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Abstract: New acceleration complex NICA (Nuclotron-based lon Collider fAcility) is underway at
Joint Institute for Nuclear Research (Dubna, Russia). Strangeness and hypernuclei production in
heavy-ion collisions is presently under active experimental and theoretical investigation and is of
particular interest of the NICA program. Prospects for the study of the production of (hyper)nuclei
in the NICA energy range using a novel n-body dynamical transport approach Parton-Hadron-
Quantum-Molecular Dynamics (PHQMD) are presented.
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What to show?

“Prospects for the study of the production of (hyper)nuclei in the NICA
energy range using a novel n-body dynamical transport approach
Parton-Hadron-Quantum-Molecular Dynamics (PHQMD) are presented.”

v PHQMD description (maybe some “bulk” too)

v \ (+Z°) spectra

v Nuclei production and comparison with the existing experimental data
v Hypernuclei production predictions

? Hypernuclei identification and reconstruction in MPD (BM@N?)



What is done: Introduction and the PHQMD description

The phase dlagram of QCD
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High energy HIC — “Ice in a fire” puzzle:
how the weakly bound objects can be formed
in a hot environment?
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PHSD is a non-equilibrium microscopic transport approach for the description of strongly-
interacting hadronic and partonic matter created in heavy-ion collisions

Dynamics: based on the solution of generallzed off-shell transport equatlons derived from mﬁﬁm
Initial A+A Mmany-body theory

collision -
O initial A+A collisions :
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QGP is described by the Dynamical QuasiParticle Model (DQPM)
matched to reproduce lattice QCD EoS for finite T and u.s(crossover)
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Existing models for clusters formatlon

Statistical model:

- assumption of thermal equilibrium

(difficult to justify at target and projectile: rapidity)

- strong sensitivity of nuclei yields to choice of T;,

- binding energies are small compared to T,
.. Coalescence model: ... ...

- determination of clusters at a glven pomt in tlme by coalescence
radii in coordinate and momentum spaces
But they don‘t provide |nformat|on on the dynamlcs of clusters
formation
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In order to understand the microscopic origin of clusters formation one needs: oy (GOV)
- a realistic model for the dynamical:time evolution:of the HIC : : : :

- dynamical modeling of cluster formation based on interactions

. Cluster formation.is. sensmve to nucleon dynamlcs S
=> One needs to Keep the nucleon correlations (initial and flnal) by reallstlc nucleon nucleon
interactions in transport models:
QMD (quantum-molecular dynamics) — allows to keep correlations

ME (mean-field based models) - correlations are smeared out 3
J. Ajghelin, E. Bratkovskaya, A. Le Eévre, V. Kireyeu, V. Kolesnikoy, Y. Leifels, V. Vorenyuk, and G. Cogi, Phys. Rev. C 101, 044905

. The goa to develop a unified n-body microscopic transpon approach for the description of
heavy-ion dynamics and dynamical cluster formation from low to ultra- relatlwstlc energles
PHOMD Realization: combined model - -PHQMD-= -(PHSD- & QMD) & SACA .

| Parton-Hadron-Quantum-Molecular Dynamics

e

Initialization [J propagation of baryons:
QMD (Quantum-Molecular Dynamics)

L+

Propagation of partons (quarks, glg,gng) and mesons
+ collision integral = interactions of hadrons and partons (QGP)
from PHSD (Parton-Hadron:String Dynamics)

<+

Clusters recognition:
SACA (Simulated Annealing Clusterization Algorlthm)
‘vs. MST:(Minimum Spanning Tree)




What is done: A+X° spectra

dN/dy
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What is done: Nuclei production

Pb+Pb, b = 0..5 fm, |5, = 8.8 GeV Pb+Pb, b = 0.5 fm,{sy = 8.8 GeV
— Z> = ONA4Y | Pb+Pb, b = 0..5 fm,|s = 8.8 GeV N
3ls E Qo tmc b o -22 :’"; c ~o =40 fmic
E C - ‘m/c 2 -
35 B - b fmic = 5o mic
= =55 fm/c =55 fm/c o 1 =55 fmic
3 60 fm/c| F =60 fm/c o F 60 fm/c
- = 65 fm/c| =65 fm/c Z[o C =65 fm/c
E 70 fm/c 10 & 70 fm/c ola” [ 70 fm/c
25F =75 fm/c E =75 fm/c il =75 fm/c
= =80 fm/c F =80 fm/c B =80 fm/c
- 85 fm/c C 85 fm/c 85 fm/c
2F 90 fm/c L 90 fm/c 90 fm/c
E 5 107
1.5
E 102 |
1= -
055 C -08<y<-0.4
0:....1. i lesssiosesilsspaiasyis i I | 2t
4 -3 i) -1 0 1 2 3 4 103 bt 1 b b L W b 0.5 1 1.5 2 25
v L S 0 1 2 3 4 p; Gevic
y
Pb+Pb, b = 0..5 fm,|s, = 8.8 GeV, MST, rcluster = 2.5 fm Pb+Pb, b = 0..5 fm,|/s, = 8.8 GeV, MST, rcluster = 4.0 fm
Pb+Pb, b = 0..5 fm,|s = 8.8 GeV
[@NAZT
~ g
= -1 = m,
-3 10 E -50fm/§
Jo E =55 fm/c
& L =60 fm/c
Z|°- ¥ 65 fm/c
@ k4] o|l2102 70 fm/c
c c i 75 fm/c
3 3 @ | =80 fm/c
o o ™85 fm/c
. 90 fm/c
107 5
—4 |
100 100 10
c 5
oo ol© i 06<y<09
-5 TR R T (R M SN TN N N TN N NN T N N N S N NN T Y I S LA
W 0.5 1 15 2 2.5

’ P, Gev/c




What is done: Hypernuclei predictions

PHQMD results (with a hard EoS and MST algorithm) for the rapidity distributions of all charges, Z=1,Z = 2,
Z > 2, as well as A’s, hypernuclei A = 4 and A > 4 for Au+Au at 4 and 10AGeV

| Au+Au, minimum bias, 4 A GeV, MIST ' ‘ AutAu, minimum bias, 10 A GeV, MST .
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What to do: (?) Hypernuclei identification and reconstruction

Only 1 month to go
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