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Abstract We extend the theoretical approach which
includes the dynamical and statistical stages for the descrip-
tion of the nucleosynthesis in central collisions of relativistic
ions. Previously, this approach was successfully applied to
describe experimental data on both normal nuclei and single
strange hypernuclei production in the GSI and RHIC-BES
energy range. We predict the multiplicities of double strange
hypernuclei up to ‘i‘ H and further intermediate mass nuclei
up to ®Be for Au+Au central collisions at JSnn =3 GeV,
recently explored by the STAR experiments. These nuclei
can be identified by the measurement of the correlated parti-
cles coming after their decay. Such observations are a crucial
test for the nucleosynthesis mechanism.

1 Introduction

The production of novel nuclei (including heavy and exotic
ones) has always been an important and interesting topic in
nuclear reactions. Typically, such processes include the inter-
actions of multiple particles. A well known example of such
a collective process is the compound nucleus formation and
its subsequent decay [1—4], which takes place at low ener-
gies (i.e., essentially lower than the nuclear binding energy).
The compound nucleus concept was very successful for the
description of a large body of reactions (see, e.g., Refs. [5,6]
and references therein). Later on, a new collective process
was established by studying the multifragmentation reac-
tions: If a considerable amount of energy is deposited in the
nucleus (more than 2-3 MeV per nucleon) such nuclear sys-
tem can expand up to some freeze-out volume, and there the
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nuclei can be separated from uniform nuclear matter [5-8].
This concept was confirmed with experimental and theoreti-
cal studies, and the parameters of the freeze-out volume were
evaluated (see, e.g., reviews [5,6] and references in). Such a
process takes place at subnuclear densities from 0.1 to 0.3 py
(po ~ 0.15 fm=3 being the ground state nuclear density).
The temperatures of such systems are in the range from 5 to
8 MeV. These nuclear matter parameters correspond to the
coexistence region in the nuclear liquid—gas type phase tran-
sition [9-12]. Such matter at subnuclear density is the most
suitable place for the formation of nuclei involving collective
reactions of many nucleons: Because, (1) at higher densities
the formed nuclear clusters are destroyed by the interactions
with other nucleons during the matter’s expansion, (2) at
lower densities the collective nucleation processes are sup-
pressed by too large distances between the nucleons. This
reaction picture is consistent with state-of-the-art dynami-
cal calculations describing the fragment formation also (see,
e.g., Refs. [13-15]).

In the previous statistical description of the multifragmen-
tation usually a single freeze-out source was considered in a
single reaction event. For example, the source can be asso-
ciated with highly excited projectile and target residues in
peripheral nucleus-nucleus collisions [5]. In this case the rel-
ativistic ion collisions open new possibilities to obtain hyper-
nuclei, including multi-strange and exotic nuclei [16-18],
which are more difficult to produce in other reactions.

During recent years central collisions of relativistic nuclei
have been recognized an as important reaction channel lead-
ing to the production of novel (exotic) nuclei. A great variety
of light complex nuclei can be formed in central heavy-ion
reactions [19]. These studies were extended by involving the
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production of both normal nuclei and hypernuclei, including
exotic nuclear species [20-28]. Especially, the nucleosynthe-
sis of hypernuclei can be studied in these processes in great
detail. This opens a complementary route to better under-
stand the nucleosynthesis in the early Universe. It is com-
monly accepted that light nuclei are mostly formed on later
stages of the reaction from baryons which are primary pro-
duced [14,15,19,21,23,29-32]. Although other production
mechanisms, like a direct thermal production, have been con-
sidered [24,25].

Recently we have proposed and validated a theoretical
approach to explain the collective processes leading to the
event-by-event production of a large variety of new nuclei in
central nucleus collisions: We used the concept of local equi-
librium with the formation of several statistical sources in a
single reaction event [33-35]. The comparison with exper-
imental data was very convincing [33,34]. In addition, we
have shown that the STAR experimental data on nuclei and
hypernuclei production can also be described in the same
way [35]. In this paper we continue our investigation with
the STAR central collisions of Au+Au at /syny =3 GeV.
We will demonstrate that besides normal and single strange
hypernuclei many double strange hypernuclei can also be
produced in this case. Also, further exotic and short-lived
nuclei are predicted. Their experimental identification in the
experiment will provide important information on the prop-
erties of hypermatter formed by the baryons produced during
the initial dynamical stage.

