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Abstract

The Ay for in proton-proton collisions (pp → ppω) has been measured at
COSY with the TOF spectrometer. In the experiment a transversely polar-
ized proton beam was used with a beam momentum of pBeam = 3065 MeV/c,
corresponding to an excess energy of ε = 129 MeV. The result, a vanishing
analyzing power, is a further step towards the determination of the leading
partial waves in this reaction channel.

1 Introduction

The reaction pp → ppω has been studied near threshold and at moderate
excess energies up to ε = 320 MeV (ε =

√
s−√

s0,
√

s0: threshold energy) by
means of electronic detector systems since the late 1990ies [1–4]. The energy
dependence of the measured total cross sections is reproduced well by sev-
eral theoretical models describing the ω production via one pion exchange [5],
nucleon resonances [6] or nucleonic and mesonic currents [7]. In order to dis-
criminate between the different theoretical approaches and to improve the
understanding of the reaction dynamics involved, angular distributions have
been measured as well [2–4, 8]. However, the available data do not allow to
determine the energy dependent contribution of different partial waves. For
this objective the measurement of polarization observables is very helpful,
since they are particularly sensitive to the contributing partial waves. So far
no data exist for polarization observables in this channel.
The analyzing power Ay was determined in an experiment utilizing a polar-
ized proton beam incident on an unpolarized proton target (pp → ppω).

1E-mail address: W.Ullrich@physik.tu-dresden.de

445



W. Ullrich et al. ω Meson Production in pp Collisions

2 Experiment and Results

The data were taken with the TOF spectrometer located at the COoler SYn-
chrotron COSY (Jülich). COSY provided a transversally polarized proton
beam and the orientation of the beam polarization was flipped each oper-
ating cycle of the accelerator where each cycle took about 120 s. The beam
polarization was determined to be PBeam = 0.32 ± 0.03 by the analysis of
proton proton elastic scattering. The integrated luminosities for the resulting
data sets for the two orientations of the beam polarization were determined
to coincide within an uncertainty of 0.3%.
The TOF detector stands out for its large geometric acceptance (1◦ < θlab <
60◦, 0◦ ≤ φ < 360◦) in combination with a high detector efficiency (> 95%)
for the detection of charged particles. This allows the unambiguous and
simultaneous identification of different reaction channels (e.g., pp → pp,
dπ+, pK+Λ, pK+Σ0, ppω) by examining their event topology. The reac-
tion pp → ppω was preselected via the main decay channel of the ω meson
(ω → π+π−π0,BR ≈ 89.1%) which leads to four charged particles measured
in the detector and one unobserved neutral pion. The outgoing protons and
the charged pions, due to their large mass difference, are clearly separated
in a velocity vs. polar angle representation [8]. This separation was used
to assign masses to the measured velocity vectors in order to calculate the
corresponding four-momenta. The main sources of background are the non-
resonant and resonant two-pion production channels. Their contribution was
reduced by a constraint for the acoplanarity of the pion candidates with the
reconstructed meson since for an ω decaying into three pions the plane de-
fined by the two observed pions does in general not contain the direction of
the meson (for details see [8]). The analysis only considers events where the
sum of momenta of the two protons points into the backward hemisphere
of the CMS, since in these cases the protons are slower in the laboratory
frame and the momentum resolution achieved is therefore significantly bet-
ter. Hence, the determination of Ay(θ

∗
ω) is restricted to 0 < cosθ∗ω < 1. Using

the four-momenta of the two protons the missing mass is calculated.
In order to obtain differential observables, missing mass spectra have to be
produced for different intervals of the observable under study. For the de-
termination of the analyzing power Ay, missing mass spectra were created
for five bins in polar and eight in azimuthal angle of the ω in the CMS and
for two spin orientations of the proton beam (altogether 80 spectra). For
all these spectra the number of ω events has to be determined individually.
An example for one pair of missing mass spectra for one solid angular bin
and both spin orientations is shown in the left frame of Fig. 1. No depen-
dence of the background on the beam polarization was observed for any of
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Figure 1: Left: Missing-mass spectra for the interval 0.6 < cosθ∗ω < 0.8 and
−22.5◦ < φω < 22.5◦ for the two orientations of the beam polarization. The
dashed line represents the average background.
Right: Analyzing power for the pp → ppω reaction. All values agree with
zero within the quoted uncertainties.

the angular bins. Therefore, an average background shape was determined
and the number of ω events is the number of counts in the ω peak above
this background. With these numbers the asymmetry between the two spin
orientations is determined. This was done over the whole azimuthal angular
range for five bins in the polar angle. From the amplitude of a cosine fit
to the distribution of the asymmetry over the azimuthal angle and with the
known beam polarization the analyzing power Ay was determined for the
different polar angular bins. The result is shown in the right frame of Fig. 1.

3 Discussion

In the following we use the notation (2S+1LJ)i → (2S+1LJ)f lω for the descrip-
tion of the partial waves, where the angular momentum of the proton-proton
system is denoted by L, the spin by S and the total angular momentum by
J . Subscripts i and f signify initial and final state, respectively, lω denotes
the angular momentum of the ω meson relative to the proton-proton system.
Directly at threshold only S-waves contribute to the exit channel. Then the
partial wave is 3P1 → 1S0 s with the amplitude f1. Due to the excess energy
of ε = 129 MeV and the observation of anisotropic angular distributions at
lower excess energy [8] higher partial waves must be present. The next higher
partial waves possibly contributing to Ay are 1S0 → 1S0 p and 1D2 → 1S0 p
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with the amplitudes f2 and f3 respectively. Considering all three partial
waves, the analyzing power follows [9]

Ay ∝ Im(f∗
1 (f2 − 1/3f3)) k sinθ∗ω cosφω, (1)

here k denotes the absolute value of the ω momentum in the CMS. That
means our finding f∗

1 (f2 − 1/3f3) ≈ 0 indicates f1 ≈ 0 or f2 ≈ 3f3 or
f2 ≈ f3 ≈ 0 or f ∗

1 ⊥ f2 and f∗
1 ⊥ f3. Obviously this result does not rule

out a non-vanishing analyzing power below or above the excess energy of
ε = 129 MeV.
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