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Abstract We report the analysis status of single π
0 electroproduction in the resonance region to study

the electromagnetic excitation of the nucleon resonances. The study is aimed at understanding of the internal

structure and dynamics of the nucleon. The experiment was performed using an unpolarized cryogenic hydrogen

target and 2.0 and 5.8 GeV polarized electron beam during the e1e and e1-6 run periods with CLAS at Jefferson

Lab. The new measurements will produce a data base with high statistics and large kinematic coverage for

the hadronic invariant mass (W) up to 2.0 GeV in the momentum transfer (Q2) range of 0.3—6.0 GeV2.

Preliminary results will be presented and compared with the various model calculations.
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1 Introduction

Electromagnetic excitation of nucleon resonances

has been considered an important tool in understand-

ing the complex nucleon structure. In particular, the

transition amplitudes from the nucleon to its excited

states are sensitive to the spatial and spin structure

of the nucleon and are important for testing symme-

try properties of the quark model[1, 2]. Pion electro-

magnetic production of pions has been investigated to

study the excited states of the nucleon. The contribu-

tions from π
0p and π

+n channels account for nearly

90% of the meson electroproduction cross section in

the resonance region.

A new generation of high precision photo- and

electro-production experiments have now made it

possible to measure both π
0p and π

+n channels with

large kinematic coverage for the hadronic invariant

mass (W ) and the momentum transfer (Q2). The

most precise measurements exist for excitation en-

ergies around the ∆(1232) resonance. Experiments

using real photons at LEGS and Mainz and elec-

trons at Bates, Bonn and Jefferson Lab have mea-

sured ∆+ → pπ
0 decay angular distributions in or-

der to extract the form factors of the N∆ transition

amplitudes up to 6 GeV2 in Q2[3—5]. While new ex-

perimental data for π
+n channel are available up to

2 GeV in W [6, 7], but lack of experimental data for

π
0p channel above ∆(1232) resonance region make a

coupled channel analysis very difficult.

In this proceeding, we report the status of data

analysis for π
0p channel, and preliminary results will

be presented and compared with the various model

calculations.

2 Experimental setup and event selec-

tion

The data were taken using the CEBAF Large Ac-

ceptance Spectrometer (CLAS) in Hall B at Jefferson

Lab[8]. A schematic view of the CLAS is shown in

Fig. 1. Six super-conducting coils generate 2 Tesla

toroidal magnetic field pointing primarily along φ.

The space between the coils defines six wedge-shaped

sectors which are individually instrumented as inde-

pendent magnetic spectrometers. The detector pack-

age consists of drift chambers for charged-particle mo-

mentum reconstruction, gas Cerenkov counters for
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e/π separation, plastic scintillation counters for time-

of-flight based particle identification, and sampling

calorimeters to detect electromagnetic showers from

electrons and photons.

Fig. 1. Horizontal mid-plane cut through the

CLAS detector at beam line elevation showing

charged particles traversing the drift chambers

(Region 1,2 and 3) in opposite sectors. Out-

side of Region 3 are time-of-flight (TOF) coun-

ters, calorimeters (EC), and Cerenkov coun-

ters (CC). The 2 Tesla toroidal magnetic field

is contained within the boundary surrounding

Region 2.

Beam electrons having energies of 2.445 GeV and

5.745 GeV were delivered at 100% duty factor onto

a liquid hydrogen target at a current of 2.5 nA —

8 nA. Scattered electrons were detected over an an-

gular range of 20◦ — 55◦ with a momentum resolu-

tion of σp/p ≈ 0.5 % covering a range of Q2 = 0.3

— 6.0 GeV2 and W up to 2.0 GeV. Coincident pro-

tons were identified by time-of-flight and exclusive

π
0p events identified using missing mass spectrum.

Electron-proton co-planarity cuts were used to sup-

press the elastic Bethe-Heitler radiation as shown in

as shown in Fig. 2. Target window backgrounds were

suppressed with vertex cuts.

CLAS acceptance, tracking efficiency and resolu-

tion were simulated using a GEANT model of the

detector geometry which incorporated the magnetic

field map, surveyed positions of detector elements (in-

cluding target position relative to coils), dead wires

or TOF bars and measured wire chamber drift times.

Software fiducial cuts were used to define the solid an-

gle for electrons and protons, excluding regions of low

Cerenkov efficiency or large multiple scattering from

from magnetic coils.Proton energy loss in the target

and detector was included. Radiative correction is

calculated using the approach of reference[9], which

is based on a covariant method for infrared cancella-

tion is used, is used. Multiple soft photon radiation

is included via exponentiation. This method is pre-

ferred over the Mo and Tsai procedure because (1)

it addresses exclusive electroproduction rather than

inclusive, (2) the infrared cancellation is indepen-

dent of the unphysical parameter ∆ separating the

phase space of soft and hard photons necessary in

the Mo and Tsai procedure leading to uncertainties

and (3) The approach of reference[9] does not rely

on the peaking approximation, avoiding uncertainties

at a few percent level associated with it. The large

momentum and angular acceptance of CLAS permits

events to be accumulated directly into bins of Q2, W

and hadronic decay CM angles θ∗

π
, φ∗

π
.
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Fig. 2. Solid line: Missing mass squared spec-

trum (M2
x) from e+p → e+p+X from E1E

2.445 GeV run. Dotted line: after the elastic

Bethe-Heitler suppression.

3 Preliminary results

The exclusive pion electro-production cross sec-

tion is given by:

d3σ

dQ2dWdΩ∗

π

= JΓv

dσu

dΩ∗

π

, (1)

where J , the Jacobian and Γv is the virtual photon

flux. For unpolarized beam and target, the differ-

ential cross section dσu depends on the longitudinal

polarization εL = (Q2/|k∗|2)ε and transverse polariza-

tion ε of the virtual photon through four structure

functions, σT, σL and their interference terms σLT,

σTT:

dσu

dΩ∗

π

=
p∗

π

k∗

γ

(σT +εLσL +εσTT sin2 θ∗

π
cos2φ∗

π
+

√

εL(ε+1)σLT sinθ∗

π
cosφ∗

π
), (2)
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where p∗

π
and k∗

γ
are the π

0 momentum and pho-

ton energy in the CM frame, while |k∗| is the 3-

momentum of the virtual photon. For a fixed beam

energy, an out-of-plane measurement of the hadronic

decay angles θ∗

π
, φ∗

π
permits the separation of σT +

εLσL, σTT and σLT.

Figure. 3 shows an example of the φ∗

π
depen-

dence of the differential cross section compared with

MAID2007 calculations. The structure functions

σT + εLσL, σTT and σLT were extracted for each W

and cosθ∗

π
bin by fitting these data with the form

in Eq. (2). The solid line shows a typical fit. The

θ∗

π
dependence of the extracted structure functions is

shown in Fig. 4. Also shown are MAID2007 model

calculations based on a fit to the previous world data

using the Mainz Unitary Isobar Model (UIM). All er-

rors shown throughout are statistical only. Absolute

normalization uncertainty is around 5 %. Analysis

of the full data set at multiple energies is underway,

which will provide new data with a coverage up to

Q2 = 6.0 GeV2 and W = 2.0 GeV.
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Fig. 3. Typical out-of-plane differential cross section at Q2 = 0.65 GeV2 and W = 1.565 GeV for various

cosθ∗

π bins. The solid line shows a typical fit. Statistical errors only.
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Fig. 4. Structure functions extracted at Q2 = 0.65 GeV2 and W = 1.565 GeV. Solid line shows MAID2007

prediction. Statistical errors only.
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