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Kaon as a basis of the SM

Kaon played a very important role to find out
flavor structure of particle physics

Suppression of Flavor Changing Neutral Current Processes
=> GIM mechanism
=> Charm quark

CP violation in K decays
=> Kobayashi-Maskawa theory

=> Three generation structure

These are basis of the Standard Model



Status of quark tlavor physics

= The Cabibbo-Kobayashi-Maskawa matrix works perfectly.
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K vs. B in the SM

Flavor signals and CP violation are quite different.

Kaon B meson

e~23%x103 Scp(B — J/$pKg) ~ 0.7
€'/e~1.7x 1073 | Aop(B— KTrn) ~—0.1

B(K; — %) ~ 3 x 10711

B(KT — nTvp) ~ 8 x 10711
(predictions from the present CKM
parameter fit)

B(b—sll) ~5x 107°

This is in accordance with the pattern predicted in the Standard Model.




Flavor in the era of LHC

The LHC experiment will provide the first direct look at
physics at Terascale.

Terascale is the scale of electroweak symmetry
breaking, where we expect a new force/new symmetry.

Flavor should be closely related to the Higgs sector, so
that new physics may have a new flavor structure.

Considering current experimental constraints, it is likely
that new physics effects are less than O(1) of the SM
contribution in quark flavor observables.

Correlations among B,D,K, T and u flavor signals are
important to understand flavor structure of new physics.



Rare Kaon decays

Rare dacays

K > vy

K*-> vv

“Null” test

T violation in K->xuv
Lepton universality test
B(K->uv)/B(K->ev)
LFV

K->ue, mue



K;->mvv, K'->mvv

Theoretically clean processes

H = C(spy*dr)(vryuvr)

The relevant form factor is obtained by K->m ev.
Completely short distance dominated.

Top loop dominated (+ charm loop for K+ decay)
A few % theoretical uncertainty.




K-> mtvv in the SM

Both K ->rnvv and K*->rvv are theoretically under
control.

Im/\t
A5

2
B(Kp, — w’vi) = (2.29 £ 0.03) ( X) x 10710

x 1071

2 2
B(K*+ — ntvi) = (5.26 + 0.06) [(Ir;:\tx ) + (R;;\‘X + R’“:\’\C (P, + 6Pc))

Top contribution X =1.464 +£0.041

0.369 % 0.036¢heory £ 0.033m, £0.0094,, NLO,
0.375 % 0.009¢heory £ 0.031,m, £ 0.0094,, NNLO

Sub-leading contribution - dFP. = 0.04 +0.02

Charm contribution P, — {

. *
)‘q — Vquqd From Ulich Haisch hep-ph/060517

A few % theoretical errors for both processes.




Grossman-Nir bound (1997)

Since the two processes are determined by the
imaginary part and the absolute value of the same
coupling, a simple model-independent bound is
obtained.

B(K; — 7)) < 4.4B(K+ — 7 Tub)
Present experimental bounds

B(K+* — ntvw) B(Kp — 7'vi)

(L47H30) 1000 <21-107"7
BNL E949 KEK E391a

The GN bound can be violated if lepton flavor violation exists.



New physics examples

Supersymmetry

SUSY models introduce SUSY partners.

Squark/sleption mass matrixes are new sources of
flavor mixing and CP violation.

Squarks up to ~3 TeV will be searched for at LHC.

Flavor signals depends on how the off-diagonal terms

are generated.

The K-K mixing is still one of the most
strong phenomenological constraints for
the SUSY model building.
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B(KL—m"vV);B(KL—m"W)SM

In SUSY models, SUSY particle and charged Higgs loops contribute
to B(K->mvv)
The size of the SUSY contributions depends on a SUSY breaking

scenario.
MSUGRA-type model
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stop

Stop mass

Minimal Flavor Violation (MFV)scenario
in minimal SUSY SM (MSSM)
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G.lIsidori, et al. 2006
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Little Higgs model with T parity

-Little Higgs model : a model with a composite
Higgs boson.

N.Arkani-Hamed,A.G.Cohen, E.Katz,and A.E.Nelson,2002
*New particles (heavy gauge bosons, a heavy top
partner) are introduced to cancel the quadratic
divergence of the Higgs mass at one loop level.

*The mass of these particles are around
1 TeV if the model is extended with “T parity”.
C.H.Cheng and I.Low,2003

N

Particle content of the littlest

' Higgs model with T parity.

