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New era of Flavor physics

For a long time, the CP violation was con-
firmed experimentally only in the K9— K9 mix-
ing. Now, we have observed:

e non-zero €' /e
e CP violation in B — J/«wK g decay.

For a long time, flavor mixing was observed
only in the quark sector. Now, we have clear
evidences of

e Neutrino oscillation




e CKM Physics and kaon decay:
KT = atup

ik

K7 — mOuvi
Kr — mlete

Ky — ptu

e Forbidden or suppressed decays in the SM:
T violation in KT — «%uTv
KT — ?r“l'ep;

K —ep

e Muon lepton flavor violation:
Pk ey
@ — e conversion in muonic atoms
w— 3e
Muonium - anti-Muonium conversion.




Present status of quark flavor mixing
Consistent determination of the unitarity tri-
angle,

— Establishing the Kobayashi-Maskawa mech-
anism of CP violation in the three generation

Standard Model.
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Present constraints on the Unitarity triangle.
® .
¢ BY —B_ﬂ mixing. (AMpg,)
e Charmless b decay.

e Time-dependent CP asymmetry in B —
J/WKg and related modes.

sin(2¢1) = 0.99 + 0.14 + 0.06(Belle)
0.59 + 0.14 4+ 0.05(BaBar)

sin(2¢1) determination is the first crucial
test of the KM mechanism of CP violation
in the SM.

e Lower bound of AMpg,.
The Tevatron Run-II experiment will de-
termine AMp, in a few years.
The second crucial test of the KM mech-
anism.
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Kt = atvp and K — «%p

Theoretically very clean processes.

e Little hadronic ambiguity:

The form factor is determined from KT —
'?TDE-_I_I-".

e QCD corrections are under control.
Ambiguity from higher orders: ~ 7% for
KT — 7Tuvr and O(1)% for K; — oD

In the Standard Model,

B(Kt s atup) ~ 4.8x107 (52 4+ (1.4 —p)?)
N | e e
(BNL ET87)
B(Ky — 7%p) ~ 2.0 x 1071%?
& <5.9% 107" (90%CL)
(KTeV)




If new physics effects dominate in Ky —
%5, there are two possibilities. v .Grossman and

Y.Mir 1997

Without lepton flavor violation, a model-
independent bound follows from B(K; — nTvD)

B(Kp — m%up) < 4.4B(Ky — ntub).

If some lepton flavor violating interaction
exists,

B(Kp — n°v;i7;)

can occur through CP conserving interactions.
(ex. R parity violating SUSY model)
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Future flavor physics

In 2006, the LHC experiment will start. Physics
issues will depend on outcomes of the LHC ex-
periment. (SUSY may be discovered, or dis-
proved.)

“"New physics search” will be a major inter-
est for flavor physics. For this purpose, it is
important to look for new physics effects in
several theoretically clean processes in K and
B decays, because pattern of the deviation
from the SM provides us with a hint for new

physics.

Example: Minimal Supergravity model.
SUSY effects:

e enhance ex and AMg,,
e suppress B(K — wvi),

e do not change AMp /AMpg, and Agp(B —
J/W.P‘:ig)ﬁtﬂ-.




Minimal Supergravity Model

T.Goto, Y.Okada and Y.Shimizu, 1999
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T violation in KT — 7% v e
Transverse p+ polarization. 41"--@/
'l(l.

& - (pr X pji)
+» T-odd quantity.

Pr(KT — wpty) = (=3.1 £ 3.7 £ 0.9) x 105
(KEK E246)

e Small T violation effect from the KM phase
in the SM (0(10—")).

e Small fake T violation from final state in-
teraction (0(10—%)). A.r.zhitnitskii, 1980, V.P.Efrosinin,
I.B.Khriplovich, G.G.Kirilin and Yu.G.Kudenko, 2000

An important process to search for new source
of CP violation.

e Multi-Higgs-doublet model (n > 3).

e SUSY model with general flavor mixing.
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Multi-Higgs doublet model (n > 3).

1 n—1 »
L = (2vV2Gp)2 Y {eiuirVoxyMpdrH;"

=1
- ﬁiu_RﬂdrUVg;(M{fLH?j_i- S TﬂFLfoEERHj} + h.c.

T odd effects arise as an interference term be-
tween the WTand the H* exchange diagrams.

|
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Pr(K™ — mp v) ~ —0.2—5-Im(y107)
H

Using the bound on |[Im(y1e})| from B —
T X,

[PT(H+ — ) <1x 1B~
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ﬂﬂ(f{"l" — 79T v) v.s. Pp(KT — yuty)
Transverse pT polarization in KT — quTv
also implies T violation.