2 Initialization of baryons for the formation of nuclei in
low-density matter

The most practical way to describe these reactions is its
subdivision into the two stages of different concept: (1)
The dynamical interaction of incident nucleons and hadrons
inside the nuclear matter leading to the formation of equi-
librated nuclear systems, (2) the statistical fragmentation of
such systems into individual nuclear fragments with the de-
excitation of the hot fragments since they usually include
excited states. Various transport models are currently used
for the description of the dynamical stage of this reaction
by involving binary hadron-hadron collisions at high ener-
gies. They take into account the individual particle interac-
tions including the influence of the surrounding matter, the
secondary interactions, and the decay of hadron resonances
(e.g. [36,37]). In this case the final particle distribution in the
end of the dynamical part preserves important correlations
between hadrons originating from the interactions in each
event, which are ignored when we consider the final inclu-
sive particle spectra only. Within these kinetic models it was
established that many particles participate in these processes
by the intensive rescattering leading to the final particle dis-
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tributions which may look similar to statistical distributions
with phase space domination. For example, in peripheral col-
lisions the produced high energy particles leave the system
and the remaining (spectator) nucleons form an excited sys-
tem, a so called residue. We may expect that this system
evolves toward a state which is mostly determined by the sta-
tistical properties of the excited nuclear matter. The system
then expands by both a thermal pressure and the initial lon-
gitudinal motion to a low density and its multifragmentation
leads to the production of various new (hyper-)nuclei (see,
e.g., [5,29,30,38]). If the excitation energy of the residues is
too low to enter the freeze-out state, then the nuclei forma-
tion proceeds via a compound nucleus [5]. In the case when
hyperons are captured by the residues, the final hypernuclei
are produced as a result of the residue’s decay [17,18,39—41].

In central nucleus-nucleus collisions another physical pic-
ture can be realized: There are practically no spectator nucle-
ons, and all produced baryons have a considerable kinetic
energy. After the dynamical stage of the collision the sys-
tem rapidly expands. At a time around ~20—40 fm/c the
baryon composition of this matter is established. During the
expansion process some of the baryons may be located in the
vicinity of each other with local subnuclear densities around
~0.1po (po = 0.15 fm~3 being the ground state nuclear den-
sity). This nuclear matter density corresponds to the coexis-
tence region in the nuclear liquid—gas type phase transition,
and it is the proper place of the synthesis of new nuclei: The
remaining attraction between baryons in the diluted matter
can then lead to the formation of complex fragments. In the
dynamical consideration one can describe the formation of
such fragments as a capture of baryons in the mutual inter-
action of neighbour particles. The formation process can be
simulated as baryon attraction using potentials within the
transport models [14,15,31]. This description may be very
complicated within the transport approaches. Also the phe-
nomenological coalescence models [22,32,41-43] have been
used. In our paper we consider this process in the statistical
way, by including into the formation of nuclei only baryons
which are in the phase space vicinity. As we have demon-
strated recently [33,34], the clusterization processes can be
effectively described as the statistical formation of nuclei
in the low density matter in local chemical equilibrium. We
expect that such nucleation processes will mostly produce the
light nuclei. In the midrapidity kinematic region we expect
a substantial production of hyperons, and subsequent hyper-
nuclei production by hyperon capture.

