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Outline
    


BBG approach: can we test it in rare decays? I like to 
understand the method!

K+-> π+  l+ l- /KS-> π0 l+ l-  form factors


L9 in progress 


K+-> π+ π0 l+ l- and other decays channels


Conclusions



QCD at work: Short Distance 
expansion for weak interaction

• Fermi lagrangian: description of the ∆S=1 weak 
lagrangian, in particular the explanation of  ∆I =1/2 rule


• Wilson suggestion (Feynman) , short distance expansion


• Gaillard Lee, Altarelli Maiani: right direction but not 
fully understood (Long distance?)

A(K+ ! ⇡+⇡0)

A(KS ! ⇡+⇡�)
⇠ 1

22



QCD at work, theoretical tools

• analytic calculation ’t Hooft, large Nc (it explains 
basic phenomenological facts of QCD, i.e. Zweig’s 
rule) many implications: Skyrme model, VMD, 
Maldacena


• G. Parisi, ‘80s lattice: can we predict from QCD  
the proton mass at 10% level?


• Precise calculation of low energy QCD?



Bardeen Buras Gerard approach 
to K->ππ 

• Applied also to π+ - π0 mass diff, and ∆S=2 transitions 
and prediction of epsilon’


He↵ =
X

i

Ci(µ) Qi(µ)

SD

Also evaluated ∆S=2 transitions, epsilon’ (Buras) and π+ - π0 mass diff.

CHPT+Large Nc

Main idea: phys. amplitudes scale independent
Match SD with LD with a precise prescription for CT



Can we test somewhereelse 
the Bardeen Buras Gerard 

(BBG) approach?

Coluccio-Leskow, Estefania, GD, Greynat,David and Nath,Atanu



SD CHPT CHPT

averaging flavour 

K+-> π+ e+ e-      KS-> π0 e+ e-



Matching a la BBG for K+-> π+ e+ e-  

Coluccio-Leskow,E. G.D ,Greynat, D and Nath, A



L9 Collaboration with Greynat,David and Nath,Atanu  
in progress

L ⇠ �i L9 Fµ⌫ < Q DµU D⌫U >

• No OPE: DIFFERENT from the  weak decays!!

• However it must appear at O(p4) to improve matching with QCD 

Matching the BBG form factor,

 M-dependent with phenomenology

VMD ’88: DEGLP, Donoghue et al









Dalitz plot NA48/2 
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Magnetic DE
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NA48/2 CP violation
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Starting from CP conserving IB, DE



KS ! µµµµ � SM LD ⇠ 2⇥ 10�14

KS ! eeµµ � ⇠ 10�11

KS ! eeee � ⇠ 10�10

GD,Greynat, Vulvert
KS, KL

ℓ1

ℓ̄1

ℓ2

ℓ̄2

Other interesting channels



Time interference effects



Conclusion

• BBG interesting and positive news from our 
calculations


K+-> π+ π0 l+ l- hard fight but good perspectives, 
more CP violating observables


KS-> π+ π-  +  -   Br ~ 10-14µ µ





Li Li expts V A Total
(Scalar incl.)

Total
QCD rel. incl.

L1 0.4 ± 0.3 0,6 0 0,6 0,9

L2 1.4 ± 0.3 1,2 0 1,2 1,8

L3 -3.5 ± 1.1 -3,6 0 -3,0 -4,9

L4 -0.3 ± 0.5 0 0 0 0

L5 1.4 ± 0.5 0 0 1,4 1,4

L6 -0.2 ± 0.3 0 0 0 0

L7 -0.4 ± 0.2 0 0 -0,3 -0,3

L8 0.9 ± 0.3 0 0 0,9 0,9

L9 6.9 ± 0.7 6,9 0 6,9 7,3

L10 -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  