Correlation between two quantities depends
on models beyond the SM.

e Multi-Higgs doublet model.
M.Kobayashi, T.T.Lin and ¥Y.Okada 1996

Pr(n%utv) ~ 2Pp(yuTv).

e SUSY model with large squark flavor mix-
iNg. G.H.Wu and J.N. Ng 1996

Pr(n°utv) ~ —2Pp(yutv),
for a loop induced sy —up — HT coupling.
Pp(x®utv) ~ 0, Pr(yutv) # 0,

for a loop induced sg — g — W coupling.
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L epton Flavor Violation (LFV) in charged lepton

Processes

&Lf —a
;.1"‘ —3 r_J."I'ﬂj-
,u"' =Scilieiion
i~ — e conversion in muonic atoms
T 7 oy
T — S
.&Lf =2
Muonium (gTe~) - Anti-Muonium (p—e™)
conversion

The Minimal Standard Model —> No LFV

The simplest extension of SM with Sea-Saw

or Dirac neutrino

—= Charged-lepton LFV is negligibly small
(B(p — ey) < 10 40}

A clear signal of physics beyond the SM (with

neutrino oscillation) |
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Upper Limits of Branching Ratio
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Experimental Bounds

Process Current Future
B(utT — eTv) 1.2 x 10~11 10-14(PsI)
B(ut —seTete) 1.0x 10712

a(p~Ti—e~T;) _13
rT-[:IH._'IT.'—'.-t:U'jH-'H.r‘e;} 6.1 x 10

alp Aj—=e” Ay) —16
a(p— Aj—ecapture) 10 (MECG}
B(r — uvy) 1.1 x 10=°
B(r — 3u) 1.9 x 10°°
G_q r.”Tlr”/C':JL_ 3 bt 10_:5

i

(Hypars = 2207 (1 — v5)efiy* (1 —vs)e + Hoc.)

Examples of New Physics

ALy =1

SUSY (SUSY GUT, SUSY model with right-
handed neutrino)

R-parity violating SUSY model

Model with extra-dimension

Model with violation of Lorentz invariance

ALy =2

R-parity violating SUSY model

| eft-Right Model with triplet Higgs field
~Model with bilepton
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Comparison of three processes.
For ,ur‘" —% e+"r:

L photon — mp'eA H’.ﬁg”y ert (1Y
+ HL“ALHJ“UER_F}LV _|" .h-l:

For ut — etete:
Lyhoton + Heee four — fermion int.

For u=— — e~ conversion in muonic atoms:

Lphoton + €1Gq four — fermion int.

Relationship among three branching ratios
depends on theoretical models. In many cases
in SUSY GUT and SUSY with right-handed
neutrino, Lypoton Jdives dominate contributions
for all three. In such a case,

B[gf'_ s eTeTe ey B¢ lG_EB[H — ev)
o(u=T:; — e~ T;)

s ~ 4 x107°B(u— ev)
a(pu—T; — capture)

Other possibilities can be realized in some
parameter space of the SU(5) GUT and SUSY
models without R parity conservation.

— Discrimination of models
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Polarized muon and LFV search

Highly polarized muon is available for rare muon
experiments. pt from «T stopped at the sur-
face of the targets is 100 % polarized. (Sur-
face muon)

e The polarized muons are useful to sup-
press the background processes for uT —
E_I_"f search. Y.Kuno and Y.Okada 1996; Y.Kuno,

A .Maki and ¥.Okada 1997

e For ut — et~, the chirality of interaction
can be determined by angular distribution.

/

dB(pt — etv)

14+ 4, ..-P,cosé
dcos 6 + Auseyy
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e For ut — eTeTe—, T-odd and P-odd asym-
metries can be defined.

N{.Fz}ﬂ}_'w{-lnz{ﬂ}

L N(P. > 0) + N(P. < 0)
4, - N(P>0)-N(P:<0)

2T N(E >0+ N(FP<0)
P N(P, > 0) — N(P, < 0)

N(P, > 0) + N(P, < 0)
SU (5)& SO (10) SUSY GUT models

SU (5) SO (10)

Afi—sen +100% -100% — +100%
Ap, -30% — +40 % ~ —A, ,ey/10
Ap -20% — +20 % ~ — A ey /6
<15% < 0.01%

Y.Okada, K.Okumura and Y.Shimizu, 2000
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Z-dependence of the u — e conversion rate

a(p N(A, Z)— e N(A,Z))
o(p=N(A, Z) — capture)

B;rc: =

o(p  N(A, Z) +e N(A,Z))
= /dam(qp(")w(”} (Paﬂ))

e Since the conversion process is coherent
process, a nucleus with a larger Z is pre-
ferred, but for a large Z, there is a sup-
pression by form factors.

e For a heavy nucleus, relativistic effects and
Coulomb distortion of the electron wave
function become important.

S \Weinberg and G.Feinberg, 1959; O.Shanker, 1979; A.Czarneckil,

‘W.J.Marciano and K.Melnikov, 1997
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R.Kitano, M.Koike and ¥.Okada, 2001

Different Z-dependences for various types
of interactions.
— Discrimination of models
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Summary

e Both B decay and K — wwvr experiments
are important for precise determination of
the CKM parameters and search for physics
beyond the SM through the unitarity tri-
angle.

e Other K decay experiments such as the T
violation search in Kt — vr”,uﬂLu provide
us direct ways to look for new physics.

e Search for lepton flavor violation is very
important because well-motivated models
beyond the SM predict large branching ra-
tios.

e All three processes, ut — ey, pt —
etete— and u— —e— conversion are impor-
tant to distinguish various models. Polar-
ized muon experiments are also useful.
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