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A high statistics measurement of the ~pp → pK+Λ reaction was done with the COSY-TOF experiment.

The proton beam was polarized up to more than 80%, and its momentum was 2.95 GeV/c. The reconstruction
of the pK+Λ events was done only with the straw tube tracker due to the higher spatial resolution of the straw
tube tracker compared to other subdetectors. The Dalitz plot of the pK+Λ events was analyzed to understand
the reaction mechanism and presented in this paper. The Dalitz plot shows that the COSY-TOF experiment
provides complete kinematic coverage of the phase space of this reaction which made it ideal for ~pp → pK+Λ
reaction analysis. The in�uence of di�erent physical e�ects as pΛ �nal state interaction, excited nucleon states
(N∗-resonances) and a coupled channel e�ect of NΣ-pΛ (NΣ cusp e�ect) produce signi�cant structures in the Dalitz
plot. The angular distribution of the particles in the CMS and helicity frame was also presented in this paper.
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1. Introduction

Hyperons studies are interesting since there are strange
quarks in the structure of these particles. The strange quark
does not exist as constituent in the nucleon structure. In or-
der to understand their properties, hyperons are produced in
high energy physics experiments. Nucleon-nucleon reaction of
~pp → pK+Λ is one of the fundamental reaction to study the
Λ-hyperon. Since there is no strangeness at the initial state of
the reaction, it is possible to understand how the strangeness
is created and how it decays.
Di�erent ~pp → pK+Λ measurements have been done with

polarized and unpolarized proton beams at di�erent momenta
from 2.7 to 3.3 GeV/c in the COSY-TOF experiment [1�
4]. The COSY-TOF is an ideal detector to measure the
~pp → pK+Λ reaction. The large acceptance of the detector
in addition to the outstanding tracking capability and high
resolution of the straw tube tracker allows a complete mea-
surement of the pK+Λ �nal states. The COSY-TOF detector
kinematically covers the full phase space of the ~pp → pK+Λ
reaction and hence, the analysis of the Dalitz plot over the
full phase space gets possible. Therefore, di�erent e�ects in-
volved in this reaction mechanism such as excited nucleon res-
onances (N∗), NΣ-pΛ coupled channel e�ect called NΣ cusp
and the hyperon�nucleon �nal state interaction (FSI) close to
the threshold of the reaction can be analyzed.

2. Experimental setup

The COSY-TOF detector is one of the external experiment
at the Jülich COoler SYnchrotron COSY. The straw tube
tracker (STT) is the main tracker in the COSY-TOF detec-
tor which has been installed about 30 cm behind the target.
It consists of 2704 straw tubes organized in 13 double layers
with three orientations with 60◦ to each other for 3D track
reconstruction. The new measurement with the COSY-TOF
detector presented here are done with high statistics and a po-
larized proton beam at 2.95 GeV/c momentum to study the
~pp → pK+Λ reaction mechanism. The reconstruction of the
pK+Λ �nal states was done only with the straw tube tracker,
since the momentum resolution of the reconstructed primary
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particles with the STT alone is better than that from the
time of �ight analysis [3]. The pK+Λ event can be uniquely
determined by the event geometry in the absence of time of
�ight information. Using the direction of the measured par-
ticles, the Λ decay vertex and the masses of all particles a
kinematic �t is performed on the events to reduce the back-
ground which is mainly due to the ~pp → pK+Σ0 → pK+Λγ
reaction. The average beam polarization of (87.5±2.0)% was
determined for this measurement using the pp elastic scatter-
ing events analysis.

