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Abstract

At the COSY-11 installation, the total cross section for the reaction pp→ ppK+K− has

been determined at four excess energies below the Φ production threshold: ε = 6 MeV

(with very low statistics), 10 MeV, 17 MeV, and 28 MeV. To complete the COSY-11

study on the K+K− mesons, we propose to measure the pp→ ppK+K− reaction at

ε = 3 MeV and ε = 6 MeV in order to test the interaction in the four-body ppK+K−

system, which is expected to show up at ε lower than 10 MeV.

COSY–11 Results on the Reaction pp→ ppK+K−

As a demonstration of the feasibility to study the pp→ ppK+K− reaction, Figure 1 shows
the essential background free observation of the final state, where in the three missing mass
plots the raw data (left), the requirement of any hit in the K−-detector (center) and finally
the identified K− mesons are shown.
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Figure 1: From the raw data to the background free observation of the pp→ ppK+K− reaction.



Similar results were observed for all experiments at the above mentioned beam momenta.
In Figure 2 the cross section data measured by COSY-11 are presented and compared to
simple three body and four body phase space distributions, not including proton-proton
final state interactions, which should be done and will be discussed later.
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Figure 2: The four COSY-11 data points for the reaction pp → ppK+K− at ε = 6 MeV (with
a rather large uncertainty), 10 MeV, 17 MeV, and 28 MeV, compared to phase space
expectations without final state interaction.

The figure is predominantly meant to show the cross sections below the Φ production thresh-
old observed till now by the COSY-11 collaboration. However, without any sophisticated
analysis one sees that there is an interesting physics behind, since the data obviously follow
much more the three body phase space distribution rather than the four body one, in spite
of the four particle final state.

Physical Motivation

The detailed experimental studies of the reactions pp → ppη, pp → ppω, and pp → ppη ′

indicate three general features:

1. The total η, ω, and η′ production cross sections σ show similar dependences on the
excess energy, defined as ε =

√
s− 2mN −mX with s, mN , and mX being the squared

invariant collision energy and the nucleon and meson masses, respectively.

2. At 100 ≤ ε ≤ 1000 MeV the energy dependence of the total cross section is dominated
by the three–body phase space, i.e. σ ∝ ε2.

3. The deviation of the data from an ε2 dependence below 100 MeV arises mainly from
the interaction between the final state protons and additionally a small contribution
due to the final state interaction between proton and meson. The latter is clearly
visible in case of the pp→ ppη reaction.

The features listed above can be well illustrated by the data [1–7]. Exemplarily, figure 3a)
shows the data available for the pp→ ppη′ cross section as a function of the excess energy ε,
where the possible effect due to the pη′ final state interaction (FSI) is almost negligible [15].
The dashed line indicates the phase space dependence as σ ∝ ε2, which apart from the
normalization constant reproduces the data at ε > 100 MeV. The solid line shows calcula-
tions [8,9] without pp-FSI, which follow the phase space dependence. The dash-dotted line
in figure 3a) indicates the effect due to the pp-FSI.
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Figure 3: a) The pp → ppη′ cross section as a function of the excess energy. The data are from
[1–7], the dashed line shows the phase space ε2–dependence, the solid line indicates
calculations without FSI [8, 9], the dash-dotted line includes a parameterization of the
pp-FSI.
b) The pp → ppK+K− cross section. The data are taken from [10–13], the solid line
shows the calculations of [14], the dashed line indicates the phase space ε7/2–dependence,
whereas the dash-dotted line results from a parametrization of the pp-FSI.

In case of the four-body final state reaction pp→ ppK+K− the situation is somehow dif-
ferent. The final [10, 11] and very recent preliminary data by COSY–11 [13] as well as the
DISTO result [12] are shown in figure 3b). The deviation from the phase space predic-
tion normalized to the DISTO point indicates a much higher discrepancy close to threshold
for the KK data than for the data on the η′. For example at ε = 10 MeV, it is about
one order of magnitude in case of the η′ and almost two orders of magnitude in the case

Figure 4: a-b) The scattering diagrams for the reactions pp→ ppη ′ and pp→ ppK+K−.
c) The squared amplitude for the πN→ η ′N scattering as a function of the πN invariant
collision energy. The solid line shows a fit to a constant value.
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of the K+K− production. Also on the theoretical side, in contrast to the η, ω, and η ′

production, calculations [14] for the pp→ ppK+K− reaction substantially deviate from the
4–body phase space dependence given as ε7/2 and shown by the dashed line in Figure 3b).
In addition, a parametrization of the pp-FSI (dash-dotted line) is equally well describing
the data compared to the calculation, which does not include the proton-proton final state
interaction. The preliminary data by COSY-11 (black triangle at ε = 10 MeV) indicates in
addition with the low statistics feasibility test (black square) that there is an enhancement
at energies below 10 MeV. We will come back to this issue later again.
Let’s first concentrate on the energy dependence in the range of 10 < ε < 100 MeV. The non
trivial discrepancy to the pure phase space is understood by the authors of reference [14]
in terms of the scattering diagrams shown in Figure 4a) and Figure 4b), where the energy
dependences of the pp → ppη′ and pp→ ppK+K− cross sections are driven by the energy
dependences of the relevant scattering amplitudes.
The π0p → η′p, K−p → K−p, and K+p→ K+p scattering amplitudes squared |M|2 can be
evaluated from experimental data [6] on relevant cross sections via

dσ

d Ω
=

1

64 π2 s

q f
q i
|M|2, (1)

where s is the squared invariant energy of the interacting particles, while q i and q f are their
momenta in the initial and final states, respectively, taken in the center of mass system.
Figure 4c) shows the data [6] on the π−p → η′n and π+n → η′p amplitudes squared that
almost do not depend on the invariant πN collision energy and can be well fitted by a
constant value, shown by the solid line.