~10 TeV,
new strong dynamics

~1TeV
Wy, Z,,, o T+,T- uH,dH

~200 GeV A4

A Higgs boson and SM particles
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T-odd SU(2) doublet mirror fermions
=> A new flavor mixing matrix

AN AN B(KO->x0v
djy dj; djy v)

Br (Kp—m° vv)

M.Blanke et.al, 2007

u -10:
Vekm S
d [
4-10 i
W 3-10
2-10
\V/ qH 1-107%°F
Hd '
d . — T Br(K'=m"vv)
1-107%° 2-1071° 3.-107%° 4-107%° 5-107°
W2 Ay B(K* -> t*vv)

Large effects on K->mvv are possible.
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T violation in K decays

KT — 7TO,u+V'u
KT — ’Y,LL+I/M

T-odd triple vector product
L P () XPul

A window to new physics.
Small contribution from the KM phase

0(10~7) for K+ — 7%

Small and calculable effects of QED final state interaction
0(107%) for KT — x%uTv

0(10~%) for KT — yutw
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Effective four fermion interaction

] G . L —
L=— ?SIIIHC.S' Yoll—vs)uvy
V&

“

1 —ys)u

+ Ggsuv(l+ys)u+Gpsysuv(l+ys)u

+Gys Yot vy (1= ys) i+ G5y, ysuvy*(1—ys)u
+H.c..

The transverse polarization needs interference between the SM four fermion
term and new contributions and a relative phase between them.

P (KT —>7TO,U,+VILL) . Gg

P (Kt —yuty) @ Gp, Gr= (Gy + Gy)/2
G; = (Gy — G4)/2 does not contribute to P
at the first order.
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New physics examples

The multi-Higgs model is a simplest model with a
possible transverse muon polarization by the
charged Higgs boson exchange.

If the tree-level neutral Higgs boson FCNC is
forbidden by a discrete symmetry, more than three
Higgs doublets are necessary to induce the
transverse polarization.

SUSY with a large squark flavor mixing or SUSY
without R-parity could induce the transverse
polarization of O(103).

This process is particularly important if we find a
charged Higgs at LHC, but not find SUSY.
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Three Higgs doublet model

Yukawa couplings
L= Z]‘LyddRHd-F ciLyuuRHu + IyeegHz +h.c.
Charged Higgs boson mixing
- + A

Ha
]—;)l+ 1 1 /4] az G*
u — __ — +
Vs - v 1 Bl .82 Hl ’
He+ 1 71 Y2 H2+
Uz

Charged Higgs boson coupling
2
I:(ZﬁG;)lizzl{a;ﬁbKMDdRHi++ Bii—l-pMuKdLHi+ + Yi DLMEQRHi+} +h.c.
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Keeping only the lighter charged Higgs contribution,

< P (Kt = 7% %u,) >~ —0.3m2 1My

m
Hy
< PL(K"' — *y,u'l'uﬂ) >~ —0 1m%([:?21a
Hy

Present constraint from B(B->tv) at B factory experiments

In future, LHC direct charged Higgs search or B-> tv and B-> Dtv
measurements at Super B can put a constraint like

P, . o] <3x107%

Present KEK-E246 limit.

P, . o] < 0.0050 (90%CL) E246 exp
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B(K->ev)/B(K->uv)

= This ratio can be different from the SM if there is a

slepton flavor mixing in the SUSY model. This is due
to flavor changing charged Higgs coupling .

Present combined result

RM = (2.4574+0.032) x 1077 .

A.Masiero, P.Paradisi and R.Petronzio, 2006

From G.lsidori, KAON 2007 summary,
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LEVK decays

Current bounds

BR(K] — p“e™) <4.7x 107" LFV
BR(Kt" - ntpute™) <28 x 107" LFV
BR(KT —7ntpe’) <52x 107" LFV
BR(KY) — n°u*e¥) < 3.1 x 107° LFV
BR(KT — 7 pute™) <5.0x 107" LNV
BR(Kt - nete’) <6.4x 1071 LNV
BR(Kt" — m ptp™) <3.0x 107° LNV

From A.Belyaev, et al, hep-ph/0008276




LFV K decays in the MSSM with a slepton mixing, u—>ey
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Muon LFV are more promising.
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If R-parity is broken, LFV K decays e Y,
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can be the limiting processes. m,

A.Belyaev, et al, hep-ph/0008276 .



Conclusions

K ->mtvv and K*->mvv processes are unique among
quark flavor signals in terms of theoretical
cleanness. Goals of the branching ratio
measurements should be less than 10 % of the SM
prediction in order to match expected improvements
In B physics in the coming years.

T violation in K+-> nuv and K+-> yuv is important
processes to look for CP violation in the Higgs

sector, especially when it turns out to be not of the
SM type nor of the MSSM type.
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