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Abstract. An experimental program has been initiated at the Cooler Synchrotron COSY-Jülich — a stor-
age ring for (un-)polarized proton and deuteron beams up to 3.7 GeV/c — to investigate strangeness
production in hadron-induced reactions. Besides studies of hyperon-production (pN → KY N , where
Y = (Λ, Σ)), measurements of the production of kaon pairs have also been conducted; these comprise:
pp → ppK+K− below (COSY-11) and above (ANKE) the φ-threshold, pp → dK+K− to study a0, f0, φ-
production on the neutron (ANKE), pp → dK+K̄0 for kaon-pair production in the a+

0 -channel (ANKE),
pd → 3HeK+K− which is sensitive to 3HeK̄ final state interaction (MOMO), and dd → 4HeK+K−

which filters kaon pairs in the f0-channel (ANKE). ANKE, a magnetic spectrometer at an internal tar-
get position of COSY, is equipped with detector systems for positively and negatively charged particles.
These can detect the kaons and one can reconstruct the intermediate KK̄-states by their invariant mass.
Alternatively, the K+ and the two baryons or the nucleus in the final state are detected and the missing
mass technique is applied to find the non-observed residuum. In this contribution, the recent ANKE results
[1–4], as well as plans for future measurements are presented.

PACS. 25.10+s Nuclear reactions involving few-nucleon systems – 13.75-n Hadron-induced low- and
intermediate-energy reactions and scattering energy (energy ≤ 10 GeV)

1 Introduction

Quantumchromodynamics (QCD) is the theory of strong
interactions. The properties of QCD at low energies or
large distances are yet poorly known and are among the
few uncharted territories of the standard model. A better
understanding of strong QCD can be achieved from the
spectroscopy of strongly bound quark states (hadrons).

An outstanding example is the light scalar mesons
a0(980) and f0(980). Up to now, more states with JP = 0+

have been observed, than it is necessary to form the scalar
nonet. This initiated the discussion about the nature of
the a0/f0(980) resonances. The naive constituent quark
model treats the scalar mesons as qq states (see e.g. [5]).
However, a0/f0 can be also identified with KK̄ molecules
[6] or compact qq − q̄q̄ states [7]. The possible observa-
tion of the a0/f0-mixing [8,9] which can violate isospin
conservation, is very interesting, because this symmetry
plays an important role in QCD and such a measurement
can provide a new observable which is sensitive to the yet
unknown structure of the light scalar mesons.

Another interesting topic is the properties of light vec-
tor mesons (JP = 1−), ρ, ω and φ, such as their cou-
pling constants, production mechanisms close to thresh-
olds and in particular the so-called Okubo-Zweig-Iizuka
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(OZI) rule [10]. This rule states that processes with dis-
connected quark lines between initial and final states are
suppressed. As a result, the production of ideally mixed
φ-mesons (quark content ss̄) in a reaction AB → φX is
reduced compared to AB → ωX (ω is a linear combi-
nation of uū + dd̄) under similar kinematical conditions.
Calculations by Lipkin [11] predict ratio of single φ to ω
production of Rφ/ω = 4.2× 10−3 ≡ ROZI . However, Rφ/ω

is strongly enhanced, in particular in pp̄ interactions [12].
In order to clarify such questions, an experimental pro-

gram has been started at the Cooler Synchrotron COSY
Jülich [13] aiming exclusive data on the KK̄ production
from pp, pn, pd and dd interactions close to the threshold.
These experiments are also attractive for the investigation
of the low energy K̄N and K̄A interactions [14].

At the COSY–11 spectrometer the total cross section
of the reaction pp → ppK+K− has been measured be-
low φ-meson threshold [15,16]. The data show a signifi-
cant enhancement of the total cross section as compared
to pure phase-space expectations or calculations within a
one-boson exchange-model. The enhancement in K−p low
invariant-mass region significantly indicates FSI for this
system [16]. At MOMO the reaction pd → 3HeK+K−
has been studied at three different excess energies [17].
The total cross section for φ production and non-resonant
K+K− production have been determined. The differential
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Fig. 1. a) Missing-mass m(pp, dK+) distribution of the pp →
dK+K̄0 events for Tbeam = 2.83 GeV. The line shows the back-
ground distribution (polynomial fit) and the shaded area indi-
cate the events used for background subtraction [4]. b) Missing-
mass m(pd, dK+K−) distribution of the pd → dK+K̄0X
events with lines indicating the proton selection range [3].
c) K+K̄0 invariant-mass distribution for the reaction pp →
dK+K̄0 at Tbeam = 2.83 GeV before acceptance correction.
Line shows the best fit for lowest allowed partial wave assump-
tion [4]. d) Cross section as a function of the K+K− invariant-
mass for the reaction pp → ppK+K− at Tbeam = 2.65 GeV.
The dashed line shows the fit of non-φ contribution (based on
four-body phase space). The solid line is the sum of φ and
non-φ parts, includes also the smearing effect of the momen-
tum resolution [1].

spectra – which are consistent with pure KK̄ S-wave pro-
duction outside the φ peak – show no evidence for a0/f0

production. Also there is no indication for strongly bound
antikaonic states, [14]. In this paper, recent results ob-
tained with the ANKE spectrometer, as well as plans for
future measurements are presented.

