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Abstract. Production of the doubly strange Ξ− hyperon, known as a cascade particle, has
been investigated in nuclear reactions in a wide energy range. However, only the results
for the energies above the threshold for cascade production in elementary collisions were
known for a long time. The �rst measurement of the subthreshold Ξ− production was per-
formed in heavy ion and nucleon-nucleus collisions by the HADES Collaboration. Because of
the discrepancy between data and various model predictions deeper studies of the strangeness
production, especially in elementary collisions near the threshold, are needed. In this paper
simulations of the cascade production in proton-proton reaction at the beam kinetic energy
of 4.5GeV are presented. The results are relevant for the experiment planned by HADES
with the upgraded setup during the FAIR-Phase0 project.

Keywords: cascade, strangeness production, transport models, HADES

1 Introduction

Fig. 1: The yield ratio Ξ−/(Λ + Σ0) as
a function of

√
sNN or

√
sNN −

√
sthr

(inset). Full dots � data measured by
HADES. (Figure from [12])

Processes of the strangeness production have been
the subject of interest of nuclear physicists for a long
time. Such studies are important for the investigations
of the nuclear equation-of-state (EoS), neutron stars
compositions or scattering processes in hot and dense
matter. Especially the multistrange particles production
yield, enhanced in nucleon-nucleus reactions in respect
to the nucleon-nucleon, is a sign of the phase transition
of the hadronic matter to the quark-gluon plasma state
(QGP).

Production of cascade � a doublystrange Ξ− hyperon
� was measured by di�erent experiments: in heavy ion
collisions at LHC [1,2], RHIC [3,4], SPS [5,6] and AGS
[7], in nucleon-nucleon collisions at LHC [8], in nucleon-
nucleus reactions at DESY [9] and SPS [10] and also
at lowest energy in HADES: Ar+KCl@1.76 AGeV [11]
and p+Nb@3.5 GeV [12] (experimental data shown in
the Fig. 1). The latter measurements have shown the en-
hanced Ξ− production with respect to the model predic-
tions (see Fig. 1). To describe the experimental data transport models are used [16,17,18,19,20].
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The cascade production in the HADES energy range was initially modeled as processes of
strangeness-exchange: K̄Y → πΞ, where Y = Λ,Σ [13]. However, the observed production of
cascade in p+Nb reactions questions this hypothesis.

The unexpected high production rate of cascade in the Ar+KCl experiment [11] seems to be
partially explained by adding an additional process to the UrQMD model � a hyperon-hyperon
scattering Y Y → NΞ [14,15], but the theoretical Ξ− abundance is still signi�cantly lower than
the experimental data. In the case of the p-Nb reaction di�erences between model predictions with
and without Y Y scattering is negligible [12]. Therefore, a new mechanism of cascade production
in the nucleon-nucleus interaction was proposed � subthreshold cascade production via high-mass
baryon resonances [21].

To resolve this so called "HADES puzzle", i.e. the cascade overproduction near the threshold,
and improve our knowledge about elementary processes responsible for the strangeness creation, it
is necessary to measure the Ξ− production in nucleon-nucleon collision in near-threshold energies.

In this letter result of simulations of the cascade production in elementary collisions: pp→ ΞK+K+p
at E = 4.5 GeV will be presented.

2 HADES detector

HADES (High Acceptance DiElectron Spectrometer) is a versatile magnetic spectrometer [22]. Its
main purpose is to detect dielectrons and hadrons in pion, proton and heavy-ion induced reactions.
Geometrically the detector is divided into six sectors placed symmetrically around the beam axis.
HADES consists of a Ring Imaging gas Cherenkov detector (RICH) for electron-hadron discrimi-
nation, a set of six superconducting coils producing a toroidal �eld, four sets of multiwire drift
chambers (MDC) � two before and two after the magnetic �eld serving as a tracking system, and
a multiplicity and electron trigger array consisting of: a time-of-�ight wall (TOF) and a RPC wall
and the new Electromagnetic Calorimeter (ECAL). Identi�cation of the charged particles � pions,
kaons and protons is achieved by combining time-of-�ight and energy loss measurements over a large
momentum range. The detector system covers 85% of the polar angle in the range from 18◦ to 85◦

with the momentum resolution ∆p
p ≈ 2− 4%.

The physics program of HADES is mostly focused on a studies of QCD matter phase diagramme
in the region of the high baryonic potential, the investigation of hadron properties in nuclei and in
the hot and dense hadronic matter.

2.1 Forward Detector

Currently the HADES detector is upgraded by the new and faster readout electronics (DAQ) and
the Forward Detector for tracking in very forward angles, which extends the angular coverage of
the detection setup to the forward angles θ ∈ [0.5◦�6.5◦]. A schematic picture of the upgraded
HADES is shown in Fig. 2.

