
 Longitudinal form factor of the weak vector  

current in pion β-decay 

Content: 

1.   gWTI for broken SU(2) isospin symmetry 

2.  f-  near the mass shell from gWTI 

3.  Numerical estimates of the pion radius <r2> and f-  

 using dispersion techniques 

M. I. Krivoruchenko 

ITEP, Moscow 

New Trends in High-Energy Physics 

Becici, Montenegro, 3rd October 2016 

M.I.K., Adv. High Energy Phys. 2015, 656239 (2015)  



Electromagnetic current of nucleons: 

Isospin rotation of the isovector component gives 

1

2

universality of

weak magnetism - contributes to -decays

F

v

F G

F 





Gerstein and Zeldovich (1955) 

ON MASS SHELL  2 form factors per nucleon 

3 3
1 1 2 2

1 1
( ', ') ( , )

2 2 2 2
s v s vJ u p s F F i q F F u p s  



 
 
    

       
    

 1 2( ', ') ( , )
2

F
W v

G
J u p s F i q F u p s  

    



OFF MASS SHELL 12 form factors 
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●  Why don’t rotate 10 other form factors? 

, ' 1   

Answer:        ON THE MASS SHELL AT TREE LEVEL 
 

 Exact isotopic symmetry   → only 2 ones  

       contribute 

 Broken isotopic symmetry →     3 ones  

       contribute 

ISOSPIN ROTATION OF F3 IS NOT SUFFICIENT 

OFF MASS SHELL 12 form factors per nucleon 



The most general expansion of the off-shell vector vertex: 
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functions of 3 variables 

Negative C-parity implies: 
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● In this context, we start from the form factor  
   f- ≡ F2 of pion β-decay:  

 
 

 
   Conclusions are based on 
 

1. Generalized Ward identity for broken isospin SU(2) 
symmetry (f- ≡ F2 on and off mass shell).  

 
2. Similar to the standard analysis of Kℓ3 decays  
    (f- on mass shell). 
 
3. Numerical estimates use dispersion techniques  
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The most general vertex (J = 0): 

WTI:                                                ,  
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← WTI 
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THE IDEA BEHIND: 

For the bare vertices and propagators 

Generalized WTI (gWTI): 

Vector vertex Scalar vertex 



Variation of the propagator: 
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  Isospin symmetry is violated by the   
mass term & EM interactions 
 
 
 
           
     

χ →0 

CVC for elementary 
vertices 



χ →0 

Compensating transformation generates  
the field transformation in the Lagrangian: 

Variation of the propagator: 



χ →0 

Variation of the propagator: 

Variation of the Lagrangian: 



4. Off the mass shell + broken SU(2): 

 ← gWTI 
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                         Results 
 

Vertex (off mass shell): 

isospin factor 
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δT=2
J=0  experimental data 



= from 
  ππ scattering data 
 

= new estimate from    
  dispersion theory 

NB: two times higher than the Jaus (1999) 
quark model predictions 
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π+ → π0e+νe (ΔB/B)th = −0.94 ×10−3𝑓− 

Bexp = (1.036 ±0.006 )×10−8  

τ- → π-π0ντ 
Bexp = (25.52 ±0.09 )% 

(ΔB/B)th = … 𝑓−(?) 

■ 

■ 

q2 ~ Δm2
π  

q2 ~ 4m2
π   

(enhanced f- effect) 

τ- → K-K0ντ 
Bexp = (1.49 ±0.05 )×10−3 

𝑓− = ? & (ΔB/B)th = … 𝑓−(?) ■ 
q2 ~ 4m2

K  
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●  gWTI for broken SU(2) derived 

●  Extending Equivalence Theorem:  
   Green’s functions AND SOME OF THEIR      
   DERIVATIVES are unique on shell.  



● 4 versions CVC -> 4 predictions f-: 
 

                                        CVC + on shell 

 
                                                  WTI  CVC + off shell 
 

 

                                                          pCVC + on shell 
 
 

                                       pCVC + off shell 
 

in agreement with Kℓ3 analysis 
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