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Hypernuclear production cross sections have been deduced for the first time with induced reaction of 
heavy ion beam on fixed target and by means of the invariant mass method by the HypHI Collaboration
exploiting the reaction of 6Li + 12C at 2 A GeV or √sN N = 2.70 GeV. A production cross section of 
3.9 ± 1.4 μb for 3

�H and of 3.1 ± 1.0 μb for 4
�H respectively in the projectile rapidity region was inferred 

as well as the total production cross section of the � hyperon was measured and found to be equal to 
1.7 ±0.8 mb. A global fit based on a Bayesian approach was performed in order to include and propagate 
statistical and systematic uncertainties. Production ratios of 3

�H/ 4
�H, 3

�H/� and 4
�H/� were included in 

the inference procedure. The strangeness population factors S3 and S4 of 3
�H and 4

�H respectively were 
extracted. In addition, the multiplicities of the � hyperon, 3

�H, and 4
�H together with the rapidity and 

transversal momentum density distributions of the observed hypernuclei were extracted and reported.
© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license 

(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.
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1. Introduction

Reactions between complex nuclei have been a powerful tool 
to investigate subatomic structures as well as chemical proper-
ties of nuclear matter. In relativistic heavy ion collisions, the gen-
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eral feature of the reaction is well described by the participant-
spectator concept [1]: the participant nucleons in the overlap re-
gion between the two colliding nuclei enter in collision, while 
the spectator nucleons in the non-overlapping regions pass by 
each other without interacting. Many hadrons are produced in the 
hot participant zone, and widely distributed between the target 
and projectile rapidities [2,3]. Hadrons from this hot participant 
zone may interact with the spectators and can be captured by 
the spectator fragments [4,5]. The spectator fragments or produced 
hadrons can be excited to unstable particles and later decay to 
their ground states by emitting particles and/or γ -rays.

Laying the nucleon–nucleon � threshold at 1.58 GeV [6,7], 
the wide rapidity distribution of produced �-hyperons can over-
lap with those of the projectile and the target spectators. Thus, 
the �-hyperon can be combined to a spectator fragment, and a 
�-hypernucleus can be produced in projectile or target rapidity 
regions [8]. The experimental viability of the hypernuclear spec-
troscopy is assessed by the order of magnitude of the produc-
tion cross section. Additionally, their production cross section is 
a crucial physical observable which can provide more global un-
derstanding of the heavy ion collisions involving both participants 
and spectators at intermediate energies.

The first attempt to produce hypernuclei in the projectile rapid-
ity regime was made with 16O beams at 2.1 A GeV on a polyethy-
lene target [9] estimating a hypernuclear cross section of the order 
of μb. Later, in the reaction of a beam of 4He at 3.7 A GeV and 7Li 
at 3.0 A GeV on a polyethylene target the cross section of 4

�H of 
0.4 μb was estimated [10,11]. Those first experimental estimations 
of the production cross section do not agree on the magnitude 
of the cross sections, and a clear conclusion could not be stated 
due to the small number of light hypernuclei observed in both 
cases. Those rough estimations were then compared with the the-
oretical calculations within a simple coalescence model [8,12–14]. 
However, the identification of produced hypernuclei was ambigu-
ous since the invariant mass of the final states was not mea-
sured. Subsequently, central collisions of platinum projectiles at 
11.5 A GeV/c on a gold target were used to produce and identify 
3
�H (hypertriton) and to estimate the upper limit for the observa-
tion of 4

�H hypernuclei [15]. Recently, the STAR Collaboration used 
gold–gold collisions at 

√
sN N = 200 GeV to study hypertriton and 

anti-hypertriton [16,17], followed by the observation of the ALICE 
Collaboration of those both hypernuclei in the lead–lead collisions 
at 

√
sN N = 2.76 TeV [18,19]. Those experiments observed hyper-

nuclei in the mid-rapidity region and in ultra-relativistic heavy ion 
collisions, where the hypernuclei are formed by sudden hadroniza-
tion at the chemical freeze-out. Therefore they provide information 
on the production mechanism in the hot participant zone that is 
described theoretically by statistical hadronization models [20,21].

The hypernuclear production at intermediate energy has also 
been studied theoretically in addition to the statistical models of 
the ultra-relativistic energy, by employing a phase space coales-
cence model [22,23] and Fermi-break up of excited hypernuclear 
spectators [24]. Yet the extremely scarce experimental data cur-
rently available do not restrain those models. One has to also 
notice that first theoretical work from [8,12–14] and updated cal-
culations [22–24] differ by order of magnitude on the prediction 
of the hypernuclear production cross sections.