Figure 5: The K+p → K+p and K−p → K−p scattering amplitudes squared as a function of the
KN invariant collision energy.

In contrast, the K+p→ K+p and K−p→ K−p scattering amplitudes indicate a substantial
energy dependence, as illustrated by the two plots in Figure 5 and leading to the difference
to the pure phase space expectations.
For the excess energy region below 10 MeV, the cross section data seem to be enhanced
compared with the calculation [14] and the parametrization of the pp-FSI. Regarding the
low statistics at ε = 6 MeV of only two counts, it is necessary to have further data closer
to the threshold in order to prove this enhancement. In such a case, it will be necessary to
include the pp-FSI and the K−p interactions simultaneously to theoretical calculations in a
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rigorous way in order to eliminate the discrepancy below 10 MeV.
Additionally, the pp→ ppK+K− reaction allows to measure the K−p invariant mass spec-
trum. The differential cross section at low K−p masses can be strongly affected by the
Λ(1405) hyperon and/or by the K−p final state interaction. Therefore, it is important to
collect more data and to scan the K−p mass spectrum close to the threshold in order to
determine the K−p scattering length [16].
The role of the Λ(1405) hyperon in low energy K−p interaction is still in debate and most
significant theoretical progress was achieved only recently [17]. Unfortunately there is no
significant experimental progress and the data available close to the K−p threshold are very
scarce due to the lack of antikaon beams. A direct measurement of the low energy K−p
interaction can be done by analysing the ratio of the K−p and K+p invariant mass spectra.
Such an analysis will provide a clean separation of the final state interaction since due to
the ratio, the phase space dependence cancels out.
Motivated by the items above, it is proposed to increase the statistics at ε = 6 MeV and
to add another last data point at ε = 3 MeV since for both energies an increase of the
cross section above presently available predictions is very likely, but its degree has to be
determined.

Beam time request

In order to finish the COSY-11 project to determine the energy dependence of the total
cross section in pp→ ppK+K− close to threshold, we would like to take final data at two
energy settings of ε–values of 6 MeV (remeasurement) and 3 MeV.
For these two excitation energies the total acceptance is 5% and 10% and the cross sections
should be in the order of 0.5 nb and 0.1 nb, respectively. Presently the standard luminosity
at COSY-11 is in the order of 5× 1030 cm−2s−1.
Altogether, we expect 11 identified events/day at a cross section of 0.5 nb and 4 events/day
for 0.1 nb. Aiming for 60 events at each momentum setting we would like to ask for:
7 days at ε = 6 MeV and 16 days at ε = 3 MeV, including 1 day for each energy for COSY,
target, and COSY-11 setup optimization. We would like to be granted for three weeks of
beam time at COSY-11 to finalise the low energy pp→ ppK+K− programme.

Acknowledgements

We gratefully acknowledge stimulating discussions with A. Sibirtsev in preparation of this
beam time request and especially his enthusiasm and contribution in providing further
theoretical motivation for K+K− production studies close to threshold.

References:

[1] F. Hibou et al., Phys. Lett. B 438, 41 (1998).

[2] P. Moskal et al., Phys. Rev. Lett. 80, 3202 (1998), [nucl-ex/9803002].

[3] P. Moskal et al., Phys. Lett. B 474, 416 (2000), [nucl-ex/0001001].

[4] P. Moskal et al., Phys. Lett. B 482, 356 (2000), [nucl-ex/0004006].

[5] F. Balestra et al., Phys. Lett. B 491, 29 (2000), [nucl-ex/0008017].

5



[6] A. Baldini, V. Flaminio, W. G. Moorhead, D. R. O. Morrison and E. . Schopper,
H., Total cross-sections for reactions of high-energy particles, Landolt-Börnstein, New
Series Vol. I/12 (Springer, Berlin, 1988).

[7] A. Khoukaz et al., Eur. Phys. J. A 20, 345 (2004), [nucl-ex/0401011].

[8] A. Sibirtsev and W. Cassing, Eur. Phys. J. A 2, 333 (1998), [nucl-th/9806022].

[9] V. Baru et al., Eur. Phys. J. A 6, 445 (1999).

[10] M. Wolke, Schwellennahe assoziierte Strangeness-Erzeugung in der Reaktion
pp → ppK+K− am Experiment COSY-11, Dissertation, Westfälische Wilhelms-
Universität Münster, 1997, IKP Jül-3532.

[11] C. Quentmeier et al., Phys. Lett. B 515, 276 (2001), [nucl-ex/0103001].

[12] F. Balestra et al., Phys. Rev. C 63, 024004 (2001), [nucl-ex/0011009].

[13] P. Winter, Dissertation in preperation, University of Bonn.

[14] A. Sibirtsev, W. Cassing and C. M. Ko, Z. Phys. A 358, 101 (1997), [nucl-th/9612040].

[15] P. Moskal, M. Wolke, A. Khoukaz and W. Oelert, Prog. Part. Nucl. Phys. 49, 1 (2002),
[hep-ph/0208002].

[16] A. Sibirtsev et al., nucl-th/0406061, Phys. Lett. B, in press.

[17] D. Jido, J. A. Oller, E. Oset, A. Ramos and U. G. Meissner, Nucl. Phys. A 725, 181
(2003), [nucl-th/0303062].

6


