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Hypernuclei produced in heavy-ion collisions offer exciting oportunities to explore various aspects
of dense nuclear matter and to study the properties of rare hypernuclei in great detail. In the CBM
energy range hypernuclei production rates are expected to have a maximum, which makes CBM,
together with the high interaction rates and its advanced detector design, the perfect environment
for these measurements. In this study the CBM reconstruction performance of hypernuclei in the
3-body decay channels is investigated.
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Under the extreme conditions of relativistic heavy-ion collisions hypernuclei are created
with large abundancies. Their measurements open exciting perspectives to explore the Hyperon-
Nucleon(YN)- /Hyperon-Hyperon(YY)- interactions and to gain insights into the equation of state
(EoS) of hadronic matter at high density and low temperature, which is very important for the under-
standing of the inner structure of neutron stars. Measurements will also allow to study hypernuclei
properties like e.g. their lifetimes or binding energies which are not yet conclusively determined.
Of particular interest is also their production mechanism.

For the theoretical description of cluster and hypercluster production in heavy-ion collisions two
approaches are well established: thermal models [1] and coalescence models [2]. In contrast to the
static determination in these models, the PHQMD (Parton-Hadron-Quantum-Molecular-Dynamics)
[3] approach allows to simulate a dynamical formation of clusters. The microscopic n-body trans-
port model describes the potential interactions between baryons on the basis of QMD (Quantum
Molecular Dynamics) which propagates n-body correlations in phase space. This leads to the forma-
tion of stable clusters due to the attractive potentials between baryons. The clusters are recognized
by the MST (Minimum Spanning Tree) [4] algorithm. All other components of PHQMD, includ-
ing the collisions between hadrons, the treatment of the quark-gluon-plasma (QGP) phase and the
propagation ofmesons are adopted from the PHSD (Parton-Hadron-String-Dynamics) approach [5].

The Compressed Baryonic Matter (CBM) experiment [6] at the future Facility for Anti-Proton
and Ion Research (FAIR) in Darmstadt offers the ideal conditions to explore the production of
hypernuclei. The excitation function of hypernuclei production is predicted to exhibit a maximum
in the FAIR energy range [1]. In combination with the foreseen high interaction rates of up to 10
MHz, an exceptionally high statistics of hypernuclei will be collected and even very rare double
hypernuclei like 6

ΛΛ
He with an expected yield of approximately 10−7/event in the CBM range are

expected with sizeable statistics. The CBM detector design allows a clean identification and precise
measurement of the hypernuclei lifetimes, branching ratios, binding energies, spectra and flow.
Even the search for new hypernuclei or charmed nuclei like 4

�
He might be within reach.

For the evaluation of the CBM performance with respect to hypernuclei measurements the re-
construction in the 3-body decay channels is especially important as it is assumed that the rare 6

ΛΛ
He

can decay into three daughters. In this performance study the 3
Λ
H 3-body-decay 3

Λ
� → ? + c− + 3

(BR: 40.1 % [7]), which is abundant enough to provide robust results, was studied in detail. The
reconstruction of the rapidity spectrum as well as a lifetime measurement were performed and the
systematic uncertainties were studied. In addition, an improvement of the reconstruction of 5

Λ
He by

using information provided by the Transition Radiation Detector (TRD) was explored.

For this study 106 central Au + Au collisions at
√
B## = 4.93 GeV were simulated with two

models, PHQMD and UrQMD [8]. The left panel of Fig. 1 shows a Gaussian-shaped hypertriton
rapidity spectrum simulated with PHQMD. The H-distributions for hypernuclei are experimentally
unknown though, which means there is no robust measurement beyond midrapidity giving a clear
picture of the shape of the spectra for the energy range which is probed here. The H-distributions, as
well as the ?) -distributions, affect the number of reconstructable particles depending on the detec-
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tor acceptance. To analyse the effects of different phase-space distributions on the reconstruction
efficiency and signal-to-background ratio, a second dataset was produced. In this experiment-based
dataset the H- and ?) -distributions for hypernuclei were taken from experimental light nuclei distri-
butions to account for the fact that the hypernuclei production is a convolution of the production of
nuclei and hyperons. The rapidity distribution of nuclei at this energy as observed in the E864 ex-
periment [9] follows a double Gaussian shape [10] with two maxima at around target and projectile
rapidities and a minimum at midrapidity (see Fig. 1 (right)). The hypernuclei signals with experi-
mental phase-space distribution were embedded into UrQMD events for this second simulation. In
addition, deuterons and tritions were added to mimic a realistic background. The multiplicities for
all embedded particles were taken from thermal model calculations [1] and extrapolated to the full
4c-range1. A background-dataset was produced in addition and the two datasets (with and without
signal) were scaled accordingly. The simulated events were transported through the CBM detector
setup with CbmRoot; for the identification of the daughter particles the TOF-(<//)2 measurement
was used and the reconstruction of the short-lived mothers was performed with the PFSimple pack-
age [11], a software which is based on the KF Particle Finder [12].
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Figure 1: H-spectrum for 3
Λ
� simulated with PHQMD (left) and for thermal model multiplicities with an

experimental triton H-distribution shape (right).

The following contributions are expected to lead to systematic uncertainties: the unknown
shape of hypertriton H- and ?) -distributions, the applied topological cuts for the reconstruction as
well as the invariant mass cuts (2, 3 or 4 f) and the fit functions used to extrapolate the ?) -spectra
to unmeasured regions. Here two different fit functions are probed: a blast-wave model [13]

1
2c?)