Recently, the HypHI Collaboration has observed the production 
of light hypernuclei, 3

�H and 4
�H in a reaction with 6Li projec-

tiles impinging on a graphite (natC) target [25]. The production 
cross section of 3

�H and 4
�H should provide information on the 

production mechanism of hypernuclear spectators since hypernu-
clear matter is expected to stem from the participant and specta-
tor regions. Performing hypernuclear spectroscopy in the spectator 
region has also an advantage of a better observation efficiency 
Fig. 1. Layout of the experimental setup.

compared to the heavy ion experiment studying the mid-rapidity 
region. During the data collection, over 3.5 integrated days, the fi-
nal estimation of the integrated luminosity is 0.054 pb−1, in which 
several hundreds of hypernuclei were observed. We have deduced 
the cross section of 3

�H and 4
�H for the first time with unique 

identification of those hypernuclei produced by 6Li projectiles.
In this Letter, we provide the information on the cross section 

of these hypernuclei, together with the � production cross section 
and the yield ratio of the different species. The strangeness popula-
tion factors S3 and S4 are reported. The multiplicity per collision of 
those species and the observed hypernuclear rapidity in the center-
of-mass system, y0 = y/yCM − 1, and transversal momentum, Pt , 
density distribution are also presented.

2. Experimental apparatus

The experiment was performed with 6Li projectiles at 2 A GeV
with an intensity of 3 × 106 ions per second bombarding on a 
graphite (natC) target with a thickness of 8.84 g/cm2. As discussed 
in [25], the experimental apparatus, shown in Fig. 1, consisted of 
three tracking stations of scintillating fiber detector arrays (TR0, 
TR1, TR2) and two drift chambers (BDC, SDC) for the displaced 
vertex measurement. As well, three scintillating hodoscope walls 
(TOF+, TFW, ALADiN TOF) were appended to the tracking systems for 
tracking, energy loss and time-of-flight measurements of charged 
particles across a large acceptance dipole magnet. The tracking sys-
tem for vertexing was placed in front of the dipole magnet around 
the expected decay volume of hypernuclei, while the SDC drift 
chamber was mounted behind the magnet. Two detached detec-
tion branches consisting of TOF+ and TFW & ALADiN TOF hodoscope 
walls were situated behind the magnet as such to measure sepa-
rately positively and negatively charged particles, respectively.

At the trigger level, the event topology was selected in order 
to record potential events containing a Helium isotope and a π−
stemming from a displaced vertex. The displaced vertex trigger 
used the information of TR0, TR1 and TR2 fiber detector arrays that 
were placed around the decay volume of hypernuclei and � hy-
perons. The Helium isotope trigger used the time-over-threshold 
measurement of the energy loss from the TOF+ hodoscope wall 
dedicated solely for the positively-charge particles and fragments. 
The π− trigger involved the hit detection on the TFW hodoscope 
wall dedicated exclusively for π− detection behind the dipole 
magnet. This topological combination at hardware level was ex-
ploited in order to cope with the large difference of magnitude 
between the hypernuclear production cross section and the total 
reaction cross section. During the trigger design, a difference of 
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seven order of magnitude was considered, which was confirmed 
by the cross section and multiplicity estimations reported later in 
this Letter.

The particle identification was based on the track reconstruc-
tion across the magnet, the measurements of the time-of-flight, 
and the energy deposit with the hodoscope walls. The four-vectors 
of the detected particles and fragments were then deduced. The 
invariant mass of the final states of interest was calculated and 
a lifetime estimation was inferred from the observed decay vertex 
position after the decay vertex finding. Invariant mass distributions 
and the estimated lifetime values of �, 3

�H and 4
�H were discussed 

in [25,26].

