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Exclusive η production in pp reactions
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Abstract. Angular distributions for the exclusive reaction pp → ppη observed via the π+π−π0 decay
channel have been measured at Tbeam = 2.15 GeV, 2.50 GeV and 2.85 GeV (excess energies Q = 324 MeV,
412 MeV and 554 MeV). The polar angle of the η shows an anisotropy with respect to the beam direction
for the lowest energy, which vanishes for the higher energies. The anisotropy of the pp polar angle increases
slightly with the beam energy.

PACS. 13.75.Cs Nucleon-nucleon interactions (including antinucleons, deuterons, etc.) – 14.40.Aq π, K,
and η mesons – 25.40.Ve Other reactions above meson production thresholds (energies > 400 MeV)

1 Introduction

The production of η-mesons in nucleon-nucleon collisions
plays a role in elementary hadron physics to test various
production models based on one-boson exchange [1–5]. In
contrast to pion production, η production is dominated
by the near-threshold resonance S11(1535)N∗, which has
a large coupling to the η-decay. Moreover, differential
and total cross-section distributions measured in elemen-
tary η production are important for heavy-ion physics,
where they are folded into model calculations. In nucleon-
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nucleon collisions, η production has been measured in
early bubble chamber experiments with sufficient statistic
for total cross-sections and in near-threshold experiments
with differential cross-section distributions up to a beam
energies of 1.5 GeV [6–12], where the small phase space
covers only a fraction of the S11(1535)N∗ signal.

In ref. [12], angular distributions of the η-meson in the
Center-of-Mass system (CM) as well as for the pp system
have been presented at near-threshold energies (excess en-
ergies 16 and 37 MeV). It has been shown that the distri-
bution of the η CM polar angle (cos θCM

η ) is not isotropic
and has a maximum flow of η-mesons perpendicular to the
beam direction. The sign of this anisotropy is the same as
observed in photoproduction [13], but opposite to the η
production with pion beams [14]. Using the idea of the
vector dominance model, where the photon is coupling to
the proton-η vertex by an intermediate vector meson, this
is a hint for a dominant vector meson exchange in this en-
ergy region. A more detailed interpretation of these data
shows a dominant exchange of ρ vector mesons [5] with
a destructive ρ/π interference. The sign of the anisotropy
should be opposite if π exchange were dominant.
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In this report, angular distributions of the exclusive
reaction pp → ppη are presented, which have been mea-
sured with the DISTO-Spectrometer at higher energies.
First, an overview of the apparatus and the data analy-
sis techniques are given. In the second part, the measured
angular distributions of the η as well as the of recoiling pp
system are shown.

2 Experimental setup and analysis steps

The DISTO magnetic spectometer [15] was located at the
SATURNE II accelerator. Proton beams with kinetic en-
ergies of 2.15 GeV, 2.50 GeV and 2.85 GeV were directed
to a liquid hydrogen target. The relevant components of
the detector for the results presented here were a large
dipole magnet which covered the target, two sets of multi-
wire proportional chambers (MWPC) mounted outside
the magnetic field and an array of water Čerenkov de-
tectors, which allowed a separation of protons and pions
over a large momentum range. The large solid angle of
the detector allowed final states with four charged parti-
cles to be measured. Various kinematically complete reac-
tions have been investigated simultanously under the same
conditions of four charged particles in the final state, e.g.,
ppK+K−, ppπ+π−(π0) and pKY , Y = Σ,Λ [16–18].

The exclusive η production has been observed via the
reaction pp → ppη → ppπ+π−π0 (η → π+π−π0 branch-
ing ratio: 23% [19]). The momentum of each track has
been calculated using the hit pattern information of the
MWPC. The four-momentum vectors were determined by
assigning a mass hypothesis (p or π+) to the positively
charged tracks. A χ2-test was applied to the measured
three-momenta and Čerenkov light outputs to find the
best assignment of the positive tracks to the ppπ+ hy-
pothesis. Futhermore, a requirement of χ2

best < 3 has
been used to suppress events from other reactions (e.g.,
pp → pKΛ → ppKπ).

After the identification of all four charged particles
in the final state, energy and momentum conservation
can be used to reconstruct the invariant mass M inv

X and
missing mass Mmiss

X of specific particle combinations X.
To select the reaction ppπ+π−π0 versus other reaction
channels with ppπ+π− in the final state a missing π0

has been required with the conditions 0.002 GeV2/c4 <
(Mmiss

ppπ+π−)2 < 0.037 GeV2/c4 and (M inv
π+π−)2 < (Mmiss

pp )2.
A further suppression of background and gain in momen-
tum resolution have been archieved by refitting the four
tracks with the additional constraint that Mmiss

ppπ+π− =
Mπ0 [17].

