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1. Introduction and Motivation 



1.1   Hadronic -decays 

•  the only lepton heavy enough                             to decay into 

hadrons  

 

 

 

 

 

 

 

 

• Very rich phenomenology but 

– Precise measurements needed 

– Have the hadronic uncertainties under control 
 

 Tests of QCD and EW interactions 
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1.2   Hadronic -decays as a QCD laboratory  
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[Bethke, EPJC‘09] 

 



1.3   Hadronic -decays to probe new physics  

 

 

Emilie Passemar 



ud us
d V d V s  
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SUSY loops 

Z’, Charged Higgs, 

Right-Handed 

Currents,…. 



2. Hadronic -decays as a QCD laboratory 



 

•                                                       naïve QCD prediction         
 

 

 Experimentally 

 

• In  tau decays mixing between  

‒ Perturbative QCD  
 

‒ Non-perturbative QCD:  

resonance structure 

 

• Decomposition as a function of  

observed and separated final states   
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2.1   Introduction 
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2.2   Theoretical Method 

 

• Optical theorem: 

 

 

 

 

 

• Lorentz decomposition: 
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2.3   Correlators 

• Analyticity: П analytic in the entire  

complex plane except for s real positive 

 

         Cauchy theorem: 

 

 

 

 

 

 

 

 

• Sufficient high energy for Operator Product Expansion 

Kinematic factor          decreases the weight close to the real axis where 

П has a cut   
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• D=0: Perturbative contributions 
 

• D=2: Quark mass corrections 
 

• D=4: Non perturbative physics operators, 
 

• D=6: 4 quarks operators,   
 

• D8: Neglected terms, supposed to be small… 

 

                           similar for              and  

2.4   Operator Product Expansion 
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•   

 

 

 

 

 

 

 

Marciano &Sirlin’88, Braaten & Li’90, Erler’04 

2.4   Operator Product Expansion 
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•   

 

 
 

• Perturbative part (mq=0) 

 

 

 

 

 

 

  

2.4   Operator Product Expansion 
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Braaten, Narison, Pich’92 
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•   

 

 
 

• Non perturbative part 

 

 

 

 

 

 

 

     Suppression by           and additionnal chiral suppression for  

 

      fitted from data 

 

 

 

 

  

2.4   Operator Product Expansion 
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Braaten, Narison, Pich’92 
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2.5   Extraction of S 
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• Use moments: weighted distribution to estimate the non-perturbative 

contributions 

 

 

 

 

Strong correlations!  

 

 
 

 

 

• Data from ALEPH and OPAL  
 

• Analysis from Davier et al’08  

– ALEPH data   

– Improved BRs from BaBar and Belle  
 

Moments (k,l)= (0,0), (1,0), (1,1), (1,2), (1,3) 



2.6   Test of QCD 

The most precise test of 

asymptotic freedom!  
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Davier et al’08 
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2.7   Extraction of S: Other analyses 
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New analyses going on  Boito et al’11, Gonzalez-Alonso, Pich, E.P. 

Boito et al CIPT+DV 0.322  (19) 0.1187  (32) 

Boito et al FOPT+DV 0.307  (19) 0.1169  (25) 

Pich Tau’10 



2.7   Extraction of S: Other analyses 

• Theoretically: 

– Estimate of the perturbative part: CIPT vs. FOPT 

– Choice of the moments        correlations!  

– Inputs for gluon condensate, higher order operators…  

– Duality violations 

 

• Experimentally: 

– Data from ALEPH and OPAL: unfolding? Correlations point by 

point?  

– Difficulty to separate V and A        Use BaBar and Belle  

– Improved BRs from BaBar and Belle  
 

                New data from BaBar, Belle, SuperB 
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2.7   Extraction of S: Other analyses 
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2.7   Extraction of S: Other analyses 

 

 

 

 

 

 

 

 
 

 

 

 

• Extraction of S  from hadronic  decays very competitive!  

• If new data room for improvement!  