2 ANKE spectrometer

The magnetic spectrometer ANKE [18] consists of three
dipoles and detection systems for identification of charged
particles. In our measurements an H2/D2 cluster jet target
[19] which can provide aerial densities of up to 5 · 1014

cm−2s−1 has been used. Together with 1011 particles in
the COSY ring, it corresponds to luminosities up to 3.5 ·
10−31 cm−2s−1.

K+-mesons are detected in a detection system for pos-
itively charged particles, using time-of-flight (TOF) mea-
surement between 23 scintillation start counters, which
are placed near a side exit window of the spectrometer
magnet and the range telescopes system (for pK+ = 390 –
625 MeV/c) or a wall of scintillation counters (pK+ = 625

– 1000 MeV/c). The momentum reconstruction algorithm
uses the track information provided by two multiwire pro-
portional chambers (MWPCs). This information as well
as the kaon energy losses in the scintillators are used in
order to suppress background.

High momentum particles (p, d or He) produced in
coincidence with the kaons are detected by a forward de-
tection system which consists of three MWPCs (used for
momentum reconstruction) and two layers of scintillation
counters. As a selection criteria, the energy loss of the par-
ticles and time difference between the hits in the side and
forward systems are used.

K−-mesons are counted in a detection system for neg-
atively charged particles containing layers of scintillation
counters and two MWPCs, which also provides the pos-
sibility to use TOF, time difference between ”negative”
and ”positive” detection systems and ∆E techniques and
to reconstruct K− momenta.

Since neutral particles (such as K̄0 or n) and spec-
tator protons can not be detected directly at ANKE the
missing-mass technique has been used for the final event
identification (see Fig. 1). The widths (FWHM) of the
missing-particle peaks are around 25 – 30 MeV/c2 due to
the ANKE momentum resolution, mainly that of the high
momentum particles. The φ-peaks in the K+K− invariant
mass spectra are narrower (several MeV/c2).

3 Recent ANKE results

3.1 Search for the a+
0 (980) in the reaction

pp → dK+K̄0

Two experiments on a+
0 (980) production have been per-

formed in pp collisions at Tp = 2.65 GeV (2001) and
Tp = 2.83 GeV (2002) (corresponding to 47.4 and 104.7
MeV excess energy (Q) with respect to the K+K̄0 thresh-
old). Contributions from misidentified events, which are of
the order of 13%, have been subtracted in the differential
spectra (Fig. 2). In order to improve the invariant-mass
and angular resolutions a kinematical fit has been applied
to the data. As a result of the fit, the KK̄ invariant-
mass resolution is less than 3 MeV/c2 in the full range
for Q = 47.4 MeV data and less then 10 MeV/c2 for
Q = 104.7 MeV.

Since the data have been obtained close to threshold,
the analysis has been restricted to the lowest allowed par-
tial waves, i.e. s-wave in the KK̄ system accompanied by
a p-wave of the deuteron with respect to the meson pair
(”a+

0 (980)-channel”1), and p-wave KK̄ production with
an s-wave deuteron (non-resonant channel). Under this
assumption the square of the spin-averaged transition ma-
trix element can be written as:

|M̄|2 = Cq
0q2 + Ck

0 k2 + C1(p̂ · k)2

+C2(p̂ · q)2 + C3(k · q) + C4(p̂ · k)(p̂ · q) . (1)

1 Due to selection rules the a+
0 (980) can contribute only to

this channel.
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Fig. 2. Angular and invariant mass distributions for Tp = 2.83
GeV. The dashed (dotted) line corresponds to KK̄ production
in a relative s- (p-)wave, the dash-dotted to the interference
term, and the solid line is the sum of these contributions [4].

Here k is the deuteron momentum in the overall c.m.
system, q denotes the K+ momentum in the KK̄ system,
and p̂ is the unit vector of the beam momentum. Only KK̄
p-waves contribute to Cq

0 and C2, only KK̄ s-waves to Ck
0

and C1, and only s-p interference terms to C3 and C4.
The coefficients Ci can be determined from the data by a
simultaneous fit of Eq.(1) to the six measured differential
distributions, (two invariant-mass spectra and four angu-
lar distributions) which are not corrected for the ANKE
acceptance. ANKE events uniformly distributed over re-
action phase space and traced through GEANT model has
been used for the fit.

The coefficients Ci can be directly related to the dif-
ferent partial waves. They contain even more informa-
tion than a Dalitz plot, particularly for the interference of
[(KK̄)sd]p and [(KK̄)pd]s contributions. In Fig. 1c) the fit
for the K+K̄0 invariant-mass is shown, demonstrating the
dominance of the ”a0-channel” (around 90% of [(KK̄)sd]p
configuration).