To evaluate the acceptance of the detector, Monte
Carlo simulations have been used, which were processed
through the same analysis chain as the measured data.
The simulations indicate a very low acceptance of the ap-
paratus for the η produced in the backward hemisphere
in the CM frame. However, since the initial system con-
sists of two identical particles, a reflection symmetry about
θCM = 90◦ exists, thus the backward data are redundant
for the cross-section determination. In the forward hemi-
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Fig. 1. Proton-proton missing-mass squared for 4 different
cos θCM

η -bins (2.85 GeV data) before absolute normalization.
Dotted line: η line shape from Monte Carlo simulation. Dashed
line: background (polynomial of 6th order). Solid line: signal
plus background. Both data and simulation have been cor-
rected for acceptance in the η invariant mass region.

sphere the detector acceptance was found to be non-zero in
every bin over the full kinematically allowed region, thus
eliminating the need for any model-dependent extrapola-
tions of the cross-section into unmeasured regions of phase
space.

The kinematically allowed phase space of the three-
body ppη final state has been divided into 4-dimensional
kinematic bins. We have chosen the invariant masses
M inv

p1η, M inv
p2η and three Euler angles θCM

η , φCM
η , ψCM

pp as the
degrees of freedom, where symmetry reasons ensure that
the φCM

η distribution must be isotropic. The efficiency cor-
rection factor was determined for each bin separately by
dividing the number of generated ppη events by the num-
ber of reconstructed events in the corresponding accep-
tance bin. The data presented below have been corrected
on an event-by-event basis via this weighting factor. For
a detailed discussion see [18].

The data which has been selected by all conditions still
contain background, mostly from non-resonant π+π−π0

production. A χ2 minimization routine has been applied
to a parametrization of the background and signal. The
background has been parameterized by a 6th-order poly-
nomial. The line shape of the η signal was derived from
Monte Carlo simulation for each individual bin of the an-
gular distributions. Figure 1 shows the pp missing-mass
distribution (2.85 GeV data) for four ranges of cos θCM

η ,
which is the polar angle of the η-meson with respect to
the beam direction in the ppη CM system.

Due to the large systematic uncertainty of the beam
current normalization, we did not measure the total cross-
section of the pp → ppη reaction. However, the total
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Fig. 2. Angular distributions of the η with respect to the beam
direction (left column) and of the pp system in the pp rest
frame (right column). The data have been fitted with the first
two even Legendre polynomials. The error bars include both
statistical and systematical uncertainties. The histograms on
the right side have been scaled by a factor of 1

2
since cos θpp is

only defined between 0 and 1.

cross-section of pp → ppη is known from many other
experiments, allowing us to obtain the absolute normal-
ization of the angular distributions, as shown in [18]. Fol-
lowing the same procedure, we used 90±20µb, 100±30µb
and 120± 40µb for the Tbeam = 2.15 GeV, 2.50 GeV and
2.85 GeV data, respectively. Since the absolute normal-
ization enters only as a global scale, the related error bars
have not been included in the errors of the individual bins
in the presented angular distributions.

However, each bin of the angular distributions has an
individual error due to systematic effects, which are dom-
inated by the acceptance correction and background sub-
straction. To evaluate those bin-by-bin errors, both the
statistical error from the minimization routine and the
bin-by-bin systematical error have been taken into ac-
count. The systematic error has been obtained by com-
paring background fits with similar χ2 values but different
conditions on both the polynomials and the signal shape
and included in the angular differential cross-sections pre-
sented in this work.

3 Results

The differential cross-section has been evaluated as a func-
tion of cos θCM

η and cos θpp, as shown in fig. 2. Here,

Table 1. Contribution c2 of the 2nd Legendre polynomial.

Beam energy Excess energy c2(η) c2(pp)

2.15 GeV 324 MeV −0.33 ± 0.20 0.31 ± 0.06
2.50 GeV 412 MeV −0.19 ± 0.15 0.38 ± 0.07
2.85 GeV 554 MeV −0.01 ± 0.10 0.50 ± 0.06

θpp is the polar alignment of the pp system in the pp
rest frame with respect to the beam axis. The observ-
ables have been divided into 10 bins, for each bin the
yield has been extracted by fitting and subtracting the
background. Both angular distributions have been fitted
with the sum of the first two even Legendre polynomials
dσ
dΩ ∝ L0,2(cos θ) = c0[1+c2L2(cos θ)] to evaluate the con-
tributions of c0 and c2. The c2 parameters at the different
beam energies are compared in table 1. These results indi-
cate an anisotropy of the produced η-meson perpendicular
to the beam direction at 2.15 GeV, which is smaller for the
2.50 GeV data and vanishes for the highest energy. The
c2 contribution of the protons increases with the beam
energy. The inclusion of Legendre polynomials of higher
order were not neccessary to describe the data points.

In conclusion, we have measured the angular distribu-
tion in the reaction pp → ppη with the DISTO spectrome-
ter at beam energies of 2.15 GeV, 2.50 GeV and 2.85 GeV.
The anisotropy of the η-meson polar angle at 2.15 GeV
gradually vanishes at larger beam energies. This behaviour
should be considered in upcoming theoretical approaches
together with the new near-theshold data from COSY [20]
with higher statistics in one framework.
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