3. Hypernuclear cross section inferences

A global fit of the respective extracted yields was achieved in 
order to infer the cross sections of �, 3

�H, and 4
�H. The extracted 

raw yields without efficiency and acceptance corrections were al-
ready reported in [25]. The global fit was performed by means of 
a Bayesian approach based on the software framework BAT [27]. 
Within the BAT framework, the comparison between the data set −→
D and the model M, composed of the parameters of interest −→

λ

and of nuisance −→ν , assesses the complete posterior probability dis-
tribution of −→λ from the Bayes’ Theorem:

P (λi|−→D) ∼
∫

L(
−→
D|−→λ,

−→ν) π(
−→
λ,

−→ν) d−→νd
−→
λi �= j (1)

The posterior probability distributions are numerically calcu-
lated by Monte Carlo sampling: the Markov Chain Monte Carlo 
method of Metropolis-Hastings algorithm [28] implemented by the 
BAT framework [27]. In our case the parameters of interest are the 
cross sections, σ̂i , of �, 3

�H, and 4
�H and the yield ratio, ˆRatioi/ j , 

such as 3
�H/ 4

�H, 3
�H/�, and 4

�H/�. By definition, the additional 
parameters of the likelihood model, presented later on, are consid-
ered as the nuisance parameters. The likelihood function used to 
calculate the marginalized posterior distribution functions of each 
parameter of interest was defined by:

L =
∏

i

N (N̂i, Nobsi ,σ
2
Nobsi

)

×
∏

i j

W(R̂i j, Nobsi ,σ
2
Nobsi

, Nobs j ,σ
2
Nobs j

) (2)

where Nobs and σNobs correspond to the mean value and the 1-σ
standard deviation of the estimated yield of the specie indexed by 
i, as reported in [25] and in Table 1. They constitute the data set −→D . 
The probability density functions, N and W , represent respectively 
the Gaussian distribution, and the ratio of two correlated normal 
random variables described in [29]. They model the cross sections 
and the yield ratios respectively to compare the nested estimators 
N̂i and R̂i j to the data set.

The nested estimator N̂i is the yield obtained from the cross 
section estimator σ̂i of the species of interest, �, 3

�H, 4
�H. The 

yield estimator N̂i is defined as follows:

N̂i = σ̂i · BRi · Eff i · Trigi ·L (3)

in which BR, Eff , Trig and L correspond to the branching ratio, 
the reconstruction and acceptance efficiency, the trigger system ef-
ficiency and the total integrated luminosity in μb−1, respectively. 
Each of those parameters was considered and included into the 
likelihood function (2) as nuisance parameters modeled by dif-
ferent probability density functions in order to account for the 
systematic uncertainties and correlations of those parameters. The 
Table 1
Summary of the parameter set used as input to the combined fit of the production 
cross section of the species �, 3

�H, 4
�H, and of the yield ratios 3

�H/ 4
�H, 3

�H/�, 
4
�H/�. The observable Nobs and σNobs are extracted from the published results of 
the study of �, 3

�H, 4
�H signals [25]. The branching ratio of � is obtained from [30]

while the branching ratio of 3
�H and 4

�H are extracted from [31] and [32,33].

� 3
�H 4

�H

Nobs 280 154 123
σNobs 63 49 33
Branching ratio π−/all 0.642 0.640 0.735
Branching ratio 2-body π−/all π− 1 0.379 0.690
Monte Carlo acceptance correction 0.142 1 1
TOF+ trigger efficiency 0.097 0.990 0.990
TOF+ trigger efficiency uncertainty 0.01 0.09 0.09
Secondary vertex trigger efficiency 0.51
Vertex trigger efficiency uncertainty 0.05
Luminosity 0.054 pb−1

Luminosity uncertainty 0.0011 pb−1

used branching ratio values are reported in Table 1 with their re-
spective references.

The acceptance and reconstruction efficiency of �, 3
�H and 4

�H 
species as a function of their decay length in the laboratory frame 
were used to correct the kinematics dependency of the measured 
yields within the experimental acceptance. In the case of � hy-
peron, its total production cross section was intended to be esti-
mated since UrQMD theoretical calculations [34,35] are considered 
to model the � phase space reasonably [36–42]. Therefore, the 
phase space dependence within the experimental acceptance and 
reconstruction efficiency is first corrected, then the missing pro-
portion of the � hyperon phase space is also corrected by the 
obtained value reported in Table 1 as Monte Carlo acceptance cor-
rection. In the case of 3

�H and 4
�H species, the acceptance and re-

construction acceptance is only corrected within the experimental 
acceptance since there is no validated theoretical models. There-
fore, their production cross section is model independent, and in 
Table 1 a factor of 1 for their Monte Carlo acceptance correction is 
denoted.

