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Abstract

The measurements of exclusive π+n and π0p electroproduction with the CLAS detector in Hall B
at Jlab provided the dominant part of the world data on observables of these channels [1] stored

in the CLAS Physics Data Base [2]. The data on exclusive Nπ and π+π−p electroproduction are
the major source of the information on nucleon resonanceN∗ electroexcitation amplitudes. They
offer insight into the nucleon and N∗ structure and strong QCD dynamics which underlie the
nucleon resonance generation from quarks and gluons [1, 3, 4, 5, 6]. The approach for evaluation

of the unpolarized, transverse-transverse, longitudinal-transverse exclusive structure functions

will be presented in the talk. The estimates of these Nπ electroproduction observables have
become available from the measured with the CLAS detector differential cross-sections for the

first time. They cover a broad kinematics area of the invariant masses of the final hadron system

ofW < 1.7 GeV and the photon virtuality range of Q2 < 5.0 GeV 2. The estimated Nπ exclusive
structure functions are of particular importance in the studies of the N∗ structure.

Objective

Evaluation of exclusive structure functions
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(W, Q2, cos ϑ, ϕ),
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(W, Q2, cos ϑ, ϕ) for π+n, π0p electroproduction channels at W less than 1.7 GeV , Q2 less

than 5 GeV 2

Cross sections and structure functions

The structure functions were obtained by fitting the CLAS experimental data
dσ
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differential cross sections as a function of the angle ϕ between electron scattering and the reac-
tion planes:
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where
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,
dσtt

dΩ
,
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stand for: unpolarized, transverse-transverse, and longitudinal-transverse

structure functions respectively;

ϑ is the CM frame pion emission angle;

W and Q2 are the invariant mass of the final hadrons and photon virtuality.

Data selection

The data points with relative uncertainties > 0.7 were excluded.
The data in each bin of (W, Q2, cos ϑ) were fitted according to equation (1). The data points
which deviated from fit >±1.5 sigma were excluded.
(W, Q2, cos ϑ) bins with less than 4 data points were excluded.

The methods for extraction of the exclusive structure functions

Method 0: The data cover the full ϕ range [0, 2π]. The data fit according to equation (1).
Method 1: The data are available in ∆ϕ range [ϕmin, ϕmax]
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stands for the experimental data.
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are determined from the data fit according to equation (1).

Method 2:
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are taken from the equation (1).

Methods 3 and 4: There are one (method 3) or two (method 4) gaps in the ϕ-dependence of
the experimental data
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Unpolarized structure functions from different methods
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Figure 1:a) π+n, W = 1.31 GeV , Q2 = 0.3 GeV 2 b) π0p, W = 1.4 GeV , Q2 = 0.65 GeV 2

Separation between transverse and longitudinal structure functions

The transverse
dσt

dΩ
and longitudital

dσl

dΩ
structure functions were obtained from unpolorized

dσu

dΩ
structure function by employing the experimental results on the ratio R = dσl

dΩ
/dσt

dΩ
[7]
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ε is polarisation of a virtual photon

E
′
, θ are the energy and the angle of scattered electron in lab frame.
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The structure functions for π+n exclusive channel

The results were obtained within the method 0 in a case of full coverage over ϕ range. In a case
of a partial ϕ coverage the method 1, 3, 4 were used.
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Figure 2:π+n, W = 1.31 GeV , Q2 = 0.3 GeV 2

The structure functions for π0p exclusive channel
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Figure 3:π0p, W = 1.4 GeV , Q2 = 0.65 GeV 2

Conclusions and outlook

Exclusive structure functions
dσt
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dΩ
have become available from the CLAS

π+n, π0p electroproduction channels of experimental data at W ∈ [1.1, 1.7] GeV,
Q2 ∈ [0.25, 5] GeV2 for the first time.
Evaluation of two-fold differential π+n, π0p virtual photon cross sections in the
aforementioned kinematic area is in progress.

References

[1] I.G. Aznauryan and V.D. Burkert, Electroexcitation of Nucleon Resonances, Prog. Part. Nucl.

Phys. 67, 1 (2012).

[2] CLAS Physics Database, http://clasweb.jlab.org/physicsdb

[3] D.S. Carman and K. Joo and V.I. Mokeev Strong QCD Insights from Excited Nucleon

Structure Studies with CLAS and CLAS12, Few Body Syst. 61, 29 (2020)

[4] S.J. Brodsky and others. Strong QCD from Hadron Structure Experiments, Int.J.Mod.Phys.E

(2020) Will be published.

[5] V.D. Burkert and C.D. Roberts, Roper Resonance: Toward a Solution to the Fifty Year Puzzle,

Rev. Mod. Phys. 91, 011003 (2019).

[6] V.D. Burkert et al., The Nucleon Resonance Structure from the π+π−p Electroproduction
Reaction off Protons, Moscow Univ. Phys. Bull. 74, 243 (2019).

[7] A.N. Hiller Blin, private communication


