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Transport Theory

Boltzmann-Uehling-Uhlenbeck (BUU) model

evolution of the one-body phase
space occupation probability

describe microscopic

evolution  transport
models

quantum molecular dynamics (QMD) model

Heavy-lon Collisions (HICs) evolution of the N-body phase
space density distribution

( for low energy fusion cross sections,
diffusion model, di-nuclear model.

for intermediate model, statistical
multifragmentation model (SMM). )



Transport Theory: Transport theory for N-body system

N-body phase space
distribution
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(Aichline, “Quantum” molecular dynamics—a dynamical microscopic n-
body approach to investigate fragment formation and the nuclear equation
of state in heavy ion collisions , Phys. Rep. 202, 233 (1991).)



Transport Theory: Quantum Molecular Dynamics (QMD)

In QMD approach, each nucleon is represented by a Gaussian wave packet:
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Transport Theory: Quantum Molecular Dynamics (QMD)

For N-bOdy system: ID(I‘1, s rN) = Qbkl (r1)¢k2 (rQ)---Cbk:n (rN) a direct product of N coherent state
¢r, (r;) is the ith particle at state k; (p; = hik; form)

N-body Wigner function
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Time evolution of the centroids in the coordinate and momentum spaces,
which are driven by the mean field potential and nucleon-nucleon collisions.



Transport Theory: Quantum Molecular Dynamics (QMD)
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Transport Theory: Quantum Molecular Dynamics (QMD)

The interactions may consist of local interaction, Yukawa and Coulomb interactions:
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Transport Theory: Improved QMD (ImQMD)

1. Nucleonic mean field

In the ImQMD, improving the mean-filed part by using a reasonable energy density functional, in Hamiltonian equation:
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Transport Theory: Improved QMD (ImQMD)

1. Nucleonic mean field

In ImQMD, three kinds of Skyrme-type energy density functional are used according to the energy region:

(1) low beam energy (ImQMD-v2):

a reasonable energy density functional (EDF) derived from the Skyrme EDF and the Fermi constraints are used:
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Transport Theory: Improved QMD (ImQMD)

1. Nucleonic mean field

(from 20 MeV/nucleon

(2) beam energies are high enough to trigger the multifragmentation (ImQMDO05): 0 300 MeV/nucleon)

nucleonic potential energy density functional has two parts: U — U p -+ Umd
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Transport Theory: Improved QMD (ImQMD)

1. Nucleonic mean field

(3) standard parametrization of the Skyrme potential energy density functional (from 20 MeV/nucleon
with only the spin-orbit interaction neglected (ImQMD-SKY): to 300 MeV/nucleon)

The nucleonic potential energy density functional is
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Transport Theory: Improved QMD (ImQMD)

2. Collision part

(1) transform from system center of mass reference to the two-particle center of mass reference frame
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(3) make judgements from cross section:

(4) transfrom back to system center of mass reference



Transport Theory: Improved QMD (ImQMD)

3. Pauli blocking
The occupation probability is:
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Transport Theory: Improved QMD (ImQMD)

4. Initialization
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