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Nucleon effective mass

Electron effective mass:
dispersion relation different from free electrons near the energy gap
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Neutron-proton effective mass splitting

Isospin dynamics in nuclear reactions
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np effective mass and HIC dynamics |

Fast emitted particles (BNV) (Rizzo, Colonna, Di Toro, PRC (05))
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np effective mass and HIC dynamics I

np flow splitting (LQMD) (Z.Q. Feng, NPA (11))
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An improved momentum-dependent interaction (ImMDI)

Effective NN potential :
v(F,r) = é-’:ﬁ(l + x3 Py }py( : —: )5{?’1 — 1)

—

Afx,y) =Ap+y+=x

e—.l"»|Fl —F o+
+(W+GPy —HP, — MP,P,)———— 2B
iy ' ofr) [rL — 12| Ay(x,y) = A —y —x e
- - D’
Potential energy density:
pfﬂ
. AupPnPp A, 5 2 B pg-l_] Ci(y,z2) =Cpp — 2y — ’
Vip.6) = o, +2p (,on+pp)+g+| 7 A2|n[(4pfﬂ+n)m]
P“
X(1 = x8%) 4 ZCE . Cu(y.2) = Cuo +2(y — 22) 2

A?lIn [(4pffﬂ + A2)/A?])

ff & pd’ p’ fe(F.p)fo(r,p’) 0. we choose the following cmpirical values: p{_;. = 0.16 fm™".

L+ (p—p'R2/AY Eo(po) = —16 MeV, K = 230 MeV, m} = 0.7m, Eqym(po) =
_fi P I 32.5 MeV, and Uy o = 75 MeV, which lead to Ajp = Ay =
Mean-field EOtentgal y —66.963 MeV, B = 141.963 MeV., C)y = —60.4860 MeV,
Udp,d,p)= T A Cuo = —99.7017 MeV, A = 2.42401psg, and o = 1.26521.
* po Po
o i B o—1
—|—B(£) (1 —x8%) —4rx P —38o_;  For nuclear matter
Po o+ 1 pg |
o) ¥ ol 2 5Y o~ > —
—|—£ d*p f(r.p?) - fer.p). exp (£ + Ue(p) — o) [T] + 1
o I +(p—p')P/A°
L 2Cu fda G Relevant parameters: X, y, z
£o I+ (p—p')Pr/A° JX, L.W. Chen, and B.A. Li, PRC 91, 014611 (2015)



Isovector part
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np effective mass splitting and nuclear thermodynamics |
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Shear viscosity

y dimension
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Shear viscosity from a relaxation time approach
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np effective mass splitting and nuclear transport properties
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Electric Mode (AS=0) | Magnetic Mode (AS=1)
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Extract m," from ISGQR

Operator of isoscalar giant quadrupole resonance (ISGQR)
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Extract L and m from IVGDR

Operator of @ O
isovector giant dipole resonance (IVGDR): __ IVGDR 1| |
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Isospin transport in HIC
The isovector current: jn, — j, = (DP — DPYVp — (D! — DI)Vé
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(A(t)-1)/(A(0)-1)

characterizing isospin stopping/equilibrium

Isospin transport between projectile and target
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Isospin transport between neck and spectator

Normal-density

less neutron-rich spectator
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D] (fm)

Isospin transport between neck and spectator

Isovector dipole moment for neck-spectator matter ~ 1s0spin relaxation time:
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Final remarks

The effect of np effective mass splitting Is as important
as Esym in 1sospin dynamics of HIC and non-negligible
for properties of asymmetric nuclear matter.

The neutron-proton effective mass splitting mpp(0) in neutron-rich matter of isospin asymmetry & at saturation density.

Approach Mp-p(po) Reference

Optical model Analyses of nucleon-nucleus scattering data (0.41x£0.15)8 [41] X.H. Li et al.

Universal nuclear energy density functional 0.6375 [92] M. Kortelainen et al.

ISGQR, IVGDR & dipole polarizability of 2%8Pb using SHF+RPA (0.27 +0.15)8 [42] Z. Zhang and L.W. Chen

ISGQR, IVGDR & dipole polarizability of 2% Pb using IBUU (0.216 = 0.114)5 [106] K.Y. Kong et al.

General analyses of symmetry energy using HVH theorem (0.27 £0.25)8 [67] B.A. Li and X. Han

Chiral effective field theory (0.309 £ 0.227)5 [128,135] Jeremy Holt et al.

BCPM energy functional 0.25 [141] M. Baldo et al.

General analyses of energy density functional (0.17 £ 0.24)8 [143] C. Mondal et al.
Collaborators: Students in SINAP:

Bao-An Li (TAMUC) Hai-Yun Kong
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Backup 1

MDI: from NN interaction to energy density

6B
. . . I3 = o
Effective two-body NN interaction: (o + Dpg
| 47 B 3x — 1
v(ri, 12) = —t3(1 + x3 Py ) p” ( : 2) 8(ry — ra) BE T
6 2
o o =0 — I,
e ir—ral
+(W+BP, —HP, — MPyP)——— n=A,
ry — 12| A2
W = A — A, C,—C,).
‘ Hartree-Fock framework ?Jﬂ.'pg( : 2 G )
2
Potential energy density: B = GMD(—Al + Ay —4C; +4C,)
A, Ay 5o, B pot! , A2
H(p,8) = —p° +5 o 267 + —(—x8") H= (—2A; = C,),
2p0 o+ 1 pg 3700
fe(r, p) folr, p) A?
+ C”/fa’3 d*p' M = (A, +2C,).
Z " +(p—p'r/A? 3npg )

JX and C.M. Ko, PRC 82, 044311 (2010)



Backup 2

The cross section for the scattering of two nucleons in
vacuum, from momentum states k; and k, to states k,
and k, is given by

do _ L° 27
dQ v,y *

t[*D, , (2.1)

where L’ is the normalization volume, v, the relative
velocity,

Effective mass scaling of
NN cross section

1 de(k,p) _#k , 1 d _ fk
— — — = +——Ul(k,p)=
v =filky—ky| /m % dk 7 dk C oP) m*(k,p)
and the density of final states
 mtVIRIFED p]
D,=L’m|ks—k,|/32m°# . D;=D; -
the present context. Using t'=~t we obtain
do' _ Ve Dy
o' _Vra Y5 do (2.8)
dQ !, D, dQ
_ [k, —k,| k, _ k; ! Pandharipande and Peiper
m || m*ky,p)  m*(kyp) PRC (1992)
m*[V (k3+k2)/2,
X s Yk)/2pl do (2.9)

m dQ
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D Single nucleons
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(x=0, y=-115 Mev) and (x=1,y=115 MeV) have almost the same density dependence of Esym,
but Usym at lower momenta is different, and the difference increases with increasing density.

JX, LW. Chen, and B.A. Li, PRC 91, 014611 (2015)