– Study of duality violation effects 

– Higher order condensates 

– New physics?  
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3. Hadronic -decays as a probe of electroweak 
interactions 



3.1   New Physics in R 
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• Models with modifications of the couplings: 

– Right-handed currents 
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3.1   New Physics in R 
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• Models with modifications of the couplings: 

– Tensor & scalar interactions ex: leptoquarks 

 

 

 

 

 

 

 

 

 

 

 

 

• But also charged Higgs, little Higgs, SUSY… 

  

Cirigliano, Filipuzzi, Gonzalez-Alonso, E.P. in progress  
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3.1   New Physics in R 

Emilie Passemar 
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• Disentangle New Physics from QCD effects:  

– Take QCD observables from other sources or more data 

 

Inputs for  

 

Lattice QCD, SCET, moments… 

 

– Experimental separation V/A very important  

       only data from OPAL, need more data  

 

• Possible constraint on NP parameters 

Ex: RHCs 

 

 

 

  



Experimental processes Parameters extracted Low Energy/QCD inputs 

Kl3: K  l f+(0) Vus 

Form factors 

 

Kl2/l2:K  l /l FK/F Vus/Vud FK/F, Vud 

  s  inclusive  Vus or ms SU(3) breaking 

  K absolute FK Vus FK  

  K/  FK/F Vus/Vud FK/F, Vud 

  K f+(0) Vus 

Form factors 

 

 

3.2   Extraction of Vus 
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Inclusive  decays  

•        
 

 

 

              Use instead 

 

 

 

 

 

•                                                           and/or  

 
 

•       known to order          : 

– transverse contribution (J=0+1) computed from theory    

– longitudinal contribution (J=0) divergent         determined from data 

Phenomenological model (pion, kaon poles + K scattering)     
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•                                            data:                              and 
 

                   PDG 10:           

 

 
 

•  

 

•            computed from phenomenology  

 

 

 

 

dominated by experimental uncertainties 

 

• Vus from Kl3: 
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Inclusive  decays  

27 

00

,th
R

Gámiz, Jamin, Pich, Prades,Schwab’02,’03 

00
2 ,

00

, 00

,2

S

us

V A

th

ud

R
V

R
R

V











00

,
0.1615(40)

S
R  00

,
3.479(11)

V A
R 



0.97425(22)
ud

V 

00

,
0

th
R  0.210(3)

us
V 

00

,
0.216(16)

th
R  exp th

0.2164 0.0027 0.0005
us

V   

dominated by uncertainty on  (0)f


(0) 0.2163 0.0005
us

f V


  and (0) 0.959 0.005f


 

RBC-UKQCD’09 Flavianet  Kaon WG’10 



•                                            data:                              and 
 

                   PDG 10:           

 

 
 

•  

 

•            computed from phenomenology  

 

 

 

 

dominated by experimental uncertainties 

 

• Vus from unitarity:                                          3 away!  

 
 

 

Inclusive  decays  
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Inclusive  decays  
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• Possible normalization problem: 
 

Smaller   K branching ratios          smaller                 smaller  

 

 

 

 

 

 

 

Missing modes at B factories?  

 

• Spectral moment analysis   

 

 

 

 

  + electroproduction data         
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Exclusive decays:   K decays 

•  

 

 

 

 

 

 

• Form factors described using a dispersive approach 

 
 

 

 

+,0 (s): phase of the form factor 

–         

–                           unknown           
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Exclusive decay:   K decays 
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Exclusive decay:   K decays 
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• Use of the vector parametrization of [Boito, Escribano & Jamin’09,’10] but fit 

now the scalar form factor 

 

Only statistical  

errors but the  

dominant ones ! 

Bernard, Boito, E.P., in progress 

SuperB Physics Meeting, Frascati, Dec. 11 2011 
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From Unitarity 

Flavianet  

Kaon WG’10 

BaBar & Belle 

HFAG 
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• Problem inclusive versus exclusive: 

– Take the Kl3 Br and predict the   K Br 

 

 

 

 

 

 

 

 

To be compared with   
 

 

 

 

– New Physics?  

Vus from Tau decays 
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 stat syst
BR( ) 0.404 0.002 0.013 %

S
K        Belle’07 

  exp
BR( ) 0.427 0.024 %K    



3.3     K CP violating asymmetry 

• CP violating asymmetry  

 

 

 

 

 

 

 

 

• Experimental measurement:  

 

 

 

 

• New physics: Charged Higgs, leptoquarks or others? 
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3.3     K CP violating asymmetry 

• Analysis of the angular CP violating asymmetry 

 

 

 

 

 

–                                kinematic functions 

– Angles:  

in K rest frame 

• : angle between kaon and e+e- CMS frame 

• : angle between  and CMS frame 
 

    in  rest frame 

• : angle between  direction in CMS and  

direction of K system (dependence with ) 
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3.3     K CP violating asymmetry 

