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I.   Brief survey on rare decays



Past, Present and Future Experiments
Experiment Kaon Physics Main Goal

NA48 (CERN),KTeV (Fermilab)

NA62 (CERN) 

K0TO (J-PARC)

TREK (J-PARC)

KLOE-2 (KLOE) (DAΦNE) CP issues, radiative decays

OKA (ISTRA+) (IHEP, Protvino) Kaon decays (BR ∼ 10-3 – 10-8)

KLOD (IHEP, Protvino)           

Project – X (Fermilab)

LHCb



Outlook on rare decays

Type Processes

Main Features
Low-energy dominated,  many FCNC   

Type Processes

Main Features
Low-energy dominated,  some FCNC



Type Processes

Main Features
High-energy dominated,  FCNC

V. Cirigliano, G. Ecker, H. Neufeld, A. Pich, J.P.  
Kaon Decays in the Standard Model,  
Rev. Mod. Phys. 84 (2012) 399



BR  >  10-5

Decay BR

0.6355 (11)

0.03353 (34)

0.4055 (12)

0.2066 (8)

0.0559 (4)

0.3069 (5)

0.6920 (5)

0.1952 (12)

0.1254 (5)

2.75 (15) x 10-4

5.47 (4) x 10-4

4.15 (15) x 10-5

1.79 (5) x 10-3

BR < 10-5

Decay BR x 105

0.1003 (56)

1.19 (13) x 10-3

0.0300 (9) 

0.263 (17)

2.9 (1.5) x 10-4

< 9 x 10-4 (90% C.L.)

0.1274 (34)

9 (+6
-4) x 10-7

0.0311 (19)

2.69 (27) x 10-4

< 3.8 x 10-5 (90% C.L.)

1.7 (1.1) x 10-5

< 6.7 x 10-3 (90% C.L.)

Non- Rare versus Rare Decays



II.  



Long-distance dominated

[Ecker et al, 1987][D’Ambrosio et al, 1998] …..up to                in χPT



Analysis

Not fully determined by chiral symmetry (LEC’s)

Tiny Kaon loop
contribution

Devlin and Dickey parameterization of 

Higher energy contributions

[Ananthanarayan et al, 2012]



Analysis

Not fully determined by chiral symmetry (LEC’s)

Devlin and Dickey parameterization of 

Higher energy contributions

Vector Meson Dominance

[Ananthanarayan et al, 2012]



Phenomenology

Process Br x 109 a b b/a

-

-

[NA48/1, 2003,2004][NA48/2,2009,2011]



[Coluccio Leskow et al, 2016]

Bardeen-Buras-Gérard model, Large-NC ,                            ,                    

Models…

[Ecker et al, 1990]

Weak Deformation Model

[Friot et al, 2004]

Large-NC QCD, Minimal Hadronic Approximation:

[Dubnickova et al, 2008]

Padé-type approximation involving resonances and chiral loops



… and the Lattice

• Unphysically heavy pion and kaon masses.
• Unphysically light charm mass (GIM).
• Extrapolation to the physical point:             

χPT results.

Process Br x 108 a b  b/a

[RBC and UKQCD, 2015, 2016][Isidori et al, 2006]



Charge asymmetry
Interference between and

Unintegrated asymmetry

… far away of the dominant background

[D’Ambrosio et al, 1998]



III. 



1.  CP-violating contributions

Short-distance contributions
Long-distance contributions

- Indirect CP-violating transition due to                      oscillation

[Flynn et al, 1989][Heiliger et al, 1993][D’Ambrosio et al, 1998][Buchalla et al, 2003]
[Isidori et al, 2004]



- Direct CP-violating transition

All contributions



2.  CP-conserving contribution from
[Heiliger et al, 1993][Isidori et al, 2004]

CP-V

CP-C

KTeV (90% C.L.)

[KTeV, 2000,2004]]

Assuming positive interference between the CP-V contributions
(theoretically preferred) …



IV.   Overview



1. Rare Kaon decays provide an excellent framework to settle SM
predictions and, consequently, might foresee hints of BSM effects.

2. Most of long-distance dominated rare decays can also be predicted
reasonably well within a 30 % in the branching ratios. This is not
precision physics. In general, it will be difficult to increase the
accuracy in the theoretical predictions of these processes….but

3. LATTICE (RBC and UKQCD) has started the study of several Rare Kaon
decays: and .

4. From a SM theoretical point of view our comprehension of                         
decays is satisfactory. We can only proceed further by the use of models
or LATTICE.  

5. The experimental measurement (K0TO, JPARC) of                              would
provide valuable information on the SM contributions. 



© Mike Pennington, 1981

@

http://ific.uv.es/lhcpheno Stubbornly
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