To describe the dynamical reaction part we use the trans-
port model UrQMD [37,44], which is adapted for these reac-
tions. UrQMD is quite successful in the description of a large
body of experimental data on particle production [45,46]. In
the present UrQMD calculation we have assumed the same
in-matter potentials for both nucleons and hyperons after
their production. We have verified that this simplification
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has a minor effect for the baryons distributions considered
in our subsequent calculations of their clusterization. The
produced particles can be located at various rapidities, how-
ever, the main part is concentrated in the midrapidity region.
After a time of 2040 fm/c the strong interactions leading
to the new particle formation cease and the system start to
decouple. Such kind of a freeze-out is general for the trans-
port approaches [47]. In this time-moment we consider the
relative space positions and velocities of the baryons. We
select the nuclear clusters according to the coordinates and
velocities proximity, as was suggested in Refs. [33,41], and
we call it clusterization of baryons (CB). More details on the
current UrQMD calculations for Au+Au collisions at /sy
=3 GeV and the following CB procedure is provided in Ref.
[35]. Here we refrain from a full reiteration and mention
only the most important CB parameter, v, which determine
the maximum relative velocity of baryons inside the clusters
respective to its center of mass velocity. As was established
previously [33,34] v, is within the range of 0.1¢ — 0.25¢
(that is consistent with the Fermi motion). This parameter is
mainly responsible for the cluster size and its excitation.
The main goal of our paper is to investigate the pro-
duction of double hypernuclei and other very rare nuclear
species, which depends essentially on the phase space occu-
pied by baryons. Therefore, in addition to UrQMD, we intro-
duce another method to simulate the baryon velocity dis-
tributions after the initial reaction stage. Since the nuclear
system expands after the collision in all directions it is pos-
sible to use a simplified phenomenological approach for the
first reaction stage, in order to investigate the fragmenta-
tion mechanisms in detail. Here we use the phase space gen-
eration (PSG) method, in which we simulate an expanded
nuclear matter state with stochastically distributed baryons:
This is the isotropic generation of all baryons of the excited
nuclear system according to a microcanonical momentum
phase space distribution, with total momentum and energy
conservation, corresponding to the one-particle approxima-
tion. It is assumed that all particles are in a large volume (at
subnuclear densities) where they can still interact with oth-
ers to populate the phase space uniformly. Technically, this
is done using the Monte-Carlo method applied previously
in the microcanonical SMM and Fermi-break-up model [5],
and taking into account the relativistic effects according to
the relativistic connection between momentum p, mass m,
and kinetic energy of particles Ey, see Eq. (1). In Eq. (1) the
sum is over all particles and we use units with i = ¢ = 1.

S pemt=Eo+Y m. (1)

The total kinetic energy available for the motion of baryons
Ey (the source energy) is the main parameter which can be
adjusted to describe the energy accumulated in the system
after the dynamical stage. We have checked that the PSG

generated phase space distributions provide a reasonable
assumption for the initial stage of the clusterization. Note,
that this generation leads to the equilibrium over one-particle
degrees of freedom, and it is not an equilibrium with respect
to the nucleation process, i.e., it is not a global chemical
equilibrium for all baryons in the system. In the PSG case
we assume that the coordinates of the baryons are propor-
tional to their velocities and strictly correlate with them as
taking place in many explosive processes with strong radial
flow.

The main challenge in using the PSG is the correct esti-
mate of the baryon content and the kinetic energy of the
baryons in the system. At low (non-relativistic) beam ener-
gies, it would be equal to the total number of nucleons times
the center of mass energy of the colliding nuclei, in cen-
tral collisions. However, at relativistic energies many new
hadrons are produced and the corresponding energy part
should be subtracted, since this part is not participating in
the nucleation process. To estimate this energy fraction we
use the results obtained by the UrQMD calculations. Then
in central Au+Au collisions at \/syy =3 GeV we have in
average 3.2 produced A hyperons per event, and the average
center-of-mass kinetic energy is 366 MeV per baryon. For
this reason we take the £y = 366 Ag MeV for the PSG calcu-
lations, with Ag = 394 including 3 As, here Ag denotes the
total number of baryons considered.

In Fig. 1 we show the distributions of protons and Lambda
hyperons after the UrQMD simulations in central Au + Au
collisions (impact parameters » < 3 fm) at ,/syn =3 GeV
center-of-mass energy. We show all nucleons and produced
hyperons at the cut-off time + = 20 fm/c, i.e., after the
first hadron interaction inside the nuclei. We have checked
that using later times changes our final results only slightly
because the interaction rate is rapidly decreasing (see also
discussion in Ref. [35]). However, since the baryon coordi-
nates may also be important for the cluster selection after
UrQMD, in Figs. 2 and 4 we’ll present the comparison of 20
fm/c and 40 fm/c cut-off times.

