Rare Kaon Decays and CP Violation

pr DR
ALK 2 R TP



Kaon and rare kaon decays

JCharged and neutral kaons
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History of rare Kaon decays

Decay via flavor-changing Decay via flavor-changing
charged current neutral current (FCNC)
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#>By early 1970’s, FCNC forbidden in view of the old theory.

#Discoveries of the neutral current, Charm, Bottom and Top
quark open a door for the decays with FCNC.




Rare Kaon decay in SM

JDecay via penguin and box diagrams
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JLeast problems among hadronic decays

Hadronic matrixelement F) H 7 BE ST R KJ'—)‘IEDEJ“UE
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No siﬂni[icant Q:D correction

I Theoretical ideal for new physics discovery
Accurate calculation in SM and its extension
Rates sensitive to fundamental parameters




CKM and CP violation

CEKM Matrix Wolfenstein Parametrization
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Experimental status

e Charged kaon experiments
1) E/87 and its successor EQ49 (unfinished)
2) CKM (cut)
¢ Neutral kaon experiments
1) KTeV (finished)
2) E391a (on-going)
3) KOPIO (R&D, started in 2011)
4) JAPAC K experiment (under discussion)



E949/E787 experiment

Barrel | K S vy Key issues
velo *47 veto ability
BV *K/7t geparation
Range = e *1/1L separation
Stack £ Sisaaad K" decay at rest

RSSC i — 1" E/P/R
Endcap —’ix\l If
Collar Fﬁ Cnllar
3-{ Eeam)—':l K stop-
DF’V

f)l\ BeO B 4 \\\ \‘—lTarget

G LIV

AD  Drift Chamber
About 7.8x1012 K* stop at the detector centre



E787/E949 search region

Arbitrary Units
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KTeV experiment
o

A by-product of €' /e experiment
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Limit reached by KTeV
o

E799-1I data, background limit 3.1x103°
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E391a experiment

Main barrel CC o3
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E391a approach
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KOPIO in RSVP project

Rare Symmetry Violation Process

— First Priority Project in NSF FY2000 Budget Request
K° to PI* > KOPIO
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Expected signal/background
-
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Sensitive to new physics
o

Equivalent Standard Model Events
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Summary
o

0 Rare kaon decay is the theoretical ideal to
test the Standard Model (SM) with potential
to discover new physics beyond SM.

0 Neutral rare kaon experiment: the best
channel to study CP violation, but is rather
challenge and needs more participants.

0 Competition expected between BNL and
J-PARC: another version of BaBar vs. Belle



