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Outline

1. Description of experimental data of the NA61/SHINE collaboration
on ¥, KE, p,p production in Ar+Sc interactions at 13, 19, 30, 40, 75,
150 A*GeV using UrQMD model version 3.4

2. Study of neutron production in P + A interactions in the frame of
UrQMD model version 3.4 .

3. Coupling of UrQMD 3.4 model with the Statistical
Multifragmentation Model (SMM) by Botvina.

4. Analysis of neutron spectra in UrQMD+SMM model.

5. Description of fragment production in nucleus-nucleus interactions
by UrQMD+SMM model.

6. Conclusion



Pi-meson production in UrQMD model 1.3
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m—, K=, p,p production in Ar+Sc interactions according to

UrQMD model version 3.4 . (Exp. Data: NA61/SHINE, 2024)

We installed UrQMD 3.4 at HybriLIT cluster at JINR. All given calculations are performed at HybriLIT
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At P;,,=19 GeV/c, we obtained the similar results with 13GeV/c
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dN/dY

¥, K, p,p production in Ar+Sc interaction at higher energies

according to UrQMD model (Exp. Data: NA61/SHINE)
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Neutron production using UrQMD model in p+Al interactions

(Exp. Data: K. Ishibashi et al., J.Nucl. Sci. Tech., Vol.34, N6 (1997) P. 529)
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Neutron production using UrQMD model in p+Fe interactions

(Exp. Data: K. Ishibashi et al., J.Nucl. Sci. Tech., Vol.34, N6 (1997) P. 529)
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Neutron production using UrQMD model in proton

Interactions with heavy target.
(Exp. Data: K. Ishibashi et al., J.Nucl. Sci. Tech., Vol.34, N6 (1997) P. 529)
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Coupling of UrQMD and SMM models

UrQMD 3.4 CIUSEEr Botfra Fragments

o use neutrons,
(Original) ( ST (n, p, frags)

Mesons,
gamma,
electron, etc.

- For calculation by UrQMD+SMM model, potential mode of UrQMD is used
(Option: eos=1 Skyrm energy; Coulomb energy).

The next parameters are imported in calculation by modified UrQMD+SMM model:
- Evaluation time t =100 fm

- radius of clusterization r = 3.0 fm (We also tested r =2 and 4 fm.)

- Excitation energy: Egycir = (Epotential + Ekinetic) - Eground state
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Coupling UrQMD and SMM models.

Results for neutron production in p+Al interactions
(Exp. Data: K. Ishibashi et al., J.Nucl. Sci. Tech., Vol.34, N6 (1997) P. 529)
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Coupling UrQMD and SMM models.

Results for neutron production in p+Fe interactions
(Exp. Data: K. Ishibashi et al., J.Nucl. Sci. Tech., Vol.34, N6 (1997) P. 529)
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Coupling UrQMD and SMM models
Results for neutron production in proton interactions with heavy nuclei

(Exp. Data: K. Ishibashi et al., J.Nucl. Sci. Tech., Vol.34, N6 (1997) P. 529)
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Couplin&: UrQMD and SMM models
rodu

for studyin?Eneutron ction In A+PDb Interactions at various angles
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Coupling UrQMD and SMM models

for studying neutron production in C+A interactions

(EXBh Data: V. I. Yurevich, R.M. Yakovlev, V. G.
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|I;/Iass and charge distributions of fragments produced In
e+p
(Exp. Da

Interactions according to UrOMD+SMM model.
ta: C. Villagrasa-Canton et al. Phys. Rev. C 75, 044603 — Published 13 April 2007)
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There is observed a symmetry between calculations of Fe+P and P+Fe interactions by UrQMD+SMM model
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Momentum distributions of frag ments produced in C+C interactions at
I

energy 20.5 GeV according to UrQMD+SMM model

(Exp. Data: Afonin, A. G., et al. Nuclear PhySICSA 997 (2020): 121718.)
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Conclusion and outlook

Conclusion:

- The UrQMD model 3.4 describes sufficiently well the spectra of n*, K~,p,p
In nucleus-nucleus interactions by NA61/SHINE Collaboration at various initial
energies. There is a problem with reproducing of K* spectra in the model.

- UrQMD model can not well describe neutron yield in proton-nuclel interactions at
small neutron energies.

- The UrQMD model has been coupled with SMM model. On the whole,
UrQMD+SMM model describes well neutron and fragment productions in proton —
nucleus and nucleus - nucleus interactions.

Outlook:
- Applying UrQMD+SMM model for the MPD/NICA experiment.

- Studies of neutron and fragments production are experimentally foreseen in BM@N
experiment at JINR. 17
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Ultrarelativistic Quantum Molecular Dynamics

(UrQMD)

- Monte Carlo model used to simulate nucleus-nucleus interactions at
high energies by solving a large set of equations:

dfi(z,p) _ Opdfiz, p) 0zdfi(z, p) d.’z(l D)

dt ~ ot dp dt O ot

=5tfi(2,p),

Where f(x,p) are phase space densities of particle species.

- Consideration of cross-section of various meson-meson, meson-
baryon, and baryon-baryon interactions.

- Potential interaction between particles: Yukawa, Coulomb, Pauli
potential.
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Appendix: K-meson production In different simulation model
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