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Abstract: After adding isospin dependent high order correction terms to existing relativistic mean
field models (RMF), the density dependence of symmetry energy and the neutron skin thickness S
for **Pb are studied. Using the new effective interaction PK1, together with NL3, S271 and
2271, a range of 29—38 MeV for the symmetry energy for nuclear matter at saturation point and
the corresponding neutron skin thickness S = 0. 14—0. 28 fm for *®*Pb are obtained. For all effec-

tive interactions, a linear relation between the symmetry energy at saturation point and the neutron

skin thickness for *®Pb is observed.
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1 Introduction

Symmetry energy plays a crucial role in nucle-
ar physics. The neutron skin thickness S in heavy
nuclei is determined by the symmetry energy to a
large extent. The situation regarding the determi-
nation of neutron radii is unsatisfactory with errors
typically being an order of magnitude larger than
those for proton radii. A widely used and success-
ful approach for nuclear matter and finite nuclei is
the relativistic mean field (RMF) theory!™, which
gives S= 0.2—0. 3 fm'* for **Pb. Model-depend-
ent analyses of experimental data with hadronic
probes yield values of the neutron skin which vary
between 0. 0 and 0. 2 fm, which seem to be more
consistent with the predictions of nonrelativistic
models, Hadronic measurements, however, suffer
from potentially seriocus theoretical systematic er-

rors associated with uncertainties in nuclear reac-
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tion mechanisms and, hence, one should be cau-
tious about drawing the latter conclusion,

In this paper we supplement existing RMF La-
grangian densities with two new higher order cor-
rection terms associated with the coupling of the
nucleon current to o- and p-meson fields. Values
for the various combinations of the new coupling
constants are extracted by fitting to the properties
of nuclear matter, The symmetry energy at high
density is softened depending on the choice of new
coupling constants and the corresponding values
for the neutron skin of **Pb are compared to the

predictions of other relativistic mean field models,

2 Formalism

The details of the RMF theory and its applica-

tion in nuclear physics could be found in Ref. (3].
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The new high order isospin dependent correction

terms are respectively,

Lx = Flagpyﬂ(guo/m)r * pﬂ¢"
L2 = angﬂ"(gad/m)zf . pﬂ(lb

and the term introduced in Ref. [4] :
Lup = 4'Avg§py ¢ p“giwﬂw”‘

Detailed formalism can be found in Ref. [5].

3 Results and Discussion

We take the following regulation: the coupling
constant g, is adjusted in such a way that all the ef-
fective interactions have a fixed symmetry energy
at average density of k= 1. 15 fm™' (p = 0. 10
fm~*). The symmetry energy at k,= 1. 15 fm™" is
26. 08 MeV for original effective interaction PK1
and 25. 68 MeV for original NL3J, S271, and
727113, respectively. After adding the new term
for PK1, we find the density dependence of the
symmetry energy softens at high density depending
on the choice of new coupling constants.

The neutron radius (thus neutron skin) of
28 Ph relies on the density dependence of symmetry
energy. Stiff density dependence (i. e. » pressure)
for neutron matter pushes neutrons out against
surface tension, leading to a larger radius. Al-
though there were some tentative explanations for
the origin of this linear relation, it keeps unset-
tled. After adding the new terms, we illustrate the
relation between them for three effective interac-
tions, PK1, NL3, and S271 in Fig. 1. The

points are particularly taken with experimental
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Fig. 1 The relation between neutron skin thickness $ in
28 Ph and symmetry energy of nuclear matter at satu-

ration density with new isospin dependent terms.

4 Summary

After introducing higher order correction
terms to the existing RMF models, we have ob-
served the new ranges of neutron skin thickness in
28 Pb, 0. 17—0. 28 fm for PK1 and NL3 models;
0.13—0. 25 fm for S271 and Z271 models, whereas
the binding energy and proton radii are both well
constrained by experiments. The linear relation be-
tween neutron skin thickness S and the symmetry
energy at saturation point is demonstrated. A pre-
cise measurement of the neutron radius (therefore
neutron skin) for *®Pb in Jefferson Lab!™ would

place an important constraint on RMF models.
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Physics Quality of Heavy Ions Beam with Tumor Therapy
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Abstract: Heavy ion therapy has more advantages due to the physics quality of heavy ions. Therefore the investi-
gation on heavy ion actions with biological materials will be a basic task. In this paper, the experimental results

show a picture to resolve some problems currently concentrated.
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