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Why we need to the  experiments  KOTO and NA62
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Generic Flavor structures strongly constrained

Problem already known since ’86 technicolour 
(Chivukula Georgi) susy (Hall Randall) !
extra dimensions (Rattazzi Zafferoni)

Maybe there is an energy  gap between the theory of flavor and !
the EW scale , ameliorating also a clash  from the scale of the  bounds !
 in the table above  and the requirement of solving the hierarchy problem
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GD,Giudice,Isidori,Strumia

Bounds ameliorated
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Also Z’ Buras et al,  see Fulvia’s talk, !
and M.Blanke rev
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error: Rad  corr electroweak radiative corrections, !
nuclear structure, and isospin violating nuclear effects

NP >10 TeV

Vus from semileptonic decays



Role of KTeV,   KLOE, Istra



χPT effective field theory approach based on two assumptions


• π’s Golstone bosons of SU(3)L ×SU(3)R ➔  SU(3)V    



• (chiral) power counting  There is a small expansion parameter p2/Λ2χSB    

ΛχSB≃4 π Fπ ∼1.2 GeV  

SU(3)L ×SU(3)R symm.  L QCD           mq = 0 

Fantastic chiral prediction 
Aππ~ (s -mπ2 )/Fπ2

Chiral Perturbation theory

Li Gasser Leutwyler coeff 
expts.   Oi   p4  



Cusp effect in K->3pi 

• in 2002 Mannelli at CERN discusses 
that their incredible energy resolution 
may lead to pionium discovery in       
K+  ->pi+ pi0 pi0 	



• But the plot  (expt red curve) on the 
right was not yet understood
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Ke4,K->3pi, Dirac, CHPT
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ĉ = 1.86± 0.26

K+ ! ⇡+��  NA48/2 + NA62 (’14)

Auxiliary channel useful to assess the CP 

conserving contribution to                                    KL ! ⇡0ee
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NA62 sensitivity 

This decay                        :  The error obtained in 
the form factor (  ) is dominated by the expt       
K-> 3pi error in the  quadratic slope !

K+ ! ⇡+��

K+ ! ⇡+��
ĉ



Actually the study of unit. cut was crucial to i) to bring agreement!
 expt vs Theory  in  !! ! ! ! !  ! and ii) show that !!              !
CP conserving was negligible!

KL ! ⇡0�� KL ! ⇡0ee

 KTeV and NA48 not only  ✏0
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After 40 years improvement by 3 
orders of magnitudes from LHCB 95% CL

SM

LHCBHighlights

SD   1.5 10^-12

NP   1.5 10^-11!
Allowed

NP   Limits from !
CPviol in  KL ! µµ

Isidori Underdorfer



KS ! µµµµ � SM LD ⇠ 2⇥ 10�14

KS ! eeµµ � ⇠ 10�11

KS ! eeee � ⇠ 10�10

GD,Greynat, Vulvert
KS, KL
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Other interesting channels



Time interference effects



Conclusion I

Theorists had a good idea: Bs ! µµ

Experimentalists did better 
Bs ! µµ

KS ! µµ bound

SM



Conclusion II

Theorists had a good idea: ✏0

Experimentalists did better  KTeV and NA48! 

see Rare Kaon decays 



Conclusion III

NP maybe HIDDEN but still present (see GIM)



The symmetry of the short 
distance  hamiltonian 

described in CHPT

VMD not as successful, in particular for K->3pi, 
where in principle large VMD important

Weak interaction 
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do not assume CPT invariance
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 assume CPT invariance



|mK0 �m
K

0 | < 4.0⇥ 10�19 GeV at 95 % C.L .

CPLEAR, NA48, KLOE, PDGfit, KTEV

Review Bell-Steinberger relations: unitarity determines CP and CPT violating in terms of   

CPT	
  Invariance	
  Tests	
  in	
  Neutral	
  Kaon	
  Decay	
  	
  Antonelli,	
  G.D.	
  



Issues

•Still to improve: maybe some form 
factors  can be removed!

•Do we need a mini review for 
CHPT?!
!

!
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GF =

global symmetryz }| {
U(3)Q ⌦U(3)U ⌦U(3)D ⌦U(3)L ⌦U(3)E +

spurionsz }| {
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π
K

π

π
ρ

In this channel there is a large VMD in 
the phenomenological slope 

However this is 
proportional  to L3 + 3/4 L9

4D L3 + 3/4 L9=0

5D L3 + 3/4 L9≠0 and in agreement with 
phenomenology

Hard Wall weak interactions: K->3pi 


Luigi Cappiello, Oscar Cata and G.D. 





L L V A Total	


(Scalar incl.)

Total	


QCD rel. incl.

L 0.4 ± 0.3 0,6 0 0,6 0,9

L 1.4 ± 0.3 1,2 0 1,2 1,8

L -3.5 ± 1.1 -3,6 0 -3,0 -4,9

L -0.3 ± 0.5 0 0 0 0

L 1.4 ± 0.5 0 0 1,4 1,4

L -0.2 ± 0.3 0 0 0 0

L -0.4 ± 0.2 0 0 -0,3 -0,3

L 0.9 ± 0.3 0 0 0,9 0,9

L 6.9 ± 0.7 6,9 0 6,9 7,3

L -5.5 ± 0.7 -10 4 -6,0 -5,5

QCD inspired relations relations

QCD inspired relations relations

KSFR: GV = √2  Fπ


determined by dominance 
of pion, V,A to recover 
QCD short distance 

constraints

Vector Meson Dominance in  the strong sector 


                                                                                                                                                        

    Ecker,  Gasser,  de Rafael,   Pich  