Alsoin Fig. 1 the corresponding PSG calculations are pre-
sented. Both UrQMD and PSG produce rather broad rapidity
and transverse momentum distributions. However, the parti-
cle rapidities after PSG are more concentrated around midra-
pidity (especially for hyperons, since their masses are larger)
than in the UrQMD simulations. This difference is due to the
dynamical transparency, present in UrQMD since some fast
nucleons after rescattering can go through the nuclear mat-
ter and interact later with the secondary hadrons to produce
hyperons. This effect does not exist in the phase space sim-
ulation with PSG. Such a difference in baryon distributions
gives us an opportunity to evaluate the effect of the uncer-
tainty of the initial baryon production on the final production
of nuclei.
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Fig. 1 Total proton and A distributions (per event) after UrQMD
(impact parameters b < 3 fm) and PSG calculations of central gold col-
lisions at center-of-mass energy of ,/syn =3 GeV. Top panel a rapidity
distributions. Bottom panel b transverse momenta distributions in the
rapidity range |y| < 0.5

3 Excited clusters at subnuclear density

In both scenarios (UrQMD and PSG) we subdivide the
diluted nuclear matter into multiple clusters with the CB pro-
cedure [33,34,41]. Since baryons move relative to each other
inside the clusters these clusters present pieces of excited
nuclear matter. The selected clusters have a baryon density
around p. ~ % po: It was established in the previous studies of
the statistical multifragmentation process [5,12,48-53] that
such a density is typical, as a consequence of the liquid—gas
type phase transition, for the fragmentation of matter at a low
density freeze-out. The excitation energy of such clusters is
calculated according to the method given in Refs. [33,34].
In the PSG case we have additionally taken into account the
source energy (Ep) and momentum conservation in the sys-
tem by adjusting these excitation energies. The following
evolution of the clusters, including the formation of nuclei
from the baryons, is now described in a statistical way. In our
model this is described as the decay of hot clusters into light
nuclei. For the description of this process we employ the Sta-
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Fig. 2 Comparison of distributions of local nuclear clusters (per event)
formed after UrQMD dynamically produced baryons, and PSG statis-
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coordinate proximity. Top panel a mass distributions of the cluster with
the velocity parameter v, = 0.22¢. Bottom panel b average excitation
energy of the clusters versus their mass number. The cut-oft times for
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tistical Multifragmentation Model (SMM) which describes
the production of normal nuclei very well, and use its general-
ization to the hypernuclear case (see Refs. [5,29,30,38,39]).

The results of the selection of the baryonic clusters within
CB are shown in Fig. 2 after UrQMD and PSG. We see that
the cluster yields decrease nearly power-law like with their
masses, and it is similar to a normal coalescence-like pro-
cess. However, contrary to the coalescence, in our approach
these clusters are excited nuclear systems in local chemical
equilibrium. From the side of the statistical theory, our con-
sideration of the nucleation in separate clusters at local equi-
librium leads to another description of this physical process
than the description under assumption of the global chemical
equilibrium. The last case was mostly applied previously for
the prediction of hypernuclei in central relativistic ion colli-
sions, see, e.g., Refs. [24,25]. The important characteristic is
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the excitation energy of these clusters, which are presented
in the bottom panel. Here we have used the previously estab-
lished velocity parameter v, = 0.22c. As discussed in Ref.
[35], the heavier clusters can be formed with larger v.’s. How-
ever, a large v, leads also to a high excitation energy, since
the relative velocity spread of the baryons inside the cluster
is higher. A slight time dependence of the cluster sizes for
UrQMD is expected: It is obvious that the larger coordinate
distances at later times between baryons decrease slightly the
production of heavy clusters because of the increased spatial
separation. One can see that the PSG leads to larger yields of
massive clusters, and this is a very important effect related to
the phase space population of the initial baryons. In UrQMD,
the initial nucleons are separated from each other in the coor-
dinate space in the very beginning, and after hadron-hadron
collisions during the dynamical stage this separation is still
preserved and influences the hot cluster selection. Therefore,
the clusters in UrQMD are usually smaller than in PSG case,
where we assume a direct correlation between the velocities
and the coordinates of the nucleons. However, the excitation
energies of the clusters remain very similar for all cases and
depend mainly on v, (see [34,35]).

