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Motivation

§ As the values of �  and � decrease various subleading effects, such as higher-order 
perturbative QCD corrections in the strong coupling constant, higher-twist power 
corrections and/or target mass corrections become increasingly important.

§ In a strong coupling regime at a low scale �  < 1 GeV available methods of 
perturbative QCD, the twist expansion, and the methods based on the renormalization 
group equations are not applicable and the validity of the partonic picture becomes 
controversial.

§ There are many experiments in resonance and DIS regions. Nevertheless, self 
consistent data analysis and good quality data description are difficult to do...



What can we do?



Introduction 



Introduction / Resonance and DIS Region

Resonance Region: 

DIS Region:

Alekhin Global Fit



Framework

Resonance Part                                                                 Background Part

The factors BT and BL are responsible for 
extrapolation to the low-� region and in this study
we assume them to be the functions of � only. 
The BT,L functions are positively defined and 
required to vanish at the pion production threshold 
W → Wth = �  + �� .rise with � and � �  ,�  → 
1 above the
resonance region.

Note that the unpolarized scattering is not sensitive 
to individual amplitudes A1/2 and A3/2 and only their 
quadrature sum is relevant. For this reason, for 
each of the resonance state  we use the average 
amplitude A(Q2) defined as



Framework / Extrapolation Functions

Background Extrapolation Functions

The functions � 1 and � 2  are determined by requiring the smoothness of the extrapolation function at t = t0 = Q2
0; 

i.e., we require the continuity of the function and its first derivative at the DIS matching point.



Data and Fit

Hydrogen electroproduction cross-section 
data sets used in our analysis. Listed are the 
experiments with corresponding number of 
data points (NDP) and kinematics coverage.

The values of Q2 and W2 are in GeV2 units. 
The cut W2  > 1.16 GeV2 was applied. 

The last two columns are the values of � 2 

normalized per NDP computed, respectively, 
in our model and in the model of Ref. [5], for 
comparison.



Data and Fit

Hydrogen photoproduction cross section 
data sets used in our analysis. Listed are the
experiments with corresponding number of 
data points (NDP) and kinematics coverage. 
The values of W2 are in GeV2 units. 

The last two columns are the values of � 2 
normalized per NDP computed in our model 
and in the model of Ref. [5], respectively.



Kinematic Region Example



Data and Fit
Standard Chi squared approach

Statistics2 + Systematics2 + Normalization2

Problems
 Iterative Procedure

Local Minimum Selection
It’s looks like fine tuning :)

MINUIT + 68 Initial Parameters

But we have the stable results!



Best Fit Parameters



Cross Section Results (Training Data)
Resonance (W2 < 4 GeV2)                                                                DIS (W2>4 GeV2)



Cross Section Data Visualization



F2 Results (Test Data)
Resonance (W2 < 4 GeV2)                                                                DIS (W2>4 GeV2)



Photoproduction and R Data Results



Visualization



Conclusions and Outlook
§ We developed a hybrid model of the proton structure functions applicable in a wide region of Q2 and W2. 

§ In the nucleon resonance region, W < 2 GeV, we account for contributions from the ∆(1232) resonance, the � (1440) Roper 
resonance, and three more heavy effective resonances responsible for the second and third resonance regions in the spectra. 

§ Nonresonant background is computed in terms of DIS structure functions properly continued into a low-Q and low-W region. Our 
extrapolation method respects the pion production threshold as well as the Q2 → 0 real photon limit. The onset of a low-Q region is 
defined by the parameter Q0, the scale from which we start extrapolations of DIS SFs. The value Q0

2 = 2 GeV2 provides an optimum 
description of electroproduction data in our analysis. The DIS region of Q > Q0 and W > 2 GeV is well described in terms of the 
proton PDFs and the higher-twist terms from a global QCD analysis. 

§ The model parameters, such as resonance masses and widths, parameters of resonance helicity amplitudes, scale parameter for 
transition region, as well as parameters responsible for extrapolation to low-Q and low-W values, are adjusted from a global fit to the 
world data on hydrogen electroproduction and photoproduction cross section. This approach allows us to determine parameters of 
both the transverse and the longitudinal SFs reproducing available cross-section data with a very good accuracy.

§ we verified that our hybrid model of structure functions is dual in the integral sense to the underlying DIS structure functions. The 
duality relation holds with a good accuracy for F2.

§ Work is in progress on extending this approach to determine parameters of the neutron structure functions from a combined set of 
the proton and nuclear data. Also in progress is the generalization of this model to neutrinonucleon scattering in the resonance and 
DIS transition region, which is of primary importance for interpretation of data from current and future neutrino experiments.
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