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Spin-orbit coupling
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• Skyrme-Hartree-Fock model

• Relativistic mean field model
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Hartree-Fock method

the isospin dependence of the SO potential
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Generally

0W = 80 ~ 150 MeVfm5, α, β, and γ still under debate
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W1 and γ fitted to reproduce 

the density dependence of the

SO potential from the RMF model

Similar spin-orbit field
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Spin dynamics in low-energy reactions
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16O+16O reactions from TDHF
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internal excitation (spin twist)



Spin-dependent Boltzmann equation

spin-particle energy

phase-space distribution function
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Spin-dependent equations of motion

Assuming                           ,   define                      ,    

spin-dependent 

Boltzmann-Vlasov 

Equation

Based on the test-particle method in C. Y. Wong, PRC (1982)

procession of spin 

expectation direction



Skyrme-type spin-orbit interaction
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Spin singlet and spin triplet
spin expectation
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spin state
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Spin-dependent NN scatterings

np and pp phase shift data R. A. Arndt et al., PRC (1977)

“previous”:

• spin-dependent Pauli blocking

• rigorous angular momentum conservation



Constraint of angular momentum conservation

collision rate 

in box with 

periodic boundary 

condition

evolution of angular 

momentum in HIC

in-plane scatterings
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Spin-dependent coalescence

traditional coalescence

statistical factor

spin expectation direction

deuteron：spin 1, np spin triplet

triton (3He)：spin 1/2 determined by residue n(p), np spin singlet



Nucleon spin polarization in HIC

sign 

problem

Au+Au@100MeV



Nucleon spin polarization from 

different SO potentials
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Spin dynamics and nucleon collective flow

spin splitting of collective flow
spin-averaged collective flow
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Spin dynamics of light nuclei

deuterons

spin alignment
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Constraint of 
Angular Momentum Conservation (AMC) - vertical 

slightly weaker

spin polarization

Affect spin-averaged collective flowlower number and spin densities
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Nucleon spin change after NN scatterings

Einc

bNN

nucleon spin change 

from phase-shift data

rigorous angular

momentum conservation

main

contribution



Spin polarization from only NN scatterings



Outlook

• In-medium phase-shift data

• Experimental observables

– excited states of light nuclei

– dynamics of Δ and π

– hyperons and vector mesons
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