Fig. 2 shows the acceptance and reconstruction efficiency as a 
function of the decay length in the laboratory frame and as func-
tion of the rapidity and Pt for � hyperon and 3

�H and 4
�H on 

the left and right panels respectively. The difference in the phase 
space distributions of the species of interests are fully included 
in the acceptance and reconstruction efficiency as a function of 
the decay length in the laboratory frame. In the inference of the 
cross sections and yield ratios, the acceptance and efficiency cor-
rection were applied via their decay length dependency in order 
to account for the lifetime estimation uncertainties. Those uncer-
tainties were modeled by the lifetime probability density functions 
calculated from the likelihood functions obtained during lifetime 
extraction reported in [25].

The trigger efficiency combined the TOF+ trigger and the sec-
ondary vertex trigger efficiency. The TOF+ trigger efficiency was 
obtained by comparing the measured yields of isotopes detected 
by the TOF+ hodoscope wall between the minimum bias trigger 
and the hypernuclear accepted trigger. The low TOF+ trigger effi-
ciency for � hyperons reflects the specificity of trigger system that 
aimed to enhance the hypernuclear signal that includes a Helium 
isotope as decay fragment from others produced topologies like the 
� hyperon event. A systematic uncertainty was associated to the 
efficiency deviations when different parts of the data set were ana-
lyzed. The vertex trigger efficiency is the combination of the Monte 
Carlo simulation results of the trigger efficiency and the trigger 
rate study performed during the data taking. The trigger suppres-
sion rate of the vertex trigger setting was measured during the 
experiment. With the results of the Monte Carlo design study of 
vertex trigger, an extrapolation to the effective vertex trigger effi-
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Fig. 2. (Color online.) Acceptance and reconstruction efficiency correction as a func-
tion of the decay length in the laboratory frame obtained via Monte Carlo simula-
tions for � is shown in panel (a), and for the 3

�H and 4
�H hypernuclei are shown 

in panels (b) in black dot and open square respectively. The acceptance and re-
construction efficiency as functions of the kinetic variables y0 and Pt for � and 
the hypernuclear case are shown in panel (c) and (d) respectively. The open boxes 
shown in panel (c) and (d) represent to the phase space probed to estimate the 
efficiency as a function of y0 and Pt .

ciency was then deduced. A systematic uncertainty was associated 
to this extrapolation and the estimation procedure. Each trigger 
efficiency is modeled by a Gaussian density function to incorpo-
rate the systematic uncertainties of those efficiency estimations. 
The estimated parameters for the trigger efficiencies are reported 
in Table 1.

The total integrated luminosity was estimated with the help of 
the scaler detectors used to monitor the spill intensity over the 
data-taking period. Additionally, the integrated luminosity uncer-
tainty is included in the calculation. The integrated luminosity and 
the estimation uncertainty are reported in Table 1.

The second nested estimator R̂i j is defined as follows:

R̂ i j = ˆRatioi/ j · BRi · Eff i · Trigi

BR j · Eff j · Trig j
(4)

where ˆRatioi/ j corresponds to the yield ratio such as: 3
�H/ 4

�H, 
3
�H/�, and 4

�H/�.
The marginalized posterior distributions of the parameters of 

interest are then calculated. The prior functions used for the pa-
rameters of interest were uniform priors. The summary of the 
values extracted from the posterior distribution functions is pre-
sented in Table 2. It includes the expected value and the standard 
deviation of those posterior distributions. In addition, the contribu-
tion from the systematic uncertainties of the efficiency corrections 
and luminosity estimations are also reported. The sensitivity of the 
interval estimation to the choice of prior distribution was also in-
vestigated and reported in the last column of Table 2.

4. Results and discussion

4.1. Cross sections and yield ratios

With the methods and procedures described above, the cross 
section values for �, 3

�H and 4
�H were deduced to be respectively 

0.3 ±0.1 (stat+sys+prior) mb, 3.9 ±1.4 (stat+sys+prior) μb and 
Table 2
Summary of the estimations of the parameters of interest such as the cross sections 
and the yield ratios. 〈x〉 and σstat correspond to the expected value and the statis-
tical standard deviation of the posterior probability density function. σsys and σprior

stand for the systematic uncertainties and the prior sensitivity uncertainties.

