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those forp® production. A sizable contribution of unnatural parity Bange amplitudes is found
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1. Spin Density Matrix Elementsin thereaction e+ N — e+ w-+ N

The angular distribution of the decaying products in the readiomp — e+ p+ w, wherew
decays aso— 1" 1T 1°(— 2y) depends on Spin Density Matrix Elements (SDMESs). The SDMEs
describe the distribution of final spin states of the produoaedeson. These elements depend on
helicity amplitudes for the angle and momentum dependent transition prodesshehe initial
spin state of the virtual photon and the final spin state of the produced veetson.

In they*N CM frame, the spin density matr'r>§Y A is given by the von Neumann formula [1]:
V Ay

— U+Lp*
r;\va\’, M =5 D PP P (1.1
M
wherepyy}l- is the spin density matrix of the virtual photoy, :.,», is the helicity amplitude,
y

-/ is a normalization factor, andl,;, Ay, AN are the helicities of the vector meson, virtual photon
and nucleon, respectively, amddenotes different polarization states of the virtual photon.

Usually, the helicity amplitude is decomposed into the sum of an amplitude T forahatur
parity exchange (NPEP(= (—1)”) and an amplitude U for unnatural-parity exchange (URFE)-(
—(=1)"), given byFy aiaa = Tavagiaan +Unagiaag-

For an unpolarized target there is no linear contribution of nucleon-hefigitamplitudes to
SDMEs (as they are suppressed by a fattof = (%)2, wheret’ is a measure of the transverse
momentum of the vector meson with respect to the direction of the virtual phottig reduces
the number of amplitudes to nine: the helicity conserving amplituldgsTi1, U11, and the helicity
non-conserving amplitud€®s, T1o, T1_1, Uo1, U1g, U1_1, where we used the abbreviatimvav =
TAv%/\y%' The dominance of diagonal transitions is called s-channel helicity ceatgar (SCHC).

For a longitudinally polarized beam and unpolarized target there are RESPL5 which do
not depend on beam polarization, and 8 which depend on beam polariZaliey are determined
from a fit of the angular distribution of pions in the deaay- " .

The values of the SDMESs can serve to establish the hierarchy of the hehgjtjtades that
are used to describe exclusiweproduction. They are also used to test the SCHC hypothesis and
to investigate the contribution of the unnatural parity exchange mechanignpiaduction.

2. Experiment

The data were accumulated at the HERMES experiment at DESY using th&@V.®ngitu-
dinally polarized positron or electron beam in the HERA storage ring, sedttdf a hydrogen or
deuterium target. Selected events consisted of exactly three tracksréstéggton, positive and
negative pion) and two clusters in the calorimeter (the neutral-pion decayns).

The "exclusivity" of the omega production is characterized by missingygns = %r:@
with the missing mass squarbtf = (p+q— pp+ — P — Pro)? , where p, qp,+, P andp,o are
the four-momenta of the proton, virtual photon and each of the ardecay pions, respectively.

For the exclusive reaction the target nucleon remains intact, which porrds toAE =0. On
the left panel of Fig. 1 the missing enerdy, distribution is shown by the red histogram , with a
clearly visible exclusive peak. The blue histogram represents semiivellsep inelastic scatter-
ing (SIDIS) background obtained from a Pythia Monte Carlo simulation anchalised to data. It
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Figure 1. Left panel: theAE distribution of data for exclusives production (red line) is compared with
the SIDISAE distribution from PYTHIA (shaded area). Right panel: Baiigner fit of thew — mtm r°
invariant mass distributions for data collected on a hydrogrget (top) and on a deuterium target (bottom),
after application of all cuts for the selection of exclusiliéfractive o mesons. A good agreement of the fit
results with PDG values of th® mass (m =782.65 MeV) is observed.

was used to determine the fraction of background under the exclusake phe fraction of back-
ground is about 20%. On the right panel of Fig. 1 the invariant mass @& fhions is shown, after
applying all constraints for the selection of the exclugiveneson.

3. Resaults

The SDMEs of thew meson for the integrated datdQf) = 2.42 Ge\?, (W) = 4.8 GeV
and (—t') = 0.796 Ge\?), whereQ? represents the negative -square of the virtual-photon four-
momentum andV the invariant mass of the photon-nucleon system, are presented in Figpe2. T
presented SDMEs are divided into five classes corresponding toattiffieelicity transitions. Class
A corresponds to the transition of longitudinal virtual photons to longitudimedons;” — Vi and
transverse virtual photons to transverse mesggns Vr. Class B corresponds to the interference
of these two transitions. Class C corresponds toyhes Vi transition, class D to thg" — Vr
transition, and class E to thg — V_t transition.

The SDMEs for the hydrogen and deuterium data are found to agree whgimstatistical
uncertainties. The presented SDMEs are multiplied by certain numericatdactorder to allow
their comparison at the level of dominant amplitudes [2]. The 8 polarized EDate presented
in the shaded areas. Their experimental uncertainties are larger in é¢somptr the unpolarized
SDMEs because the lepton beam polarization is smaller than unity and in thddasfrangular
distribution they are multiplied by small kinematical factors, see equation 39.if2jef

On Fig. 3 the comparison @b and p° [2] SDMEs is shown. One can see that the SDMEs
ri ; and Im2_; of class A, have opposite sign forandp®. The SDMEr} |, is negative for the
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Figure 2: The 23 SDMEs extracted from data: proton ( circles) and deuterium (squares) in the eentir
HERMES kinematics withQ?) = 2.42 Ge\? and (—t') = 0.796 GeV2. The SDMEs are multiplied by
prefactors in order to represent the normalized leadingribartion of the corresponding amplitude . The
inner error bars represent the statistical uncertaintibge the outer ones indicate the statistical and system-
atic uncertainties added in quadrature. SDMEs measurédunijtolarized (polarized) beam are displayed
in the unshaded (shaded) areas.

w meson and positive fgo®. Imr2 , is positive forw and negative fop®. In terms of helicity
amplitudes these two SDMEs are written as:

1 o~
= ﬁZ{\TnIZJr [To-af? = Unaf* = U147} 3.1)

1 —
Im{rf 1} = ﬁz{—mﬂz*' a1+ |Uaa® = U1}, (3.2)

Whereizé > aa following the notation in ref. [2].

The equations 3.1 and 3.2 imply the following inequalities:
U11/% 4 [U1-1/? > |T1a|? + |T1_1/? for w meson (from eq. 3.1)
I T11/%4|U11|2 > [T11/? + |U1_1/? for o meson (from eq. 3.2).
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Figure 3: Comparison of the 23 SDMEs extracted freoand p® [2] data: proton ( circles) and deuterium
(squares) in the entire HERMES kinematics Wi@?) = 2.42 Ge\? and (—t) = 0.796 GeV?2. The inner
error bars represent the statistical uncertainties, vth#éeouter ones indicate the statistical and systematic
uncertainties added in quadrature. SDMEs measured witblamnped (polarized) beam are displayed in the
unshaded (shaded) areas.

At smallt’ the double spin-flip amplitudes; 1 ~ Ty 1 ~ 0. This implies thatU;1]? > |T11/?
for the w meson, Whereajﬁ'll\2 > ]U11|2 for therho® meson. Thus the unnatural parity amplitude
U171 gives the dominant contribution for thee meson, while the natural amplitude; gives the
main contribution for thgp® meson. It suggests large UNP exchangedfaneson production.
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