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Abstract

The Physical origin of the nuclear symmetry energy is studied within
the relativistic mean field (RMF) theory. Based on the nuclear binding
energies calculated with and without mean isovector potential for several
Isobaric chains we confirm earlier Skyrme-Hatree-Fock(SHF) result that
the nuclear symmetry energy strength depends on the mean level
spacing ¢ and the effective mean isovector potential strength . A
detailed analysis of the isospin dependence of these two components
contributing to the nuclear symmetry energy reveals a quadratic
dependence due to the mean isoscalar potential, 77, and completely
unexpectedly, the presence of a strong linear component in the isovector
potential ¥ T(T+1+ &/x). The Latter generates a nuclear symmetry
energy in RMF theory £, = symT(T+1) at variance to the SHF
calculation and the coefficient 4, Is in good agrment with the empirical
data.




l. Introduction
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[Nuclear symmetry energy:] Eoym = %bsymw — %a,g_ym.Tz N
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Where, Gsym = Qkin + Qint, originates from the kinetic energy and the interaction itself.
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data of A<80 nuclei, Egym = - A T(T +1), a(A)hasshell structure
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Based on the experimental 3
masses of 1751 nuclei, fitan |[E. =a T(T +1) and a. =— —
average formula om = g’ (T +1) OA A A A?
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Iso-cranking single-particle model: —eT°? 1 1
2 lE,, = e T2+ ke T(T +1)
Isovector potential:| 1, v o7 = L, 1 (T +1) 2 2
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SHF calculation has been used to verify



Iso-cranking single-particle model 3¢
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[ Single-particle Routhian: } H=H —-woT

sp T

H o is the single-particle Hamiltonian, with
equidistant level and fourfold degenerate
(isospin and Kramers),
then the energy is E ) = ;ei = ;(ig)

—m_T |is the iso-cranking term, which
removes the isospin degeneracy.

[Total energy(even-even nuclei, even-T):}
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Iso-cranking in Equidistant level model
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1. Formalism and numerical details

[ 1) Potential separation ]

S(r) = go0
(—iaV + V(r)+ 3(M + S(r))py; = s {

V(T) = guiy + gamapn +el5B Ap

[ Full potential: } Vi =V (1) + BS(r) = 9,0,(r) + 9,750, 5(r) + fg,,0(r)

[Isoscalar and isovector parts;] {Visos =0,0,(r)+ pg,o(r)

View = gpz-3p0,3(r)

[ 2) Energy calculation ]

With full potential V,,, the calculated binding energy is denoted as E;
With isoscalar potential V... (i.e., switching off the isovector potential V

ISOS,

the calculated binding energy is denoted as E
.

[ 3) The e and x calculation]

E~T—E~T:0:—5T2~@

1

Coulomb force neglected
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I11. Resutlts

SHF calculations]
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Fig. 1, the mean level spacing &.

[RMF calculationJ
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1. eisnearly aconstant at large T.
2.  Scaled by m*/m, all curves are within the the empirical limits. A
3. Atsmall T, there are strong variations, which is associated with shell structure.
Different from SHF

1. Results for different parameters are very close to each other

Before scaled, the value is bigger.
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I I I g RESUtItS [RMF calculation]
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Fig. 2, the average effective strength of isovector potential »

For 7?, k decreases with T.
For T(T+1), k is still decreasing along T, while for Skyrme-HF calculation, it is almost constant.
Then, we have the T(T+1+¢/k) dependence, where, x is almost constant.

%KT(T +1+¢lk)




I11. Resutlts

[ Empirical formula ]

[RMF calculation]

a, a,
Agym = A T IEE
134.4 203.6
D A o A4/3
[Least squares fitting}
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Fig. 3, the nuclear symmetry energy coefficient a,,
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V. Summary

RMF Theory has been used to study the nuclear symmetry

E =%8T2+%KT(T+1+8/K‘)=asymT(T+l)

sym

1. The mean level spacing, ¢, Is nearly a constant at large T,
while it can be affected by shell structure at small T, similar
as Skyrme-HF calculation.

2. The isovector potential can be characterized by a single
number, x, along an isobaric chain, but following

T(T+1+ « / ¢) dependence.

3. The symmetry energy is following T(T+1) very well and the
coefficient a., ., has good agreement with experimental data.

sym

For more detail, please see [1]:
[ [1] S. Ban, J. Meng, W. Satula, and R. Wyss, Phys. Lett. B633 (2006) 231-236 1




Topic 2: Neutron Stars

quark-hybrid traditional neutron star
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The properties
of static, cold
neutron stars
are calculated
In RMF theory
based on this
model [2].



Topic 3: Neutron- Proton pairing

Abstract

Neutron-proton(np) pairing is an old topic. People realized that the
complete pairing theory should includ np pairing since 1960's and even
earlier. The ideal condition for finding np pairing occurs in N=Z nuclel,
where the nuetrons and protons occupy the same spatial orbitals and
have the maximum spatial overlap. Goodman did the theoretical
calculation in 1970's, while the experiment condition was limited.
Recently, more and more experimental data for N=Z nuclei have been
collected and the quest for np pairing gains great importance. Though
np pairing is urgent to be understood in theory, it is very complicated,
e.g., since signature symmetry and axial symmetry are not self-consistent
symmetries when np pairing appears, we have to stusy it in triaxial
defromation case; many studies showed that it is more important at high
spin state, so we also need to consider the cranking; the isospin spaces
for neutron and proton has to be mixed in the calculation; and so on.
While, based on the cranking + triaxial deformed Hartree-Fock
Bogliubov code, it is possible to add np pairing. Then we can do the self-
consistent, with np pairing included, mean field calculations for N=Z
nuclei.




Topic 3: Neutron- Proton pairing

My aim: making craning + triaxial-deformed + np-paiting HFB code
to do the microscopic self-consistent calculation.

( fin— 2 ! T ?En:l T=0 Aoz ;_ ??;FD
0 hp =2 Bpn +8py App 7 7
_ E.
Ar Al —h} + An 0 v v
\ Abn ALy 0 —hy + Ap .

/Based on: \

cranking + triaxial-deformed + signature broken HFB code
In coordinate space.

Cooperated with
P. H. Heenen, ULB, Brussels, Belgium
R. A. Wyss, KTH, Stockholm, Sweden
\_ Jie Meng, Peking University, Beijing, China .
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Neutron Stars

Outer crust: nuclei

[nner crust: nuclet + neutron g5
Fod- and plate-like structures

Uniform nuclear matter

Condensates of

KL .7
Quarks?

~0.3 km ~0.6 km ~10 km

0]

* H. heiselberg Introductory talk given at conf. Copenhagen, August 15-18, 2001
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