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Abstract.

Starting from the Argonne V18 nucleon-nucleon interactmal using the Unitary Correlation
Operator Method, a correlated interactioncwm has been constructed, which is suitable for cal-
culations within restricted Hilbert spaces. In this work employ the ycom in Hartree-Fock,
perturbation-theory and RPA calculations and we study tteeirgd-state properties of various
closed-shell nuclei, as well as some excited states. Tteeptealculations provide also important
feedback for the optimization of the¥om and valuable information on its properties. The above
scheme offers the prospect of ab initio calculations in @iycegardless of their mass number. It
can be used in conjunction with other realistic NN interaasias well, and with various many-body
methods (Second RPA, QRPA, Shell Model, etc.).
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The Unitary Correlation Operator Method (UCOM) providesozel scheme for car-
rying out nuclear structure calculations starting fronlistia nucleon-nucleon (NN) in-
teractions[1, 2, 3, 4]. The major short-range correlatiorduced by the strong repulsive
core and the tensor part of the NN potential, are describeddtgte-independent unitary
correlation operato€. This can be used to introduce correlations into an uncedl
A—body state or, alternatively, to perform a similarity tramhation of an operator of
interest. Applied to a realistic NN interaction, in pariexy the method produces a "cor-
related" interaction, ycom, Which can be used as a universal effective interaction, for
calculations within simple Hilbert spaces. The same ti@mnsétion can then be applied
to any other operator under study, as is needed for a consi$@OM treatment.

The utilization of the UCOM involves a cluster expansiontod torrelated operators
and, currently, a truncation at the two-body (2B) level. Tater is justified by the
short range of the correlations treated by the method. Thasaio treat explicitly only
the state-independent short-range correlations (SR@y-tange correlations (LRC)
should be described by the model space. The correlatiortifunscare determined
for each(S,T) channel by minimizing the energy of the two-nucleon syst&hree-
body interactions are currently not included in the forniol® one way to account for
these is by adding a simple phenomenological non-local 2Bzcton to the correlated
Hamiltonian. The introduction of such a correction (the edor all nuclei) has allowed
the UCOM to successfully describe properties of nuclei um&ss numbera ~ 60, in
the framework of variational calculations within Fermiomolecular Dynamics [3].

In this work we study nuclear structure and response, basedadistic interactions,
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FIGURE 1. Binding energy per nucleon, for the indicated nuclides, k(Hots) and HF+PT (squares)
and experimental (bars).

without restricting ourselves to light-to-medium systenfikis is made possible by
employing the ycowm in Hartree-Fock (HF)- and RPA-based models. The 2B matrix
elements of the ycom (without correction terms), Coulomb interaction and (imdic)
kinetic energy are calculated in a harmonic-oscillator JH@sis. These are used as
input to subsequent HF and RPA calculations, in configunagipace. Only spherical,
closed-shell nuclei have been considered so far. The follpmethods have been used:

HF - a spherical-HF method, to estimate at "zeroth orderhti@dear ground state (gs)
properties. The HF single-particle states are expanddtiMO basis.

HF+PT - second order perturbation theory (PT) is performethe HF basis to obtain
a correction to the gs energy.

HF+RPA - a self-consistent model, which allows us to estaraatorrection to the gs
energy due to LRC, and in addition to study collective exmtss.

ERPA - an extended RPA [5], which is built on top of the true RifAand involves
an iterative solution of the RPA equations. Corrected sipgirticle energies and
occupation numbers can be obtained, as well as excitatapepties.

The PT and (E)RPA allow us to account for LRC, in addition te 8RC introduced
via the UCOM. The optimal separation of the two types of datrens remains an
important task. It is expressed primarily by a constrainttioa range of the tensor
correlation functions, imposed during their parameteiora By varying this range
(more precisely, the "correlation volumky' [4]), a family of correlators and respective
correlated interactions are obtained. Our present regrdisde important feedback for
the optimization of the ycom and valuable information on its properties.

The maximum HO-energy and angular-momentum quantum numised here are
Nmax = 2n+ ¢ = 12 and/nax = 10, respectively, providing a satisfactory degree of
convergence. We use theaom parameterizations discussed in Ref. [4], based on

the Argonne V18 interaction. The results presented in Flgand 2 were obtained

with Ié&l’TZO) = 0.09 fm3. This value best reproduces, in exact no-core shell model

calculations, the binding energy of the light systeide, 3H [4].

Ground state properties. Binding is achieved already at the HF level. The inclusion
of LRC corrections to the gs energy via PT brings the gs engagy close to the
experimental data, as shown in Fig. 1. The RPA correlatiesslt in overbinding [6],
mainly due to the double-counting of second-order comastinherent in the model.
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FIGURE 2. Isoscalar monopole resonance*®ta, in HF+RPA (dashed lines) and ERPA (solid lines).
An arrow indicates the experimental centroid.

In general, largely tensor correlators provide stronger binding both at the hifFthe
RPA level. The HF single-particle levels (not shown) aredparse [6]. The omission of
a three-body interaction and of LRC are responsible fordfiesct. Occupation numbers
nj = <aiTai) (in standard notation) have been calculated within ERPA%0rand*°Ca. In

principle, correlated operato@s'rafaic should be used. The small depletion of the Fermi
sea that we obtain using uncorrelated operators reflecesféna of the gs LRC [7].

Collective excitations. Our RPA results on the isoscalar (IS) giant monopole reso-
nance (ISGMR), for various medium and heavy nuclei, are wdgagreement with the
experimental data. An example is shown in Fig. 2, where weats®that the gs cor-
relations taken into account in ERPA have a relatively srefidéict. In general, lower
ls values result in lower ISGMR energies [6]. The isovector)(thpole strength (not
shown) is distributed at energies which are too high conthasieh experiment; ERPA
Is not able to correct for this result. Inclusion gizh configurations within Second RPA
is expected to bring the IVD strength to lower energies.

In conclusion, the performance of thgaowm is very encouraging. Certain aspects
of the model (e.g., optimal tensor correlators, three-beifigcts) are still open to im-
provement. The above scheme can be used in conjunction tién cealistic (local or
non-local) NN interactions, as well as with various manyhpmethods (Second RPA,
QRPA, Shell Model, etc), and offers the prospect of ab initiculations across the
nuclear chart.
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