〈x〉 σstat σsys σprior

�tot (mb) 1.7 ± 0.7 (stat) ± 0.4 (sys) ± 0.2 (prior)

�obs (mb) 0.3 ± 0.1 (stat) ± 0.06 (sys) ± 0.03 (prior)
3
�H (μb) 3.9 ± 1.3 (stat) ± 0.3 (sys) ± 0.3 (prior)
4
�H (μb) 3.1 ± 1.0 (stat) ± 0.3 (sys) ± 0.1 (prior)
3
�H/ 4

�H 1.4 ± 0.7 (stat) ± 0.1 (sys) ± 0.2 (prior)
3
�H/� (×10−3) 2.6 ± 1.4 (stat) ± 0.3 (sys) ± 0.2 (prior)
4
�H/� (×10−3) 2.1 ± 1.1 (stat) ± 0.1 (sys) ± 0.2 (prior)

3.1 ±1.0 (stat+sys+prior) μb within the experimental acceptance 
(y0 > 0.32 or ylab > 1.20 as visible in Fig. 2). The reported 1-σ
standard deviation will correspond to the combination of the sta-
tistical, systematic and prior uncertainties of Table 2. The deduced 
hypernuclear cross section values are restricted to the projectile 
rapidity region within the experimental acceptance. The total �
cross section was estimated to be 1.7 ± 0.8 mb, with the correc-
tion of phase space acceptance of the UrQMD model calculation as 
explained in Section 3.

The inferred total cross section of � can be compared to pub-
lished experimental estimations. Thanks to the Glauber model cal-
culation [43–45], an estimation of the � total cross section for 
the 6Li + 12C reaction can be obtained from the proton–proton 
cross section at the excess energy of 204 MeV and 239 MeV mea-
sured by the COSY-TOF Collaboration [46]. The deduced value is 
1.5 ± 0.1 mb, which within errors agrees with our measured total 
production cross section of � hyperon. Cross section values of 3

�H 
and 4

�H are of the order of μb, similar to the values calculated by 
Gaitanos et al. [22].

The yield ratio 3
�H/ 4

�H of 1.4 ± 0.8 was also inferred and can 
be compared to the theoretical estimation value of 4.3 obtained 
by Botvina et al. [24]. While the experimental and theoretical es-
timation are close, additional consideration in the theoretical cal-
culations of Botvina et al. will be necessary in order to reproduce 
the experimental inference. The ratio of cross section values for 
3
�H and 4

�H with respect to that for � is (2.6 ± 1.4) × 10−3 and 
(2.1 ± 1.1) × 10−3, respectively. Yet no theoretical prediction of 
those ratios are available for direct comparison.

Additionally the double ratios S3 = 3
�H/3He · p/� and S4 =

4
�H/4He · p/� so-called Strangeness Population Factor [15,16,47]
were determined. From a set of 5 × 105 reconstructed minimum 
bias events, the yield ratios p/3He and p/4He were evaluated with 
efficiency and acceptance corrected to be 19.1 ± 0.5 and 5.7 ± 0.1
respectively. Therefore within the phase space acceptance of the 
experiment, S3 and S4 were estimated to be 0.28 ± 0.14 and 
0.08 ± 0.04 respectively. Those estimations can be compared to 
the ones of [15] and show a good agreement. The trend of the 
theoretical calculation on the ratio S3 [47] can be extrapolated to √

sN N = 2.70 GeV and shows a fair agreement with the obtained 
value. The implications of those new available values have to be 
theoretically assessed.

4.2. Multiplicities, rapidity and Pt distributions

The multiplicity of hypernuclei per collision was also calculated 
considering a total reaction cross section of 667 ± 33 mb. The to-
tal reaction cross section was evaluated with the help of Glauber 
model calculations [43–45] assuming the inelastic pp cross section 
of 27 ± 1 mb at the kinetic energy of 2.0 GeV [48]. The total �
multiplicity per collision is then of 2.6 ± 1.2 × 10−3, and the mul-
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Fig. 3. (Color online.) Multiplicity distribution as a function of the rapidity ob-
servable y0 and of the transversal momentum Pt in the center-of-mass system 
for 3

�H in panel (a), 4
�H in panel (b), respectively. In panels (c) and (d) the pro-

jected rapidity distributions of the data set 3
�H and 4

�H respectively are shown 
in black full circle together with extracted signal contribution Smodel (open box), 
the background-only distribution from the mixed event analysis Bmodel (open cir-
cle) and the signal-plus-background model BSmodel (dash box representing the 1-σ
standard deviation interval). Panels (e), (f) and (g), (h) show the rapidity and Pt
distribution of extracted 3

�H and 4
�H signal, respectively.

tiplicities of the 3
�H and 4

�H hypernuclei are 5.8 ± 2.1 × 10−6, and 
4.6 ± 1.6 × 10−6, respectively.