The kinematic characteristics of the primary excited clus-
ters (rapidity and transverse momenta in the center-of-mass
system) are depicted in Fig. 3, for v, = 0.22¢. To evaluate
the mass effect we have considered 3 groups of clusters with
mass numbers A equal to 2, 4, and 8. One can see that all
distributions are quite broad because of the wide momentum
distribution of the initial baryons in both UrQMD and PSG
cases. The yields of massive clusters are low, that is consistent
with Fig. 2. Still there is a difference between UrQMD and
PSG: The rapidity distributions of massive clusters (see A=8)
in the UrQMD case can be partly enhanced because even in
central collisions few spectator-like nucleons may still prop-
agate through the matter without considerable loses of their
kinetic energy. Such an effect increases the yields of the pri-
mary clusters towards the projectile and target rapidities. This
spectator baryon fraction should be larger in peripheral col-
lisions, which are analyzed in Refs. [16-18,41,47].

4 Production of unstable nuclei and hypernuclei

For further detailed information about the production of
new normal nuclei after the decay of such excited clus-
ters we refer to Refs. [33,34]. For example, the products of
the cluster decay will preserve the kinematic characteristics
(per nucleon) corresponding to the dynamically produced
baryons. The isotope production can be explained by assum-
ing the local chemical equilibrium. Many new exotic nuclei
can be formed, and the specific correlations of hadrons are the
best way to distinguish this reaction mechanism from normal
coalescence or direct thermal production. Let us now address
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Fig. 3 Yield distributions (per event) of the excited baryon clusters
with mass numbers A =2, A =4, and A = 8 Top panel a the rapidity (y
intervals of 0.2), bottom panel b the transverse momentum per nucleon
(pr /A intervals of 0.2 GeV/c). The calculations are UrQMD+CB (full
symbols) and PSG+CB (full symbols, impact parameters b < 3 fm)
and PSG+CB (empty symbols)

a very interesting phenomenon of the formation of short-
lived nuclear states and hypernuclei which can be observed
in experiments mainly via measuring particle correlations.
We make a new suggestion concerning information which
can be extracted from the extensive STAR experiment of
Au + Au central collisions at ./syy =3 GeV. In Ref. [35] we
have demonstrated that the fragment production in these cen-
tral collisions can be described within our hybrid approach,
including the rapidity and transverse momentum distribu-
tions.

In Fig. 4 we show the final state yields of selected
light nuclei and hypernuclei (normalized per event) obtained
in central collisions. For the UrQMD case the analyzed
impact parameters b < 3 fm does usually correspond
to the experimental selection of central events. We com-
pare the cold nuclei after the formation and decay chain
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Fig. 4 Comparison of the calculations of final nuclei production
including UrQMD (black symbols, impact parameters » < 3 fm) and
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(CB) and de-excitation of these clusters (SMM). The STAR experi-
mental data in central collisions (red symbols) are presented too. Top
panel a total yields of normal nuclei. Bottom panel b total yields of
hypernuclei in central collisions. Notations for nuclei, and the used
UrQMD time and v, parameters are shown in the panels

UrQMD+CB+SMM and PSG+CB+SMM calculations. For
convenience we show also the published STAR experimen-
tal data [27,54]. As previously established, one generally
reaches a good description of the data for normal fragments
with the mass numbers range A = 2—4 by using for UrQMD
the velocity parameter v, = 0.22¢, which corresponds to the
hot cluster excitation energies around 10 MeV per nucleon
(see Fig. 2 and the discussion in Ref. [35]). For PSG case this
parameter can be lower since the primary baryon clusters are
bigger. However, both parameter sets are consistent with the
parameter values extracted from the analyses of FOPI exper-
imental data [33,34].

