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Transport model of heavy-ion collisions
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Related to the equation of state of nuclear matter
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Giant resonance in BUU equation
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In order to calculate giant resonance within BUU

* The lattice Hamiltonian method are used to solve the BUU
equation, which conserves the energy exactly and momentum
to a high degree of accuracy

* The initial radial density distribution are obtained self-
consistently through varying the same Hamiltonian used in the
BUU calculation (Thomas-Fermi initialization)

* Stochastic method are used in dealing with the nucleon-
nucleon collision term of BUU equation

* Technically, the present method are implemented based on the
high performance GPU parallel computing, which enables the
use of more test particle
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The lattice Hamiltonian method

To study nuclear giant resonance in tranport
model, we need/long time evolution

1suitable

The lattice Hamiltonian method of solving
BUU equation conserves the total energy
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The lattice Hamiltonian method
The treatment of momentum dependent part
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Initialization of test particles Thomas-Fermiinitialization
E = /H(T, p-(1),Vp:(r), Vp.(r)---)dr ,

OH o OH  _, OH f @, p) =
Ip 9(Vp) d(V?p) S
1 2
F F __
T (o))} + U E [p(r)] 7} = s
2m
The density profile in lattice Hamiltonian method
0.25 _ 0.25 e _
| 2%%Pb ground state with SP6m ; | 2%°Pb ground state with SP6m ]
6\0.20 - Ng = 10000 e ] «7\0-20 ! Ng = 10000 t = 200 fm/c
£ 015 pem—on —icaome EOI ==~ iz
— ; ——t=120fm/c ] g ; ——t=800fmlc |
—0.10 | ——t=160fm/c 0101 ——t=1000 fm/c ]
P F p.(n) t=200 fm/c e | Pa(r)
0.05F 5.0 1 . 0.05F Bo(r) \
0.00 e . ] 0.00 .
o 2 4 6 8 10 12 o 2 4 6 8 10 12
r (fm) r (fm)

R. Wang, L. W. Chen, and Z. Zhang, PRC99, 044609 (2019)



Ground state LHV Calculations
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Giant resonance in LH method
Small excitation of the external field ﬁ(t) — Hy + )\Qé(t — o)

In linear response theory
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Giant resonance in LH method
Vlasov result
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Stochastic collision in LH method
For phase space volume (p; + A3p;) and (p, + A3p,) at 7,
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Stochastic collision in LH method

For Boltzmann distribution at temperature 7,
the number of collision per unit time and /s satisfies
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Giant dipole resonance width

Origins of uncertainty in calculating width
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Giant dipole resonance width
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Summary and outlook

 We have developed a lattice Hamitonian method of BUU
equation with Skyrme pseudopotential and stochastic
nucleon-nucleon collision term.

* The isovector giant dipole resonance of “°°Pb have been
studied based the above LH method, and we can decribe
the experimental width and strength function with the
present LH method.

 The GDR width shows strong dependence on the in-
medium nucleon-nucleon cross section, and might be
used to constrain the in-medium nucleon-nucleon cross
section in the future.
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Extended Skyrme interaction
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Local energy density functional

local nuclear energy density functional up to N3LO
B.G. Carlsson et al PRC78,044326 (2008)
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Skyrme pseudopotential

local nuclear energy density
functional up to N3LO-
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Hamiltonian density

In the case of nuclear matter

H(F, 17, 5)) = / dp— (7, ) + Ho (o(7))
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Single particle potential

In non-relativistic framework, the single nucleon energy
E (p, 0, l_é) can be expressed generally using the following

dispersion relation: Single particle
5 %2 N L > potential
En/p (p» 61 k) m —— Un/p (p; 6; ri;f: yi 111'1 k))

Distribution function
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Requirements of new interactions

 Satisfies all possible constrains from the nuclear
matter;

* Realistic single particle potential or Hama
potential to higher momentum ~ 1.5 GeV/c?
(corresponding to incident energy of 1 GeV), at

P = Po;

* Qualitatively reproduce the first order symmetry
potential calculated by microscopic calculation up
to momentum ~ 1.5 GeV/c?, at p = p.

Rui Wang - Transport2019 - ECT* - 22 May 2019 PhD defense - 201975/22




Landau Fermi llquld theory
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Properties of Nuclear Matter
flow data of SNM EoS for PNM symmetry energy
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Single particle properties
The main improvement of the new interactions SP6s SP6m and
SP6h is the realistic single nucleon potential to energy of about

1 GeV.
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Single particle properties

The comparison of first order symmetry potential to microscopic

calculations

relativistic impulse approximation (RIA)
Brueckner-Hartree-Fock (BHF)
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R. Wang, L. W. Chen and Y. Zhou, arXiv, 1806:03278



Lattice Hamiltonian Vlasov framework

The equation of motion f (7o, P) = Z S(ri — 7)o (p: — P)
’LEV
Hamilton equations, with the r; and p; of ﬂit%ce iltel;
i-th test particle treated as the canonical
coordinate and momentum of total o ol
Hamiltonian A :_. I° o .ll
dr, OH _ 7 IHMP(7,) Le—¢—+—o
dt — op,  E T NrpAV QEZV P, I';.?tgar?i-cljs]
dp; OH & ([OHA(F,)  OHM(F)10pa  OHMP(F,
i = = NrsV Y| a(”+ a(r )}ap*+ a*(r)}
ri P P T r;
~ ViU (T
Summing over all Uiocar (T ) + Uni(7a) ﬂ " ( )
lattice sites that TP 0pa , .
contribute or,  OF, Z S(7i = 7) = 5(7i — 7o)

1€ Va