The coefficients Ci define the initial differential distri-
butions. These allow one to calculate the total acceptance
and the total and differential cross sections (see Fig. 2).
Values of σ(pp → dK+K̄0) = (38 ± 2stat ± 14syst) and
(190 ± 4stat ± 39syst) nb have been obtained for 47.4 and
104.7 MeV excess energy [2,4]. The energy dependency of
the total cross section can be described by phase space
with the mentioned partial wave restrictions.

3.2 φ(1020)-production on proton and neutron

The reaction pp → ppφ has been measured at three beam
energies 2.65, 2.70 and 2.83 GeV which correspond to 18.5,

0 20 40 60 80

 [MeV]

 [
b]

-1
10

Fig. 3. Total cross section of the reactions pn → dφ (filled
circles [3]) and pp → ppφ (open circles for ANKE [1] and open
box for DISTO [21]) as a function of their excess energies.
On-neutron φ-production can be described by 2-body (∼ √

ε)
phase space (solid line). In pp case the pure 3-body ∼ ε2 (dotted
line) curve have been modified by a Jost-function, in order to
include an effect of the protons FSI (dashed line).

34.5 and 75.9 MeV excess energies above φ-production
threshold. At the K+K− invariant-mass spectra the peaks
around φ-meson mass are clearly visible for the all data
sets (e.g. at ε = 18.5 MeV, see Fig 1d).

In order to extract the φ-contribution a fit of the
K+K− invariant-mass spectra has been performed for
these three data samples. The distributions have been de-
scribed by a Breit-Wigner function for φ and four-body
phase-space for non-φ part.

Using the number of φ-mesons from the fit, the inte-
gral luminosity for the measurements, and the efficiencies
and acceptances of the ANKE detectors, the total φ-meson
production cross section has been deduced for the three
energies, taking into account the branching ratio in φ de-
cay ΓK+K−/Γtot = 0.491 [20]. The results plotted in Fig 3
show a very good agreement with the DISTO data point
[21] at ε = 83 MeV.

The cross section for the two low energy data points is
higher than predicted by a pure phase space extrapolation
normalized to the 75.9 MeV point , but this enhancement
can be explained by the final state interaction between
the two protons in the 1S0-state. The same effect is also
visible in the differential spectra [1].

The measurement of the reaction pn → dK+K− at
Tbeam = 2.65 MeV has been performed on deuterons as
an effective neutron target. Such measurements have the
advantage that the c.m. excess energy of the neutron in
deuteron varies due to the fermi-motion. Thus, even in an
experiment with fixed beam momentum the energy depen-
dency of the total cross section for a quite large ε region
can be measured.

In order to confirm the spectator hypothesis, a Monte
Carlo simulation has been performed where the momen-
tum of neutron in the target deuteron has been derived
from the Bonn potential [22]. The energy dependence of
the pn → dφ cross section is assumed to follow phase space
which is consistent with the results to be shown later. Af-
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Fig. 4. a) momentum distribution for unobserved spectator
protons compared with Monte-Carlo simulation based on the
spectator model. b) K+K− invariant-mass distribution with
lines showing the mass range of selected φ-mesons events [4].

ter including the detector response, the simulation fits the
shape of the data for momenta very well (see Fig. 4a) at
least up to 150 MeV/c.

In Fig. 4b the K+K− invariant mass spectrum for the
4500 events is shown. The distribution is dominated by the
φ meson peak on top of a slowly varying background from
direct K+K− production. This has been estimated by a
three-body phase-space simulation (effected by deuteron
wave-function) which, together with the φ contribution, is
fitted to the overall spectra.

Data on pp → ppω [23,24] and pn → dω [25] pro-
duction cross section have been used to determine Rφ/ω.
One obtains Rφ/ω = (3.3 ± 0.6) × 10−2 ≈ 8 × ROZI in
proton-proton and Rφ/ω = (4.0± 1.9)× 10−2 ≈ 9×ROZI

proton-neutron collision, indicating that the enhancement
of the ratio is independent of isospin. It may be a signal for
additional, and as yet non-understood, dynamical effects
related to the role of strangeness in few-nucleon systems.

4 Current activities

We are currently working on a joint analysis of the reac-
tions pp → ppK+K−, pn → dK+K− and pp → dK+K̄0

in order to separate different isospin fractions and in par-
ticular search for contributions from a0/f0(980) and K−p
FSI (observed in [16]). A measurement of the isoscalar
KK̄ production in the isospin selective reaction dd →
4HeK+K− has been performed in April 2006. In order
to suppress the huge background from breakup protons
the energy losses of the high momentum particles in the
forward detector have been included into the online trig-
ger. According to a first rough analysis we expect less than
100 dd → 4HeK+K− events in the data.

5 Summary

The total and differential cross section of the reaction
pp → dK+K̄0 have been determined at excess energies of
47.4 and 104.7 MeV. A partial wave decomposition shows
KK̄ s-wave dominance (”a+

0 -channel”).

The energy dependence φ production cross sections in
the reaction pp → ppφ and pn → dφ in an energy range
up to 80 MeV has been measured. Together with ω the
data show almost one order of magnitude enhancement of
Rφ/ω in comparison with the OZI-rule prediction.
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Academy of Sciences. The author is grateful to all colleagues,
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