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A complete theory of strong interactions must describe the excited baryon spectrum as
well as the structure of each excited state, which extends into the virtual photon do-
main and reflects the dynamics of nonperturbative QCD. The experimental challenge of
extracting the prerequisite Q?-dependent information is complicated by multi-channel
couplings and overlapping excited states. Beyond the discriminating power of exclu-
sive single- and double-pion electroproduction, the w (783) channel provides an excellent
probe of excited states in the third resonance region. The current analysis provides pre-
liminary differential and integrated cross-sections of w electroproduction off the proton
from W = 1.7 to 3.2GeV and Q% = 1.5 to 5.5 GeV2. The data was collected by JLab’s
CLAS detector during two run periods and comprises the largest sample of exclusive
resonance-region w electroproduction ever analyzed. Preliminary Legendre decomposi-
tion of the cross-sections supports previous indications of s-channel contributions to
cross-sections in the resonance region.
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1. Introduction

The QCD Lagrangian might contain the full story of strong interactions, but it
does not directly provide much insight into some of its own most important features
emerging in the nonperturbative regime.! The information needed to explore these
dynamical features is encoded in the baryon spectrum and elastic and transition
form factors. Photoproduction experiments serve as excellent probes of the excited
baryon spectrum, while electroproduction experiments afford access to form factors
that extend our view of the baryons into the virtual photon domain.

2.3 are mitigated by ex-

The experimental challenges of accessing this information
clusive measurements and selective production channels, such as ~,p — wp, which
is highly discriminating in several ways: First, the majority of world data is de-
rived from 7 production. w might couple to previously undetected resonances more

strongly than 7. Second, the isoscalar nature of w restricts its couplings to isospin-
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1/2 resonances. Finally, the narrow 9-MeV w decay width reduces systematic errors
introduced during background subtraction. In this analysis, exclusive w production
off the proton is studied via the three-pion decay channel,

YoP — WP — 7r+7r77rop.

The w production is described in terms of four independent variables, W, Q2,
cos 0*, and ¢*, where 0* and ¢* are the polar and azimuthal angles of the w three-
momentum in the right-handed, center-of-momentum coordinate system with @, =
e X e normal to the electron scattering plane.

Under the one-photon-exchange assumption, the scattering matrix factorizes
into the well-known leptonic part and the unknown hadronic part. The correspond-
ing differential cross-section is expressed as

d*o 2oy,

AWdQzd0* o (1)

where I' = T'(W,Q?) is the virtual photon flux that normalizes events according
to the probability density of producing a virtual photon. The resulting hadronic
cross-sections are decomposed into the unpolarized cross-section ¢ = op + eor, and
the interference terms o1 and o7 according to the virtual photon polarization, e:

d2
d;)ff =or +eop + eorrcos(2¢*) + \/2e(1 + €) opr cos(¢¥) . (2)
Connecting the hadronic cross-sections to the binned experimental data yields
d20'h -~ 1 1 N (3)
dQ* — BL({T)AWAQ? [[,w* AQ*’

where B = 0.891 is the branching ratio for w’s three-pion decay?; L is the integrated
luminosity; AW, AQ?, and AQ* multiply to give the four-dimensional bin volume;
each w' is a correction factor (Section 2 lists corrections); and N is the yield in one
bin of the four-dimensional kinematic space.

2. Experimental setup and data reduction

The current work analyzes data collected with the CLAS detector® during E1F
and E1-6 run periods. Unpolarized liquid Hydrogen targets were subjected to 5.5-
(E1F) and 5.8-GeV (E1-6) longitudinally polarized electrons from JLab’s contin-
uous electron beam. The integrated luminosity is 21 fb~! for EIF and 28.5 fb—!
for E1-6. Both run periods utilized reduced magnetic fields to enhance detection of
inward-bending negative pions that would otherwise pass through the forward hole
of the CLAS detector. Data acquisition was triggered by conincident and geomet-
rically consistent hits in the Cerenkov detector (CC) and forward electromagnetic
calorimeter (EC), permitting electrons above 0.5 GeV

The w kinematics can be determined from the reconstructed electron and proton,
but to enhance the signal to background ratio, detection of at least one of its decay



August 12, 2013 8:40 WSPC/INSTRUCTION FILE ephelps'nstar2013

Ezxclusive measurements of omega electroproduction off the proton 3

$ ¥ ©Q2=1[2.100,2.400) GeV? Phelps, E1F 3 ¢ W =[1.880,1.900) GeV, Phelps, EIF
} & & Q*=[2.200,2.500) GeV? Morand, E16 ¢ & (W)~ 1.85GeV2 Morand, E16
o} ..r,mi
— fﬁ — by i
& oo} E% & oo}
5 7 ¢ % . 5 ! }
t HEH g i :
smf ) - smf
Iiiﬁi s '
s 3% E%E
”l 6 l‘b‘, 2.0 2‘2 2‘1 2‘(; 28 ”l 5 2‘0 2‘5 .i‘ll vi"; l‘U 1"» 5‘0
W(GeV) Q2(GeV?)

Fig. 1. Unpolarized cross-sections in sample Q2 (left) and W (right) with legend indicating
sources. Preliminary E1F results are from partial statistics with statistical error bars only. The
published E1-6 results (Ref. 6) are transformed from Bjorken z;, to W, so the points correspond
to mean W values rather than W bins.

pions is demanded. Neutral pions are not reconstructed, so candidate events fall
into three independent sets according to which particles, exclusively, were detected.
These sets correspond to the following detection topologies:

Yop — prT X
Yop — pr~ X (4)
Yop = prtnT X,

where X represents all undetected particles in the event.

Surviving events are subjected to (a) electron momentum corrections, (b) hadron
energy loss corrections, (c) fiducial volume cuts, (d) vertex corrections, (e) target
volume cuts, and (f) CC cuts and corrections, independent of topology.

Topology-dependent cuts and corrections include (g) two-dimensional missing-
mass event selection on MM, versus MM+, MM, or MM+, (h) side-
band background subtraction in four-dimensional kinematics, and (i) simulation-
determined acceptance, efficiency, and radiative corrections.

3. Preliminary results

Preliminary results presented here derive from the v,p — prTX detection topology
of E1F. With these partial statistics, or + eor, is extracted (see, e.g., Figure 1 with
comparison points from Ref. 6 denoted) and decomposed into Legendre moments
I < 2 and ¢-/u-channel contributions according to ¢-integrated differential cross-
sections in 20-MeV W bins and variable-width Q2 bins,® as illustrated by sample fits
in Figure 2. The representative fits serve to communicate some important features
revealed by this analysis, especially with respect to the W and Q? evolution of s- and
t-channel contributions: At low W, exemplified by W = 1.79 GeV in column 1, o is

aInterference terms (not shown here) are decomposed according to the fully differential cross-
sections with the same W, Q2, and cos #* binning and an additional dimension of 19 ¢* bins.
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Fig. 2. ¢-integrated differential cross-sections in sample W, Q2 bins. Solid black curves represent
total fits; dotted blue curves represent Legendre contributions, limited to I < 2; red filled regions
represent t-channel contributions. u-channel contributions are not required in the selected bins.

describable by I < 2 Legendre polynomials alone. For W > 1.9 GeV, as in columns 2
and 3, t-channel contributions enhance the forward angle cross-sections but diminish
with increasing Q? more quickly than s-channel Legendre contributions. For W >
2.3 GeV, the t channel dominates with increasing relative strength, as expected.
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