The yields manifest the expected power-law decreasing
with A. The problems with the description of relative helium
and hyper-hydrogen yields were discussed in Ref. [35]. It
may be related to the structure of weakly bound hyper-triton,
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or to the properties of hyper-matter at subnuclear density.
Nevertheless, we predict a substantial amount of nuclei with
A > 4. Such nuclei are very important for the understand-
ing of the nucleation mechanism. For this reason, first, let us
consider normal nuclei (top panel). We predict a relatively
large yields of unstable >Li nuclei (in the excited level of 16.8
MeV), which decays mainly into proton and *He [55,56] after
a time of around 10° fm/c. The corresponding correlations
can be observed in experiment, since the decay time of this
state is substantially longer than its formation time in this
multifragmentation reaction, which is less than 100 fm/c.
One also observes considerable yields of stable and long-
lived Li and Be nuclei. The measurement of such massive
nuclei in high energy reaction in the midrapidity zone would
be an important confirmation of the local chemical equilib-
rium process. It is very difficult to explain the production of
nuclei with A>4 within a simplistic coalescence model or
within a global equilibrium hypothesis (with very high tem-
perature). We suggest to measure correlations of particles
coming from decays of unstable massive nuclei. For example,
8Be nuclei can decay into two “He nuclei after a prolonged
time of 10~'% s. We predict a substantial yield of ®Be (around
10~* — 107 per central event) by using PSG nucleon distri-
butions. The experimental observation of such a correlation
would indicate that nuclei with A = 6-7 should be produced
too. Within the present version of UrQMD we have estimated
that the probability to produce these nuclei is very small (<
107%). Because with the baryon distributions from UrQMD
one obtains few large primary hot clusters. However, this
probability may be higher within other considerations of the
dynamical stage by using other model parameters or other
dynamical models [33]. For all initial baryon distributions
one can use the same statistical prescription describing the
nuclei formation from neighbour baryons. A natural way for
the identification of the reaction mechanism is the experi-
mental observation of the particle correlation after decays of
primary hot clusters, unstable nuclei and hypernuclei [33].
We emphasize especially that for such many-body phenom-
ena the correlations provide the most effective method to
unveil the real formation process among many alternatives.
In relativistic collisions the yields of hypernuclei are very
abundant, and we demonstrate it in the bottom panel of Fig. 4.
Itis instructive to extend the nuclear chart into the strangeness
sector, because hypernuclei can provide information on the
hyperon interaction in nuclear matter, and on the properties
of hypermatter, that is also important in astrophysical envi-
ronment (see, e.g., Refs. [57-63]). In addition, the suggested
fragment formation mechanism realized in heavy ion colli-
sions allows for investigating hypermatter at subnuclear den-
sities. The production of hypernuclei as a result of decay of
excited nuclear hyper-clusters was first addressed in periph-
eral ion collisions and hadron reactions [64]. In the reaction
under consideration, see Ref. [35], we have discussed the
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production of well known light single strange hypernuclei.
Here we present also the predictions for exotic/unknown sin-
gle strange hypernuclei, in particular, NA, %‘H, and NNA
hypernuclei. It is interesting that the ground state hypernu-
clei with A = 2 were not observed in the traditional hyper-
nuclear experiments by using hadron/lepton beams. To this
aim relativistic ion collisions provide new opportunities. In
our theoretical approach we are able to consider both deeply-
bound and short-lived excited states of these nuclei, if they
exist. For a first rough estimate we have assumed that such
nuclei have a very low hyperon binding energy of 0.05 MeV.
It is encouraging that NN A hypernucleus was reported in
Ref. [65]. Therefore, it would be interesting to verify their
existence in new experiments with relativistic ions.

