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ON ONE VERSION OF A SEMIDISCRETE GALERKIN METHOD
FOR PDE PROBLEMS INVOLVING A GENERALIZED 2D
HAMILTONIAN OPERATOR*

ALEXANDER ZLOTNIK', BERNARD DUCOMET!, HELOISE GOUTTE$, AND
JEAN-FRANCOIS BERGERY

Abstract. We consider a boundary value problem, an eigenvalue problem and an initial-
boundary value problem involving a generalized 2D Hamiltonian operator (i.e., the second order
self-adjoint elliptic operator) in a rectangular domain. We apply a semi-discrete Galerkin method ex-
ploiting space approximations of the form ¢1 (z1)x1(z1,22)+ - +en(z1)xn (z1,22), where x1,..., XN
are some known complex-valued basis functions and ci,...,cy are unknown coefficients. The corre-
sponding approximate problems are stated and their properties such as existence and uniqueness of
solutions and bounds for them, positive definiteness of the related sesquilinear forms, etc. are ana-
lyzed. For a specific physically reasonable choice of the basis functions, error bounds of arbitrarily
high orders are proved for all the listed problems.
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1. Introduction

The description of large amplitude collective motion in atomic nuclei, such as
large-scale collective oscillations and nuclear fission remains one of the most challeng-
ing problems in contemporary nuclear physics. One way of tackling this kind of prob-
lem is to employ the so-called Generator Coordinate Method (GCM) [11]. This ap-
proach consists in first defining a set of static nuclear wave-functions @ (71,7, ...,74)
labeled by the composite index q=(q1,92,-..,qn ), representing the different kinds of
shapes the system is expected to adopt during time-evolution. These wave-functions
usually are determined by means of self-consistent mean-field Hartree-Fock-like tech-
niques using M constraints of the form ¢; = <@q|Ql|¢q>. In most cases the operators
Ql are taken as the usual multipole operators of order I. The time-dependent wave-
function of the system is then assumed to be the superposition of all static states ®q
weighted by a probability amplitude f(g;t):

\P(F17F2,...,FA;t) :/f(q,t) (pq(F17F2,...,FA)dMq. (11)

The justification for this form of nuclear wave-function is similar to the Bohr-
Oppenheimer approximation of molecular physics. It is assumed that the “collec-
tive” degrees of freedom described by the set q evolve with characteristic times 7.,
that are much larger than the one associated with the internal motion of nucleons:
Teoll > Tint ~ 10723 5. The GCM is therefore expected to be a good approximation in
the low-energy regime (E <15 MeV).
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