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RelativisticRelativistic  collisionscollisions of hadrons and ions of hadrons and ions

    Production of hypernuclei in central and peripheral HI Production of hypernuclei in central and peripheral HI 
collisionscollisions





   Break-up of excited hyper-system (~28MeV)
     [Fermi-Break-up calculated probability~0.01]

 A.Sanchez Lorente et al., Phys. Lett. B697 (2011)222

…

Possible mechanism of this reaction: 



Central Central collisionscollisions of relativistic ions of relativistic ions

(AGS) 

coalescence mechanism

STAR collaboration (RHIC):       STAR collaboration (RHIC):       Science, 238 (2010) 58 Science, 238 (2010) 58 

Au + Au collisions at 200 A GeV



B. Doenigus et al., Nucl. Phys. A904-905 (2013) 547cB. Doenigus et al., Nucl. Phys. A904-905 (2013) 547c



UrQMD DCM GiBUUPHSD
    ProductionProduction mechanisms mechanisms of  of exotic nuclear species exotic nuclear species 

including anti-matter, including anti-matter, hyperhyper--matter in matter in relativistic relativistic HI HI 
and hadronand hadron  collisions: collisions: 

- Production of all kind of particles (anti- , strange, charmed 
ones) in individual binary hadron collisions. Effects of nuclear 
medium can be included.  

- Secondary interactions and rescattering of new-born particles 
are taken into account. (Looks as partial ‘thermalization’.)

- Coalescence of all-possible baryons into composite (exotic, 
anti- , hyper- ) nuclear species. 

- Capture of produced baryons by big excited nuclear residues.

Statistical decay of excited residues into new nuclei
- Multifragmentation into small nuclei (high excitations), 
- Evaporation and fission of large nuclei (low excitations), 
- (Fermi-) Break-up of small nuclei into lightest ones. 



                 Coalescence of Baryons (CB) Model : 
 
Development of the coalescence for formation of clusters of all sizes 

 1) Relative velocities between baryons and clusters are considered, 
      if (|Vb-VA|)<Vc the particle b is included in the A-cluster. 
 2) Step by step numerical approximation. 

Combination of transport UrQMD model with CB:

Investigation of fragments/hyperfragments at all rapidities !
       (connection between central and peripheral zones)

A.Botvina, J.Steinheimer, E.Bratkovskaya, M.Bleicher, J.Pochodzalla, PLB742(2015)7

 
3) In addition, coordinates of baryons and clusters are considered, 
     if |Xb-XA|<R*A**(1/3) the particle b may be included in A-cluster. 
4) Spectators’ nucleons are always included in the residues. 



DCM versus experiment : 
 coalescence mechanism 

 It is not possible to 
produce big nuclei !

DCM and UrQMD calculations - J.Steinheimer et al., Phys. Lett. B714, 85 (2012)

Production of light nuclei in central collisions : Au+Au 



normal- and hyper-fragments; hyper-residues @ target/projectile rapidities

A.Botvina, J.Steinheimer, E.Bratkovskaya, M.Bleicher, J.Pochodzalla, PLB742, 7 (2015)



Because of secondary interactions the maximun of the fragments 
production is shifted from the midrapidity. Secondary products have 
relatively low kinetic energies, therefore, they can produce clusters 
and hypernuclei with higher probability. 

A.Botvina, 
J.Steinheimer, 
E.Bratkovskaya, 
M.Bleicher, 
J.Pochodzalla, 
PLB742, 7 (2015)



Hybrid approach 
at LHC energies: 
UrQMD+
(hydrodynamics)+
coalescence

Botvina, Steinheimer, Bleicher : UrQMD + CB  -  Phys. Rev. C96, 014913 (2017) 

Production of light nuclei at LHC energies (ALICE):

Central collisions: 
Pb on Pb at the center 
of mass energy - 
    2.76 A TeV .
Rapidity range: 
from -0.5 to +0.5



Elliptic flow of protons and deutrons at LHC energies   
                             (ALICE experiment):

Hybrid approach 
at LHC energies: 
      UrQMD+
    coalescence 

Coalescence scaling



Particle production for all rapidities (at LHC): UrQMD+CB



Steinheimer, Botvina, Bleicher : UrQMD + CB  -  Phys. Rev. C95, 014911 (2017) 

Charmed nuclei production at FAIR energies : coalescence ?





Connection between coalescence and thermal models (Eur. Phys. J A17, 559 (2003)): 

Coalescence mechanism: 

Assume initial Maxwell-Boltzmann distribution, then 

On the other hand, from thermal models one can obtain:

We get connection between coalescence parameter and fragment binding energy 



ConclusionsConclusions
Collisions of relativistic ions and hadrons with nuclei are promising  
reactions for novel research of hypernuclei, anti-nuclei, and exotic 
nuclei. These processes are theoretically confirmed with various 
models. 

Mechanisms of formation of hypernuclei in peripheral reactions: Strange 
baryons (Λ, Σ, Ξ, …) produced in particle collisions can be  transported to 
the spectator residues and captured in nuclear matter. Another mechanism is 
the coalescence of baryons leading to light clusters, including hyper- and anti-
matter, will be effective at all rapidities. At LHC energies this mechanism can 
lead to predominant production of large exotic species outside midrapidity. 

Advantages  over other reactions: in the spectator matter there is no limit 
on sizes and isotope content of produced exotic nuclei; probability of their 
formation may be  high; a large strangeness can be deposited in nuclei. 
Correlations (unbound states) and lifetimes can be naturally studied. 
EOS of hypermatter at subnuclear density and hyperon interactions in exotic 
nuclear matter can be investigated. 





DCM + coalescence, 
and 
hybrid approach : 
UrQMD + thermal 
hydrodynamics

Symbols - DCM 
Lines - UrQMD 

DCM and UrQMD calculations - J.Steinheimer et al., Phys. Lett. B714, 85 (2012)

Production of light nuclei in central collisions : Au+Au 
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