = {,ﬂ\m-ﬂ;lu_fﬂ’?[]

» Due to nonholomophic effects, m? is not diagonal matrix

» Since /][, are loop effects, they are much less than 1,
the LFV can be regarded as a leading expansion of /7,1

UMPUT = (14 A)MP(1 — A) = M&® ., Uyp ~ 1+ App)

| :'D ..
(M?). =~ (M), Ay~ (My)y

LAy (i #7).
1 (M) — (M),



» Employ the physical mass eigenstates of the Higgses

1

ReHY = v;+ — [cosaH® — sin ah”] .
H* 4 V2
Hd - dj, 1
Hg ReH? = v, + E [SiHﬂHn —j-Cl}Sﬂ’hﬂ] !
H o
H = -
‘ —Hu) ImHY) = % [cos BG® — sin BA°] |
ImH? = = sin BG? + cos BAY] .
V2

» The interactions for the LFV via the Higgs-mediated mechanism
are expressed by

mficij
cos? 3

HE = (V2G)? Crilr; [sin(a — B)H 4 cos(a — B)h® — iA°] + h.c.

Cij = ealij /(1 + (€1 + ealui) t-anﬁ}g. Ii_;l' = {‘iﬂl'ijij,’wna




QT Uy
> Since the LFVsin ¢ — 1y and 7 —=>1X(X =1"1",7", f,(980), KK)

decay are driving by the same mechanism, to simplify the discussions,
we take M;~M,~mg~p~ my,

1 m2, (Am2)., _
Ap = W L™ tan (3(1 + tan? 6y ).
R 6(dm)2 m2  mj an (1 + tan” 0w ),

o~ 5 T - .~ e 1 N 1
b 4?:51112[29“:]’ 2™ 167 \ 3cos? Ow  sin?By )

’TE? Eﬂ% _ (&m?:)ij ~ — [:4711_}2 (Gmﬁ}’j}’; + QAiA)t_j In (%)
T 1
< 47\ ]
=k II'"& 1 > My~ 10 GeV, My~ 10% GeV
30 \ ]
; \ 1 » tan=60
15F ]
i ~_ IS BR,,, < (0.45, 0.68) x 107
Y S Y I 1 R
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Ey 2 02
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0.5 i «f=0.17 GeV
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9 11 ( f,(980), 5(600)) J H
-—- <. f,(980), (600)

| fo(980)) = cos#|ss) + sinf|nn) , nii = (ui + dd) /2

lo(600)) = —sinf|ss) + cosf|nn) , . - . -
(fol35]0) = myfr,, (0°|35]0) = m. f;,

2

GE1?H3|C f|2 ~ 2 ( cs se \2 m?
L(T — £fo(980)) ~ —E o ( : H) > _ ) (1=
< f0(980)) 167 cosé 3 msmy, [, oS m; M3 m2

e S: cos(a-P)sin a ; sc=sin(a.-f)coso

i 35” (1 — €o(600)) Mg f* tan @ ’ 1 — m2/m? 2
éj_ T(r — £/5(980)) ( my, [}, ) (1 — m?2 /mz)
S 2f .
E:.si : e decoupling limit: o— B—mn/2
= 4 : . 0= 300,
0.5] ] m,=0.15 GeV,
' * o~ f# =0.33GeV

100 150 200 250 300
(b) M u (GeV)
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2.2 T |2 2 : 2
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n i

0 3.95q2

C, = (sin? Bsin g fym2,/2)2(1 —m2/m2))2 Cr, = (memy, f3, cos0)2(1—m, /m2)*

 decoupling limit: o— B—mn/2

C(1 — £f5(980)) : (7 — fuTp™) : (7 — €n) = 1.3 : 0.36¢, : 1.
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Speculation of Higgs-mediated effects

® In terms of squark mixings,

Babu,Kolda,
PRL84,228(00)
D ok
6 | Hy | Hy
Lk | _ - ~ I N
QLI —‘i— . DR] -Uiik l N QI_ﬂ
Q ; v D Qi Dy
— - oy -— — - — s — —
g Hy; Hp

— L.y = DrYpQrHy;+ DrYp [Eg + EuY-iuYU] QLH, + h.c.

? 1,4"* Fa F - 3
Lo = ﬁ e [ fabrdr + 1*,55.5;;5;‘] (E'{J-S BH™ — sin ,SHS) + h.c.



® |t is interesting to examine the effects on B decays

1/2 m
i qq = o q I 1 i o] hﬂ
£p (‘/EG’I ) cos 3(1 + tan Fep) t(=sina+ cosac)

+(cos a + sinaey) HY]gq — isin ﬁADq’:@,q} :

1/2 C
s (»@GF) ViV 3 Gbr [cos(a — B)R° + sin(a — B)H® +iA"] .

———=qL
cos? 3 2

C; = exyy?/(1 + tan f¢;) /(1 + tan Bep)

» Charged Higgs on B—1tv

> Higgs-mediated on B, — B,
> Higgs-mediatedon B, —1*1",B > K11~

> Higgs-mediated on B — K (7, 77)