32#
3?) 3H

∝
∫ '
0 A · 3A · <) · �0( ?) ·sinh d

)
) ×  1(<) ·cosh d

)
)

with the transverse rapidity d = tanh−1 V where <V> is the transverse flow velocity, having a linear
profile V = V0(A/') with the transverse size ' of the fireball at the kinetic freeze-out, as well as
with the kinetic freeze-out temperature ) , and a Boltzmann function 3#

3?)
∝ ?) · 4−

<)
) .

From Fig. 2 can be followed that the estimated 3#/3H is significantly higher when it is calcu-
lated using a Boltzmann fit compared to the blast-wave fit for the given H-bin; themaximum 3#/3?)
for the latter is approximately 0.8 compared to 3#/3?) of approximately0.7 for the blast-wave fit.

1Yields from thermal model calculations are for the range for |H | < 0.5 [1].
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Figure 2: Reconstructed ?) -spectrum fitted with a blast-wave function and a Boltzmann function for the
3
Λ
H 3-body-decay (branching ratio = 40.1 %), shown here for the rapidity range 0.2 < y < 0. 4.

The reconstructed 3#/3H spectrum for the PHQMD dataset including the estimated uncertainty is
shown in Fig. 3 (left). Deviations due to different topological cut sets and mass cuts as well as
due to the different fit methods contribute to the systematic uncertainty. For most bins the total
systematic uncertainty is approximately 10% with a maximum of 12.6%; the main contribution
comes from the fit variations with an uncertainty of approximately 6 % for most bins. The lifetime
measurement is depicted in Fig. 3 (right). The efficiency-corrected decay length distributions are
shown for different combinations of cut sets, mass cuts, fit methods and simulated datasets. The
lifetimes g, which are estimated on the basis of an exponential fit 3#

32C
= � · 4−2C · 1

2g with !
VW
= 2C,

range from 212 to 235 ps; the average g over all variations is 220 ps. The measurement slightly
underestimates the simulated lifetime of g = 237 ps which represents the global average [14]. This
might be caused by the decreasing efficiencies for longer decay lengths as seen in simulations. A
possible improvement will be explored by restricting the fits to shorter decay lengths. The total
systematic uncertainty is 6.7 %. The statistical uncertainty is found to be 11.7 % for 106 events
only; for the first year of data taking the uncertainty can be extrapolated to fBC0C = ±0.17 ps.

Probing of the reconstruction of 5
Λ
He is not only important because 5

Λ
He itself is an interesting

and not yet comprehensively measured particle, but also because it is a daughter of the double-
hypernuclei 6

ΛΛ
He. For the reconstruction of 5

Λ
He, the separation of deuteron and 4He is crucial in

order to separate 5
Λ
He→ 4He + p + c− from 3

Λ
H→ d + p + c . This separation is not feasible with

the TOF-detector alone as deuteron and 4He have the same </@ ratio, but can be accomplished
with the TRD by exploiting the measured specific energy loss of the particles. Figure 4 (left) shows
the PID probabilities based on the TRD-<3�/3G> for a selected momentum window depending on
TRD-<3�/3G>: the probability for a track to be a deuteron is highest for low 3�/3G, but is exceeded
by the probability to be a 4He for 3�/3G > 10 keV/cm. To identify a reconstructed particle, either the
particle-species with the highest probability for the given 3�/3G value can be selected or a track is
assumed to be a certain particle, if the probability reaches a selected minimum value for this species.
The probabilities are either calculated with the likelyhood method or total probabilities assuming
MC-multiplicities are used. In Fig. 4 (middle) it can be seen that the TOF-4He identification (blue
line) can get improved with the TRD (red line) by suppressing deuterons by a factor of 100; the
green line represents the correctly identified 4He and the yellow line stands for the MC-particles.
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Figure 3: Reconstructed rapidity spectrum (left) and decay length distribution 2C (right) for the 3
Λ
H 3-body-

decay (branching ratio = 40.1 %).

The impact on the reconstructed 5
Λ
He mass spectrum can be seen in Fig. 4 (right). It has to be noted

that the input events contain one 5
Λ
He/event without a realistic scaling of the background, which

requires a much higher number of events to be simulated; only 0.003 5
Λ
He/event are expected and

the measured decay has an assumed branching ratio of �' = 32.3% [14]. Nevertheless, it can be
shown that with the TRD the background can be suppressed and that, with the different settings
of the TRD2, the background suppression can be tuned to either increase the efficiency or the
signal-to-background ratio. Given that - with a realistic background - the signal will be downscaled
by a factor of approximately 104, the background suppression with the TRD will be crucial. In a
next step, this study will be performed with a larger dataset to allow for a scaling of the background
and to realize a more realistic estimation of the 5

Λ
He mass spectrum to be measured with CBM.
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Figure 4: Particle probabilities depending on TRD <3�/3G> for the momentum range of 11.2 GeV/c <
?'�� < 22.4 GeV/c (left), 4He mass spectrum (middle) reconstructed with the TOF (blue) and the TRD (red)
and reconstructed 5

Λ
He mass spectrum with different TRD PID settings for events containing one 5

Λ
He/event

(right).

2TRD settings for the identification of 4He shown in Fig. 4 (right): trd simple: <3�/3G> > 25 keV / cm2; trd A: total
probability > set value; trd B: maximum probability from likelyhood method.
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