
Kaon Physics

Instituto de Física Corpuscular
CSIC-UVEG, Valencia (Spain)

Jorge  Portolés



0.5

(GeV)



K+



KS



KL



Discovery of kaon meson (strangeness)      Rochester, Butler (1947)  [2]

‐ Cosmic ray particles which were just like pions except for their long lifetime.
‐ Always produced in pairs
‐ Mass  0.5 GeV

[2]

[3]



The  ‐  puzzle

Parity



JP L ℓ 2

0‐ 0 0 no

1+ 0 1 no

1‐ 2 2 yes

2+ 2 1 yes

2‐ 0 2 no

2‐ 2 0 no

3+ 0 3 no

3+ 2 1 no

3‐ 2 2 yes

[4]
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The remainder of the lecture

1. Survey on kaon decays

2. Nonleptonic decays:  

3. CP-violation

4. Rare decays:                       , 

[1]



1.  Survey on kaon decays



Non‐ Rare versus Rare Decays

BR  t 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

Semileptonic Decays

Non‐leptonic decays

Radiative decays



BR d 10‐5

Decay BR x 105

0.110 (32)

1.19 (13) x 10‐3

0.0300 (9) 

0.263 (17)

2.9 (1.5) x 10‐4

0.1273 (34)

0.0359 (11)

9 (+6‐4) x 10‐7

0.0311 (19)

2.69 (27) x 10‐4

< 1.8 x 10‐5 (90% C.L.)

1.7 (1.1) x 10‐5

< 6.7 x 10‐3 (90% C.L.)
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Non‐ Rare versus Rare Decays

S = 1 weak neutral 
current modes (FCNC)
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Non‐ Rare versus Rare Decays

Tiniest branching ratio ever
measured …. as today
(BNL E871)
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Type

A look on Kaon Decays

Processes

Main Features
Low‐energy dominated.  Hadronization of 

electrically charged currents:  PT

Type Processes

Main Features

* >> Z*      Low‐energy dominated,  FCNC   



Type

Type Processes

Main Features
Low‐energy dominated,  FCNC

Processes

Main Features
High‐energy dominated,  FCNC



Type Processes

Main Features

Low‐energy dominated,   I = 1/2, ’

State of the art

Low‐energy dominated
processes

Chiral Perturbation Theory framework
Up to O(p4) ◊

Dominating O(p6) contributions ◊

High‐energy dominated
processes









Wilson coefficients :  

Matrix elements :   

Operators



[6]



Chiral Perturbation Theory (weak)

 Chiral symmetry of massless QCD (spontaneously broken) 

 Perturbative expansion : 

 Lagrangian : 



Chiral order Isospin

LO IC 4.96 0.285

LO IV 4.99 0.253

NLO IC 3.62 (28) 0.286 (28)

NLO IV 3.61 (28) 0.297 (28)

IC = Isospin conserving,  IV = Isospin violating



2.   Nonleptonic kaon decays :





108 A0 108 A2

Theory 3.54 2.50

Phenomenology 27.04 (1) 1.210 (2)



3.   CP Violation











4.  Rare decays:                      



 68%  29%  3%
“hard” GIM

Our knowledge on

NLO QCD effects (top)  
Two‐loop electroweak corrections (top)  
NNLO QCD effects (charm)  
NLO electroweak corrections (charm)  

Our knowledge on

Matrix element can be related with form factors
Long‐distance corrections



Hadronic matrix element

Top‐quark contribution

contribution

Dimension‐6 charm contribution



Hadronic matrix element

Top‐quark contribution

EM correction (                              )

Dimension‐6 charm contribution

Long‐distance + dimension‐8 charm



4.  Rare decays:                      



1.  Direct CP‐violating transition

2.  Indirect CP‐violating transition due to oscillation



3.  CP‐conserving contribution from



CP‐V

CP‐C

KTeV (90% C.L.)

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



Epilogue                     



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

KLOD (IHEP, Protvino)

OKA (ISTRA+) (IHEP, Protvino) Kaon decays (BR  10‐3 – 10‐8)

Project – X (Fermilab)



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

2. Short‐distance dominated processes (namely with a “neutrino Dalitz
pair”) are clean and can be predicted accurately.
They are/will be the goal of present/future flavour facilities.

3. Most of long‐distance dominated rare decays can also be predicted
within a 30 % in the branching ratios. This is not precision physics but
enough for the present and foreseen experimental status.
In general, it will be difficult to increase the accuracy in the theoretical
predictions of these processes.

4. Semileptonic (charged current) processes have an excellent status.
Theoretical analyses reach a few percent accuracy in most cases.

5. Non‐leptonic kaon decays are still an open issue.
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