In this work we have increased the statistics of the UrQMD
calculations for central collisions up to 96,000 events, and we
point at the possibility to produce double strange hypernuclei.
One of the open puzzles of the hypernuclear physics is still the
H-dibaryons, i.e., the bound A A systems, which have been
discussed for many years (see, e.g., Refs. [25,64,66,67]).
In the present calculations we have assumed a zero binding
for the ground state and still obtain a quite large amount of
AA, around 1072 per event. Strange H-dibaryons were not
observed in experiments up to now. The reason may be that
their lifetime is too short. Nevertheless, they may be seen in
the correlation measurement by decay products in modern
experiments. If we assume that there exists a deeply-bound
state or relatively long-lived excited state then its yield may
be several times higher or lower. However, it will be suffi-
ciently high to be measured by particle correlations accord-
ing to our predictions. It is further very instructive to mea-
sure i 4 H hypernuclei in the well known ground-state. We
predict these nuclei at the level of 107> — 10~ for all cal-
culation scenarios. A possible many-particle correlation to
detect these hypernuclei might be ‘/L‘ AH— 71’+‘}‘He, and
then 4 He— 7~ +p+>He. There was suggested recently that
the double strange hypernuclei consisting of two As and two
neutrons (i.e., A}x 4n) may exist [68]. We have estimated from
our calculation that, by assuming their binding energy in a
low limit of 0.05 MeV, their yield would be several times
smaller than the yield of i 4H. The observation of double
strange hypernuclei and the comparison with the yields of
single strange hypernuclei and normal nuclei will allow to
investigate hyper-matter and hyperon-hyperon interaction at
subnuclear density. This is a direct consequences of the sta-
tistical regularities of the production mechanism at the nucle-
ation stage [40].

5 Conclusions

We have applied a new theoretical approach to explain the
yields of conventional light nuclei (including exotic/unstable

ones) and single/double strange hypernuclei which can be
measured in relativistic ion experiments in central nucleus-
nucleus collisions. Our approach combines (1) the adequate
dynamical and statistical models to find the distributions of
baryons produced in the first reaction stage, (2) the forma-
tion of intermediate local sources in chemical equilibrium
(excited multi-baryonic clusters) at subnuclear density, and
(3) the description of the nucleation process inside these
sources as their statistical decay. A special theoretical devel-
opment of this work is the suggestion to use PSG method
for the initial baryon distributions with general characteris-
tics of nuclear matter taken from UrQMD calculations. This
provides a chance to evaluate the effect of the variation of
the initial baryon distributions on the nucleosynthesis. As
was shown previously [33,34] our approach can be success-
fully used to analyze the production of non-strange nuclei.
We have demonstrated that the STAR experimental data con-
cerning the production of nuclei and hypernuclei at a high
collision energy can also be described within this approach
by using similar parameters for the local sources. This may
indicate a universal character of the nucleation process in
rapidly expanding nuclear matter. We point out that the large
variety and abundance of produced hypernuclei is an impor-
tant advantage of relativistic heavy ion collisions in compar-
ison with the traditional hypernuclear methods concentrated
on reactions leading only to a few species. Besides double
strange A-hypernuclei we expect an essential production of
& -hypenuclei in these reactions, and plan to include also the
statistical mechanism for their description.

Previously nucleosynthesis was under examination mostly
for stable nuclei. Now we reach the next stage were also
unstable conventional nuclei (e.g., 5 Li, 8Be), single and dou-
ble hypernuclei can be produced in the same reaction events.
We suggest that some problems of the hypernuclear physics
can be resolved by involving these reactions in which there is
a great yield of exotic nuclei, e.g., H-dibaryons. In addition,
we predict a considerable production of ‘j‘ 4H hypernuclei,
which were already observed in other hypernuclear experi-
ments. The production rate of these nuclei is high enough for
their detection. By comparing the yields of different hyper-
nuclei one can extract important information about hyper-
matter in which the nuclei are formed, and about the prop-
erties of exotic hypernuclei [35,40]. This information is also
of utmost importance in astrophysics for models describing
stellar matter in supernova explosions and in binary neutron
star mergers. Big hypernuclear isotopes and double hyper-
nuclei can be singled out from large pieces of hypernuclear
matter in local chemical equilibrium. Therefore, their forma-
tion process can provide complementary information on the
matter, and a deeper knowledge on the hyper-nucleosynthesis
at low densities will be obtained. The correlation measure-
ments in the experiments and the comparison of different
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nuclei/hypernuclei yields in same reactions are a straightfor-
ward method to obtain this new information.
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