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NONFORWARD PARTON DISTRIBUTIONS 

Hadronic Interactions mediated by weak currents

(weak)

The link is COMPTON SCATTERING (WEAK) 
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Distribution Amplitudes 
(hadronic Wave Function)
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Generalized Bjorken region



Leading twist amplitudes for exclusive neutrino interactions in the deeply virtual limit.

Phys.Rev.D71:053002,2005, with M. Guzzi

Deeply virtual neutrino scattering (DVNS), with M. Guzzi and P. Amore
JHEP 0502:038,2005

Generalized Bjorken region: more than 1 
scaling variable: 

1) Bjorken x   

2) asymmetry parameter between the initial and 
final momenta of the nucleon



TOTAL

Quasi elastic
DIS
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In neutrino factories the range of the interaction between the weak 
currents and the nucleons reaches the intermediate region of QCD 
“the Few GeV’s region” 

This kinematical window, pretty large indeed (from  2-3 GEV^2 up 
to 20 GeV^2 or so) can be described by perturbative methods 
using FACTORIZATION THEOREMS. 

Factorization means that 

1) the theory is light-cone dominated 
and  in a given process 
2) We can “separate” the non perturbative part of the interaction, 
due to confinement, from the “valence” part which is described by 
a standard perturbative expansion. 

We can  predict the intermediate energy behaviour of weak 
form factors and describe elastic processe with high accuracy 



Factorization at intermediate energy is associated with 
a class of Renormalization Group Equations 

EFREMOV-RADYUSHKIN-BRODSKY-LEPAGE (ERBL) 
RG Evolution  of hadronic wave functions 

Complementary to the usual DGLAP Evolution in DIS 

Both evolutions  can be unified in a new class of evolution 
equations 

Nonforward RG Evolution 

The nonforward evolution summarizes both limits 
(DGLAP/ERBL)





Lepton plane

Hadron 
plane



No Bethe-Heitler (large) background
for neutral currents

Recoiling nucleon



Bethe-Heitler



1)  DIS Limit

2) DVCS/DVNS Limit
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Nonforward (Radyushkin) vs Off-forward (Ji) 

Nonforward pdf’s:  0<X<1 Off forward   -1< x <1

Longitudinal/transverse 
momentum exchange
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Double distributions 
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Total cross section

unitarity

Forward parton distributions

Partons are emitted and re-absorbed on the light-cone 
with momentum  x P



Forward parton distributions 



Neutral current



The analysis at higher twists is far more involved and one isolates 14 structures 
If spin and mass effects are included
Use: Lorenz covariance

T- invariance
neglect CP violating efffects from CKM matrix

If we impose Ward Identities(current conservation) 
we reduce them to 8. 

Ward identities are broken in a spontaneously broken theory, so this is equivalent to 
set to zero the quark masses.   

Higher twists



Summary: Weak Unitarity for 
neutral currents 

EM P-violation

Generic em/weak cross section



Parton distributions

M. Guzzi, C.C.



Quark-antiquark distributions using H(x) 
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At small separation b, the hadronic 
Wave function reproduces the collinear one

Hard scattering Coefficient 

Inclusion of transverse momentum



The inclusion of transverse momentum allows to lower the validity of the 
Factorization picture. 

ERBL



Sudakov suppression

Asymptotic Solution

But….where is  “asymptotia”? 



Fock vacuum

FORM  FACTORS

Transverse momentum dependence Sudakov 
suppression (Li-Sterman)  





The Feynman mechanism 
we may be unable to resolve the partonic structure of the nucleon, 
Overlap of wave functions  



However: CS has a life of its own

Soft 

Feynman mechanism of overlapping wave functions 

Intrinsically SOFT, not factorizable . 
Use interpolating currents (Dispersive description)



Nonforward (Radyushkin) vs Off-forward (Ji) 

Nonforward pdf’s:  0<X<1 Off forward   -1< x <1

Longitudinal/transverse 
momentum exchange





Averaged momentum







Charged Currents 



Expressed in terms of nfpd’s



CONCLUSIONS 

Plenty of new applications of pQCD at intermediate energy 

1) Perturbative analysis of weak form factors 
2) Study of coherence effects 
3) Will be able to explore hadronic/weak interactions 
in a new territory