The cascade decay in HADES is measured in a two step decay process: (1) Ξ− → Λπ−, (2)
Λ→ pπ−. As one knows from the kinematics protons produced in the Λ decay are emitted in very
forward angles (see Fig. 3). Therefore with the use of the currently operating HADES setup one
is able to reconstruct only about 9% of all possible protons and, in consequence, only very small
fraction of all cascade decays. To improve the count rate of the Ξ− it is necessary to detect also
the protons with scattering angles below θ < 18◦. As a solution the Forward Detector has been
proposed.
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Fig. 2: Scheme of the upgraded HADES setup together with the Forward Detector.

Ξ− → Λ→ pπ−

Fig. 3: Angular distribution of protons produced in the Λ decay, which is the second step of the cas-
cade decay. The angular acceptance of the HADES detector before upgrade and of the Forward
Detector is marked.

Forward Detector consists of two stations of Straw Tube Trackers (STS1 and STS2) for a precise
particles tracking [23] and a set of Resistive Plate Chambers (RPC) for time-of-�ight measurement.
Due to the fact that the Forward Detector is placed in the region with no magnetic �eld full PID
is not possible. Owing to this in the simulation scheme all charged particles detected in Forward
Detector are treated as protons (the mass of such particles is �xed as proton mass).

3 Simulations and signal reconstruction

The cascade production channel: pp → Ξ−K+K+p as well as the most contributing background
channels have been simulated with the use of the PLUTO Monte-Carlo event generator [24].
The simulated channels are listed in Tab. 1. The geometry and detector response have been simu-
lated with the use of GEANT3-based software considering the upgraded HADES setup.
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Table 1: List of the simulated reaction channels together with the cross-sections.

No. reaction cross-section [µb]

0. K+K+pΞ− 4.8
1. pp2π−2π+ 600
2. pΛK0

sπ
+ 100

3. pΛK+π+π− 30
4. nΛK0

s2π+ 30
5. pΣ0K0

sπ
+ 20

6. pp2K0
s 20

3.1 Steps of the analysis

The cascade is produced in pp reaction accompanied by two positive kaons and one proton. Ξ−

decays to the negative pion and the Λ ground state, which subsequently decays into proton and π−.
Detection of two negative pions in HADES and one charged particle in Forward Detector (treated
as a proton) is considered as a candidate for the Ξ− decay. In the �rst step the 4-momentum and
the decay vertex of the Λ hyperon (Λ → pπ−) are reconstructed by the combination of a nega-
tive pion detected in HADES (θ > 18◦) with a proton detected in Forward Detector (θ < 6.5◦).
Next, the same observables are calculated for Ξ− (Ξ− → Λπ−) obtained from the momentum
vectors of Λ reconstructed in the �rst step and another π− detected in HADES (not used in the Λ
reconstruction).

3.2 Topological cuts

Fig. 4: The topological cuts applied to
the cascade reconstruction.

During the analysis following topological cuts have been
applied to reduce background: (1) Minimum Tracks Dis-
tance for Λ decay vertex (MTD_L) � a value of the lower
distance between p and π− tracks: MTD_L < 25 mm; (2)
the z coordinate of the secondary vertex (VERTz_L); it
is an estimated Λ decay vertex calculated as the middle
point of the shortest section drawn between p and π−

tracks: VERTz_L ∈ [-20;300] mm; (3) Minimum Tracks
Distance for Ξ− decay vertex (MTD_X) � a value
of the lower distance between reconstructed Λ and π−

tracks: MTD_X < 20 mm. The cuts applied are pre-
sented in Fig. 4 together with the optimized values.

3.3 Results

The results of the analysis are presented in Fig. 5. The two steps are shown: the reconstruction of
the invariant mass of pπ− (left panel) and Λπ− (after a cut on Λ peak in pπ− invariant mass) (right
panel). As a signal (green solid line) events in the range of ±3σ from the peak position have been
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Fig. 5: Reconstructed signal of Λ (left panel) and cascade (right panel) � green solid line and sum
of the background reactions � red dotted line. Vertical lines � ±3σ of the invariant mass peak.

accepted. Red dotted line represents appropriately normalized sum of all considered background
reactions (see Tab. 1).

The count rate for the reaction of cascade production in pp scattering at E=4.5 GeV considering
the upgraded HADES setup (beam rate = 108 part/s, luminosity = 2·1031 cm−2s−1) was estimated
to 8.64·104 part/day.

4 Summary and outlook

The Ξ− production reaction has been simulated as well as the most probable background sources.
To reduce the background topological cuts have been de�ned and optimized. The calculated count
rate expected for the upcoming experiment shows, that one can expect su�cient statistics.

Currently hardware and software for the HADES upgrade are in preparation. The Forward De-
tector is under construction and the �rst in-beam test with full size protypes are scheduled for the be-
ginning of 2019. The upcoming measurements of heavy ion collisions and reactions with pion beams
will take place during the FAIR-Phase0 program. Finally, measurement of the proton-proton reac-
tion, investigated in this work, should lead us to the pioneering observation of the multistrangeness
production in elementary collisions.
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