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The reaction pp → pK0π+Λ, measured at ANKE at a beam
momentum of pp = 3.65GeV/c, allows for the production of
a pentaquark Θ+ (1540). Recent negative results on the Θ+,
mostly obtained at higher energies, have put the existence of
the pentaquark under scrutiny. It has been shown, however,
that the production of Θ+ is strongly suppressed compared to
the Λ(1520) at higher energies [1], therefore hadronic exper-
iments at lower energies become crucial to reveal fate of the
pentaquark. The search of the Θ+ decaying into the pK0 sys-
tem in the reaction pp → Θ+π+Λ was the main motivation
of the analysis made.
The reaction at ANKE has been identified by detecting four
particles simultaneously, the π+ coming from the reaction
vertex, the proton from vertex/Θ+ decay, and the products of
the Λ decay: proton and π−. Besides individual particle iden-
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Fig. 1: Mass scatter plot: invariant mass of π−p versus miss-
ing mass of π+π−pp.

tification, the final state is fixed by the missing mass tech-
nique. As it is seen in Fig. 1, a clear enhancement in the scat-
ter plot corresponds to the masses of K0 and Λ in the missing
mass of four detected particles and the missing mass of π−p,
respectively. Unfortunately, a sizable background remains af-
ter cuts on masses are made, and this background is removed
by the side band subtraction method.
For normalisation of the data the reaction pp → pK+Λ has
been used. This reaction was measured simultaneously dur-
ing the experiment. Again all four particles in the final state
have been detected. Such normalisation procedure, when the
reaction with known cross section [2, 3] and nearly the same
final state is measured allows to get rid of most of the system-
atic uncertainties connected with particle identification and
detector efficiencies.
The missing mass distribution m(π+Λ), presented in Fig. 2,
is the one where the signal from the pentaquark is expected
to appear. A combined fit with the sum of resonant and non-
resonant channels obtained from the Monte Carlo simula-
tions has been performed (the solid line in Fig. 2), and the
hatched area shows a signal produced by the Θ+. As one can
see, there is only a moderate agreement between experimen-
tal data and the simulations. While at the high mass part of
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Fig. 2: Missing mass spectrum of π+Λ system. The hatched
area shows the result of Monte Carlo simulations cor-
responding to the production of Θ+. The solid line is
the sum of resonant and non resonant contributions.

the spectrum the agreement is nice, an obvious excess of ex-
perimental events is observed around 1.47GeV/c2. Such an
enhancement may be connected with the production of some
resonance at an intermediate stage of the reaction. Candi-
dates for this are e.g. K∗(892), ∆++, N∗(1650) or N∗(1710),
and Σ(1385). Analysis of these possibilities is ongoing.
The number of events in the missing mass of π+Λ amounts
to 50±30 events, which can be treated as an upper limit for
possible Θ+ production and corresponds to the cross section
of

σΘ+π+Λ = 0.17±0.10µb,

which is close to the theoretical expectations of less than 1µb
at this energy [4]. The total cross section for the reaction
pp → pK0π+Λ including resonant and non-resonant chan-
nels is

σpK0π+Λ = 1.33±0.14µb.

The errors given are statistical only. The value for the to-
tal cross section agrees nicely with the calculations made in
Ref. [3]. Although both resonant and non-resonant produc-
tion cross sections are supported by theory, the discrepancy
in the low π+Λ missing mass region has yet to be understood.
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