The multiplicity distributions of 3
�H and 4

�H signal as a function 
of the rapidity in the center-of-mass system, y0, and transversal 
momentum, Pt , are then shown in top panels of Fig. 3. The hy-
pernuclear signal was extracted from the experimental data set 
and the mixed event data set of y0 − Pt observables. The bins 
size of data sets were 40 MeV/c in Pt and 0.02 and 0.03 unit of 
y0 for 3

�H and 4
�H respectively. For each bin, the signal contribu-

tion was estimated by a maximum likelihood ratio method from 
the background contribution (mixed event) and the signal-plus-
background contribution (experimental data). For each extracted 
signal distribution shown in Fig. 3, the acceptance and reconstruc-
tion efficiency dependency were corrected as function of the Pt
since the y0 dependency is fairly uniform within the experimental 
acceptance as shown in the panel (d) of Fig. 2.

The panels (c) and (d) of Fig. 3 show the projected rapid-
ity distribution of the data set with the following distributions: 
the extracted signal (Smodel), the background-only model from 
the mixed event analysis (Bmodel) and the signal-plus-background 
contribution (SBmodel). The last four panels of Fig. 3, show the 
projected rapidity y0 and Pt distribution of the extracted signal 
for 3

�H and 4
�H hypernuclei on the left- and right-hand side, re-

spectively. The mean value and standard deviation of the rapidity 
distribution of 3

�H and 4
�H are respectively 〈y0〉 = 0.98 ± 0.01, 

σy0 = 0.06 ± 0.01 and 〈y0〉 = 1.00 ± 0.01, σy0 = 0.07 ± 0.01. One 
can remark that the experimental rapidity distribution 3

�H and 4
�H 

falls within the Monte Carlo experimental acceptance shown in 
Fig. 2. Moreover the multiplicity density decrease in the rapidity 
region [0.8; 0.9] shown in the 3

�H and 4
�H rapidity distribution 

represents a physical upper limit since it is still within the ex-
perimental acceptance.

5. Conclusion

Those experimental estimations of the production cross section 
for � hyperon, 3

�H and 4
�H hypernuclei and the respective yield 

ratio 3
�H/ 4

�H, 3
�H/� and 4

�H/�, will allow to restrain several the-
oretical parameters of the hyper-matter production models in the 
projectile rapidity region for the first time. The important theo-
retical parameters describing the hyper-matter production are the 
coalescence factor [22,49], the spectator excitation energy [24] and 
temperature [23]. Moreover the dynamics of the reaction [22,4,5]
or the time window of interaction between the participant and 
spectators [50,51] depends strongly on those yield ratios and hy-
pernuclear production cross section. Until now, those current theo-
retical models do not use the experimental data as validation since 
no experimental data were available. The transport models for the 
hyper-matter dynamics will be constrained by the reported multi-
plicities, rapidity and Pt distributions. Indeed the rapidity and Pt
distributions of 3

�H and 4
�H hypernuclei are sensitive to their dy-

namical formation and therefore of the pre-equilibrium phase of 
the collision. It will allow better theoretical predictions of the hy-
pernuclear production in other collisions and at different energies 
that will happen in the future facilities such as FAIR, NICA or J-
PARC.

In conclusion, the estimations of the production cross section 
of 3

�H and 4
�H of 3.9 ± 1.4 μb and 3.1 ± 1.0 μb respectively in 

the projectile rapidity region were performed by a combined fit 
based on a Bayesian approach. Additionally the total production 
cross section of 1.7 ± 0.8 mb for � hyperon was estimated during 
the combined inference. Production ratios of 3

�H/ 4
�H, 3

�H/� and 
4
�H/� of 1.4 ± 0.8, 2.6 ± 1.4 × 10−3 and 2.1 ± 1.1 × 10−3 respec-
tively were also deduced. The factors S3 and S4 of 0.28 ± 0.14 and 
0.08 ± 0.04 respectively were as well determined. The total multi-
plicity per collision of 2.6 ±1.2 ×10−3 for � hyperon was inferred, 
while the hypernuclear multiplicity in the projectile rapidity re-
gion of 5.8 ± 2.1 × 10−6 and 4.6 ± 1.6 × 10−6 for respectively 3

�H 
and 4

�H. Those cross section estimations will validate theoretical 
models of the production of hypernuclear matter in heavy ion col-
lisions. It will allow to obtain a more precise description of the 
reaction mechanism and of the dynamics between the participant 
and spectator region.
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