• Analysis in the framework of multiple Higgs models 

 

 

 

 

 

–                                kinematic functions 

– form factors 

 

 
 

 

  

  

 

Emilie Passemar 37 SuperB Physics Meeting, Frascati, Dec. 11 2011 

 
   

 

-

22 2 2 2

2

2
2

0

2 *

0

( ) ( ) 3cos 1 3cos 1 ( )
cos  cos

                              ( )cos co      s R e ( )) )( (

d K
A q B q f s

dq d d

m f C q fs f s s





 


 










 
    
 

 

CP violating term 

S-P interference  

2 2 2
( ),  ( ),  ( )A Q B Q C Q

      0
K  s u 0 =  ( )  ( )K K

K K K
p p p p f s p p f s

s s

 
     

 


  
     

 

vector scalar 
2 2

( )
K

s q p p  with 



3.3     K CP violating asymmetry 

• Analysis in the framework of multiple Higgs models 

 

 

 

 

 

–                                kinematic functions 

– form factors: 

     Charged Higgs contribution 
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3.3     K CP violating asymmetry 

• Analysis in the framework of multiple Higgs models 

 

 

 

 

 

–                                kinematic functions 

 

– Experimental measurement requires precise hadronic 

parametrization of  the form factors  

 Use integrated   K invariant mass               (dispersive method!)  

 FB asymmetries          disentangle vector and scalar form factors 
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3.3     K CP violating asymmetry 

• Measured CP violating parameter 

 

 

 
 

• In NP scenarios with charged Higgs 

 

 
 

 

 

 

• Measurement:  

                   
 

 

 

 

 

      Constraints on the couplings and MH 
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4. Conclusion and outlook 



4.1   Conclusion and Outlook 

Hadronic -decays very interesting to study 

• Very precise determination of S   

But error assignment and treatment of the NP part and new data 

needed 

 

• Test of electroweak couplings very promising 

‒ New physics in     : analyses in progress but it would be nice to 

have more data and a precise separation between V and A. 

Hadronic uncertainties have to be under control 

 

‒ Extraction of Vus : the  could give a very precise determination of 

Vus but difference between inclusive/exclusive modes: 

Data normalization, unmeasured modes? New Physics? 
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4.2   Conclusion and Outlook 

Hadronic -decays very interesting to study 

• Very precise determination of S   

But error assignment and treatment of the NP part and new data 

needed 

 

• Test of electroweak couplings very promising 

‒ CP violating asymmetry: very interesting measurements to 

constrain new physics: 

Experimentally:  BaBar & Belle agreement?  

Theoretically: Hadronic form factors precisely described 

                              measurement of AFB would help! 

         Model of new physics to investigate 

 

With SuperB and B & Tau-Charm factories very interesting 

prospects! 

• g-2 not covered, sorry!         SuperB collaboration meeting  
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5. Back-up 



Exclusive decays:   K decays vs.   K/    

•    

 

 

 

 

 

•    

Emilie Passemar 45 SuperB Physics Meeting, Frascati, Dec. 11 2011 



SuperB Physics Meeting, Frascati, Dec. 11 2011 

2.3   Measurements 

 

•                 

 

 

Decomposition as a function of observed and separated final states   
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2.3   Measurements 

 

•                 

 

 

Decomposition as a function of observed and separated final states   
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2.3   Measurements 

 

•                 

 

 

Decomposition as a function of observed and separated final states   
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2.3   Measurements 

 

•                 

 

 

Decomposition as a function of observed and separated final states   
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2.3   Measurements 

 

•                 

 

 

Decomposition as a function of observed and separated final states   

 

 

 

 

 

                                                       
  

• Theoretically  
 

 

 

 Compute the correlators: not known, non perturbative QCD  
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2.6   Extraction of S 

• Data from ALEPH and OPAL  

• Analysis from Davier et al’08 ALEPH data + Improved BRs from BaBar and 

Belle and moments (k,l)= (0,0), (1,0), (1,1), (1,2), (1,3) 
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3.3     K CP asymmetries 

• CP violating asymmetry  

 

 

 

 

 

 

• Experimental measurement requires precise hadronic parametrization 

of  the form factors  

‒ Use integrated   K invariant mass               (dispersive method!)  

‒ FB asymmetries          disentangle vector and scalar form factors 
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3.2     K CP asymmetries 

• Constraint on models with 3 charged Higgs 
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