|

) <

The University of Osaka
Institutional Knowledge Archive

Extended Brueckner Hartree-Fock theory for
Title nuc lear matter with realistic nucleon—-nucleon
interaction

Author(s) |Hu, Jinniu

Citation | KPrKZE, 2011, {EtH

Version Type|VoR

URL https://hdl. handle.net/11094/1994

rights

Note

The University of Osaka Institutional Knowledge Archive : OUKA

https://ir. library. osaka-u. ac. jp/

The University of Osaka



—0T—

%
WL OB O 4
R % B
XX
Wi 5 0%

@ oW ow B R

+E
=

#
p=
by

i

(7]
e £ & imiuH
o+ (E)
¥ 24879 &
TR 23 42 9 J1 20 A
ENRBNEE 4 555 1 Hi% Y
PR TR B R A
Extended Brueckner Hartree-Fock theory for nuclear matter with
realistic nucleon-nucleon interaction
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We construct some new theoretical framcworks to describe the properties of nuclear

matter wiith a realistic nucleon-nucleon (NN) interaction in this thesis. It is

important to treat the short range repulsion and strong tensor interaction in the

intermediate distance of the realistic NN interaction properly in many-body theory

To achieve this goal, wec study first the role of form factors, which is an

indispensable quantity in the realistic NN interaction, in nuclear matter with

relativistic Hartrec—Fock (RHF) model

For a quantitative account of nuclear matter

we adopt a phenomenological one-boson-exchange interaction to study the effect of

the form factor. We find that the NN intcractions are suppressed largely at high

momentum region by

the form factor.

Next, we study neutron-rich matter in the RHF model with a realistic nucleon-nucleon

interaction. It is well known that the tensor interaction contributes very little
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to neutron-rich matter. Hence, we take into account only the short range correlation
in terms of two powerful tools, the unitary correlation operator method (UCOM) and
the Jastrow function method. We find that the equations of state (EOS) of
ncutron-rich matter in our calculations are consistent with those given by a
microscopic model, relativistic Brueckner-Hartree-Fock (RBHF) model. However, the
case in symmetric nuclear matter is largely different from the results given by
the RBHF model particularly in the low density region. This is caused by the lack
of the tensor interaction in the Hartree-Fock approximation, which plays an

important role in the saturation mechanism of symmetric nuclear matter.

Finally, we compose of traditional Hartree-Fock states and 2-particle-2-hole (2p-2h)
states as the nuclear wave [function. The strong tcnsor force and short range
correlation of central [orce can be properly treated by including the 2p-2h states.

The content of the 2p-2h states and the wave function of the single particle states
are determined by the variational principle for the total cnergy. We can then extract
an effective NN interaction from the equation of motion for the single particle
state. This cffective interaction has a similar structure to that of the G-matrix
interaction in the Brueckner-Hartree-Fock theory, and the above two important
characters are properly taken into account. We call our new theoretical framework
as an extended Brﬁeckner*ﬂartreefFock (EBHF) theory. Using this new framework, we
first work out the EOS of the symmetric nuclear matter with the Bonn potential as
a realistic NN interactiion in a non-relativistic framework. In low density region

the binding energies of the nuclear matter are very similar to those given by the
Brueckner-Hartrcc—Fock theory. As the density increases, more repulsion is obtained
due to the 2p-2h correlation in the kinetic energy. It turns out that this additional
repulsive energy can improve the saturation properties ol nuclear matter
significantly, which has never been achieved previously. Next we apply the EBHF
theory in a reclativistic framework, wherc we find that the saturation properties
are nicely reproduced consistently with the empirical data. The neutron matter is
also calculated with different Bonn potentials. We discuss the role of the tensor

force in those nuclear matter properties
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