3. Analysis and results

The pK+Λ events were analyzed to determine di�erent
physical observables in the reaction such as the Dalitz plot
and angular distributions. The behavior of these observables
is discussed in this paper.
The Dalitz plot is a useful tool to understand the reaction

mechanism for reactions with three or more particles in the
�nal state. The Dalitz plot in m2

pΛ vs. m2
KΛ is more suitable

for the analysis of the ~pp → pK+Λ reaction since di�erent
physical e�ects are predicted in {pΛ} and {KΛ} subsystems.
The Dalitz plot from measured pK+Λ events at the excess

energy ε = 204 MeV is shown in Fig. 1. The plot was corrected
for the detector acceptance and reconstruction e�ciency of
about 20% determined by comparing the reconstructed and
generated phase space distribution of the Monte Carlo simu-
lation.
The resolution of the pΛ invariant mass was obtained to

be σ ≈ 1.0 MeV/c2. This high resolution of the pΛ invariant
mass is mainly due to the performance of the high resolu-
tion straw tube tracker in the COSY-TOF detector which
improved the mass resolution by a factor of ≈3 compared to
the previous setup of the COSY-TOF detector without the
STT [5]. The Dalitz plot distribution shows that the COSY-
TOF detector covers the complete kinematically allowed re-
gion of the ~pp → pK+Λ reaction. The Dalitz plot of the
data deviates from homogeneity, so that signi�cant enhance-
ments are seen on the left side and in the center of the Dalitz
plot. The strong enhancement at the center of the Dalitz
plot is due to the so-called cusp e�ect which is seen in the
{pΛ} subsystem. There are two NΣ cusp e�ects, a cusp at
the pΣ0 threshold (4.54 GeV2/c4) and another cusp at the
nΣ+ threshold (4.53 GeV2/c4). The di�erence of these two
cusp thresholds is about 1.98 MeV/c2 which cannot be sep-
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Fig. 1. Dalitz plot distribution and its projections for
the measured pK+Λ events at the excess energy ε =
204 MeV as a function of m2

pΛ and m2
KΛ. The measured

Dalitz plot clearly deviates from an isotropic distribu-
tion. The colored lines shows di�erent e�ects involved
in the reaction.

arated with the available statistics even with invariant mass
resolution of about 1 MeV/c2. Another strong enhancement
is seen on the left side of the Dalitz plot due to the pΛ �-
nal state interaction at low pΛ invariant masses. Further-
more, the N∗(1650), N∗(1710) and N∗(1720) resonances in
the {KΛ} subsystem in�uence the Dalitz plot distribution.
However, they are not seen as narrow structures in the Dalitz
plot distribution due to their large width of about 100 MeV.

The angular distribution of the primary particles in the
CMS is shown in Fig. 2 (left). All three distributions are
corrected for the detector acceptance and reconstruction e�-
ciency. The angular distribution of the particles in the CMS is
symmetric around zero as predicted, since the particles in the
entrance channel are identical. However, there is also some
asymmetric behavior especially in the forward and backward
direction which is due to the incomplete description of the de-
tector at small angles in the Monte Carlo simulation. In the
low energy region it is a good approximation to describe the
angular distribution of the scattered particles by the Legen-
dre polynomials Pl(cos θ) up to second order which was �t to
the distributions.

The angular distributions of the primary particles in the
CMS are not directly related to the di�erent contributions
to the reaction mechanism. This can be seen in the helicity
angular distributions of cos θKp in the {pΛ} and {KΛ} rest
frames and for cos θΛp in the {pK} rest frame. The helic-
ity distributions are shown in Fig. 2 (right) and corrected for
the detector acceptance and reconstruction e�ciency shown
below the angular distributions. The physical e�ects in the
reaction mechanism distort the isotropic behavior of the he-
licity angular distributions. The in�uence of resonances de-
caying into the {KΛ} subsystem introduces an enhancement

at cos θRpΛ
Kp = −1 in the {pΛ} rest frame and at the cen-

ter of the {pK} rest frame. The pΛ �nal state interaction is

also seen as a strong enhancement at cos θRKΛ
Kp = −1 in the

Fig. 2. Angular distributions of the primary particles
in the CMS (left) and helicity frame (right) for the se-
lected pK+Λ events. The detector acceptance and re-
construction e�ciency distribution is shown below each
angular distribution. The red lines in left plot show
Legendre polynomial �ts to the distributions.

{KΛ} rest frame and cos θRpK
Λp = 1 in the {pK} rest frame.

The NΣ cusp e�ect did not introduce any enhancement in
the helicity angular distribution. This is due to the dominant
S-wave contribution in the angular distribution of the cusp
e�ect [2, 6].
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