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Why study Rare Kaon Decays ?

» Search for explicit violation of Standard Model

Lepton Flavor Violation

> Probe the flavor sector of the Standard Model
FCNC

» Test fundamental symmetries
CP, CPT

» Study the strong interactions at low energy

Chiral Perturbation Theory, K structure

» Exploring lepton mass matrix

Unique possibility of measuring double beta decay analogue for p.
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Rare decays: K; decays

Mode Expt. value
o3t K; —» vy <6.7 x1078 =(2.7+0.4) x 10711
e K; ->n'n®vw <47 x10°°
%K, > m ete < (3.11+0.19) x 1077
- 0tlere” < 6.6 x107°
- utu (6.84+0.11) x 107°
- ete” (9+8) x 1012
- moutuy~ <3.8x10°10
- mlete” <2.8x10710
- etut <4.7 x 10712
> etetputut <412 x 1011
> mletut <7.6x10 1
- mo0mletut <1.7 x 1010
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K*decays

It Kt > vy (1.7+1.1)x10719 =(8.5+0.07) x 1011
. > TTToVY  <4.3x107°
- mtete™ (3.00+0.09) x 1077
> matutuy~ (8.1+1.4)x10°8
— u~vetet 2.0x10°8
>mTute” <1.3x10™M Lepton Family Number
> mwtetuy~ <52x10710
> et <50x10710
s>t etet <6.4x10710 Lepton number
> utpt <3.0x10°°
>ty <2.3x107° Angular momentum




K™ - vy

Theoretically clean mode
Buras: K* - ntvy, K° - nvv, ratio x4/x; of BY — BY to
B? — B? mixing and class of asymmetries in neutral B decays

cleanest observables, being essentially free from hadronic
uncertainties.

Hadronic matrix element of the operator

§yu(1 — ys)d Vyﬂ(l — Ve)V

can be measured in the leading decay K* - nle*v

K.a’B(K,,)
- : XA+ XA =
) Sixa e x
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8.9x10A*|(p, — p)? +777]
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Project X sensitive to 1000
SM events.
BSM rates 10x SM rates.
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K; - nvv

Buras: Kj — n®vv, Kt - m*vv, ratio x;z/x; of BY— BY to
B? — BY mixing and class of asymmetries in neutral B decays
cleanest observables, being essentially free from hadronic
uncertainties.

Purely CP-Violating (Littenberg, 1989)

Totally dominated from t-quark

«Computed to NLO in QCD ( Buchalla, Buras, 1999)
*No long distance contribution SM ~3 x 10-1

Backgrounds:
K, - 2n%, nlete”, nlyy

Difficult mode to measure
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Rates of K? -» ®vv and K™ - wtvv sensitive to
models also

The Randall-Sundrum (RS) idea
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K, > n'w vs. K" > n"vw| (RS)

» (Up to Factor 3 and 2 Enhancements) ‘
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Effect of Warped Extra Dimension Models on Branching Fractions
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K; » mmé+€- > 0,
x / T
G " am} |’
dr:w sinf@cXo, |1— ; I(s,,5,0,0,®)ds dsd cos® d cos®,d?P ,
K
=1,+1I, cos2@,+1, sin’ \\l 1
{Il 5 €0820), + 15 5sin“®; cos2P I]=}[{|F1l2+%{iFg|2+|F3|2)5m2@ﬂ]
+ 1, 8in2@, cos® + I 5 sin®, cosd H(F53—F 23],
L=—3[{|F,|* = (| F,|*+|F;|*)sin’® ]
+Iﬁ GDS@; '+'I? Siﬂ@g Sin¢ +[F].2,3—}F1,2,3}] ¥
I,=— 1 {|Fy?—=|F;5|?} +(F, 3, 3—F, 53],
\ + 14 5in20, sin® + I, sin®, sin2d / T | Y J P23 P2
I4EERe(F]Fz}31n®#+[F].213_PF1.213} ¥
FI =Xf+aﬂ3 COS@ﬂg , Ijz_!REEFI‘FE}Sinﬁ)w—{Fl,ZJ_}Fl,E,}}i s
Iﬁz_[Re{F;Fs}Eiﬂzgﬁ_{FLZJ—}FLzJ” ¥
F2=ﬂ-#{s#3!}'—’1 , I?*_“_iImEFTFzJSi“@ﬂ_{Fl,z,a—’Fl,z,ﬂf ’
F3=J”X{s,,s;)”ziz » Iy=—1[Im(F3F;)sin’@,+(Fy 53— F53)] .
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T/i2 dF r dI’
) Tae?® 1, ae?® , Strong phase
r2dTl a dl
5 aed®t ] g Heiliger & Sehgal Phys. Rev. D48, 4146 (1993).

=15% Sin[
~14% . Weak phase

K, -»n(p)n (p_)€* (k) (k-)

CP
PLr— —DPx cosO; - —cosBO,; sin®,; — sinO4

UnderCP:-k+ﬂ:_kJ_r COS@{ —>—CQ5@£ sin(D{) —>sin®{)

cosPd — cos P sin® - —sin®

Signal of T-reversal violation

Several papers supporting and several other disputing signal Is
genuine T-violation
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CPT is introduced through the Hamiltonian
H = E( cost Singﬁ_m) _ DT . CPT restored if 6 =§

sin fe'®  — cosf

A complete calculation without CPT in mixing is underway.

CPT violation should be studied in K since large numbers of K
mesons will be produced.
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Conclusion

Afier more than 60 years K meson continues to be
produced in lab and is still a valuable source for
undersianding new physics.

Will continue ito be a studied ai leasi unitil a So
signal is observed in K; = w°v¥v,
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K, =(K°+K%9/2,
K,=(K°—K %2,
Ke=(K,+eK,)/V 1+[e|?,

K; =(K,+8K ) /V 1+][g|*.
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