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What makes decays rare?

Common decay:

Rare by virtue of kinematics:

Rare since suppressed to 2nd order:



Motivation for Rare K Decay Experiments

Forbidden

S.M. forbids (or greatly inhibits) many kinematically
possible modes

A number of these are allowed (or enhanced)
by alternative approaches

Accessible sensitivity to these processes corresponds
to very high mass scales

Discouraged

Certain very inhibited processes cleanly sensitive to
S.M. parameters

Tolerated

Suppressed processes are a good area for testing
chiral perturbation theory and other approaches to
understanding the low energy structure of the S.M.



Rare K decay modes studied recently
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Most BSM theories predict some LFV in K decays:
- extended technicolor
- SUSY
- heavy neutrinos
- horizontal gauge bosons

Necessary to study both two and three body decays
- check Lorentz structure of any new interaction
- generation number sensitivity

Current status:

Process 90% CL Limit Experiment Reference

KL ! �e 4:7� 10�12 AGS-871 PRL 81:5734

K+
! �+�+e� 2:8� 10�11 AGS-865 PRL 85:2450

K+
! �+��e+ 5:2� 10�10 AGS-865 PRL 85:2877

KL! �0�e 4:4� 10�10 KTeV Bellantoni/Moriond

More K+
! �+�+e� and KL ! �0�e data under analysis.



LFV in SUSY

Lepton 
avor violation in K decay is
allowed in the MSSM by diagrams like
those at right (See A. Belyaev et al.,
hep-ph/0008276.

But the rate from such diagrams is
very suppressed with respect to
current experimental senstivity.
The e�ects in K decay are also
suppressed relative to those in rare
muon processes such as �! e

and �� ! e� conversion in the �eld
of a nucleus

This can be seen in the plots at
right which show the predictions
for KL ! �e, �! e
 and �� !
e� conversion assuming the same
values of SUSY parameters (� < 0,
tan� = 20, m1=2 = 150 & 250GeV,

vs m0). The dotted horizontal
lines indicate the current upper
limits on �! e
 and �� ! e�

conversion. There are proposals
to push the sensitivity of both
muon processes by more than
three orders of magnitude.
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LFV in SUSY-2

Once R-parity is relaxed, LFV e�ects in SUSY can be large:

Quark/sfermion diagrams involving R-violating couplings that yield K0
! `�`� decays.

Current LFV data itself gives strictest limits on the couplings.

e.g. B(KL ! �e) < 4:7 � 10�12 gives -
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SUSY can also give like-sign lepton decays like K+ ! ���+e+

through ~b mixing, e.g.:

However the senstivity for these is much reduced.
Even setting the ~b mixing matrix element to 1,
current limit B(K+ ! ���+e+) < 5 � 10�10 would give -
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Lepton Flavor Violation
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A long list of BSM theories predict LFV in K decays at
some level, e.g. extended technicolor, SUSY, heavy neutrinos,
horizontal gauge bosons, etc. Also necessary to study both two
and three body decays to check Lorentz structure of any new
interaction, generation number sensitivity, etc.

Current status:

Process 90% CL Limit Experiment Reference

KL ! �e 4:7� 10�12 AGS-871 PRL 81:5734

K+
! �+�+e� 2:8� 10�11 AGS-865 PRL 85:2450

K+
! �+��e+ 5:2� 10�10 AGS-865 PRL 85:2877

KL! �0�e 4:4� 10�10 KTeV Bellantoni/Moriond

More K+
! �+�+e� and KL ! �0�e data under analysis.

But these experiments have already helped kill the most
promising approaches that predicted �nite e�ects. Now
theorists predicting more accessible levels of LFV in rare muon
processes.

Future progress on LFV in kaon decays likely to be slow. No
dedicated experiments on the horizon, and background getting
harder to �ght.



One-loop K Decays

Short-distance contributions to K decays. These decays
include KL ! �0���, K+

! �+���, KL ! �+��, KL ! �0e+e�,
KL ! �0�+��, etc. The hadronic matrix elements involved

are known from common decays such as K0
! �+e���. These

contributions can be cleanly calculated in terms of mt, mc and
the product of CKM elements V �

ts
Vtd � �t.

But there's a Murphy's Law for these processes:
The same interactions that allow charged �nal state leptons to
be detected, mediate long-distance contributions. E.g.:

To avoid this one must exploit decays containing a ��� pair.


