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Abstract

Construction of the microscopic theory of large-amplitude collective motion,
capable of describing a wide variety of quantum collective phenomena in nuclei,
1s a long-standing and fundamental subject in the study of nuclear many-body
systems. The present status of the challenge toward this goal is discussed
taking the shape coexistence/mixing phenomena as typical manifestations of
the large-amplitude collective motion at zero temperature. Some open problems
in rapidly rotating cold nuclei are also briefly discussed in this connection.
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Dear Kenichi,

working TDHF during my post-doc,
I am reading with interest your contribution to the special JPG issue
about the open problems in nuclear physics.

Could you please be more precise about your sentence

"The TDHF is insufficient for the description of quantum spectra of
low-lying states, however, because of its semi-classical feature''.

In which sense you write that the semi-classical nature of the model
prevents an appropriate description of the low-lying states ?

Is this because it is difficult to classically depict mixing phenomena,
like those responsible for the properties of these region of the nuclear
spectrum ?

| would be glad to hear something more precise.

Thank you and very best wishes,
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Reviews of Modern Physics, Vol. 54, No. 4, October 1982 s e

The mean-field theory of nuclear structure and dynamics

VII. Application to l"hysical Systems
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J. W. Negele

Approximations
Qualitative features
Fusion

1. The fusion regions

2. Fusion cross sections
Deep inelastic scattering
Fission

1. Semiclassical approximation to induced fission
2. Spontaneous fission

Pion condensation

Spontaneous fission

sponds to two well-separated alpha particles. Thus, al-
though this schematic ®Be calculation plays a useful role
in demonstrating the feasibility of solving the self-
consistent tunneling problem and in developing tech-
niques for heavier systems, it has little direct physical
relevance.
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Semiclassical approximation to induced fission

#ZOREICER

uncertainty in dissipation of the order of the experimen-
tal effect, and the present practical restriction to axial
symmetry thus precludes a quantitative test of the
mean-field theory.
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Boson realizations of Lie algebras with applications to nuclear physics

Abraham Klein
Department of Physics, University of Pennsylvania, Philadelphia, Pennsylvania 19104

E. R. Marshalek

Department of Physics, University of Notre Dame, Notre Dame, Indiana 46556
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G. Do Dang et al. | Physics Reports 335 (2000) 93-274

SELF-CONSISTENT THEORY OF
LARGE-AMPLITUDE COLLECTIVE MOTION:
APPLICATIONS TO APPROXIMATE

OUANTIZATION OF NONSEPARABLE
SYSTEMS AND TO NUCLEAR PHYSICS

Giu DO DANG?, Abraham KLEIN", Niels R. WALET*
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Self-consistent Collective Coordinate (SCC)
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Adiabatic TDHFB (ATDHFB)
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A CHOICE OF THE CONSTRAINING OPERATOR IN THE CONSTRAINED
HARTREE-FOCK METHOD
[ + B> G. HOLZWARTH 1t and T. YUKAWA
o> (1+3xR) | o> Nuclear Physics A219 (1974) 125.

To determine the path # and the unknown weight function F(a) along the path
in the ansatz (2) we consider variations of |)> with respect to both & and F:

|y = J;H?(F (2)+ 6F())|e>doc — J.?F (o)]ee>der.
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184 Supplement of the Progress of Theoretical Physics, Nos. 74 & 75, 1983

Rocky Paths, Dead Ends and Smooth Paths towards
a Theory of Nuclear Collective Motion™

Felix M. H. VILLARS

§ 1. Introduction

This report will be a personal, and somewhat idiosyncratic, presentation
of some selected topics and questions which arise as one studies nuclear collec-

tive motion from a microscopic point of view.

It always appeared to_this author that the proper formulation of a_micro-

Several circumstances contribute to this difficulty.
(FRES)

that much is to be learned vet in the problem of formulating a consistent
] ¢ collect; .
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g band SCCEMDIERRTNH > < IREI~ DE.

16+ 3239,
v band K=4 band
e v .
E (MeV)
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. Oshima et al., Phys. Rev. C 52(1995)3492 ]
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Unified model of Bohr and Mottelson
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After a long history (more than 30 years) ,
a way for wide applications of large-amplitude theory

IS nNow open. 5
0{o(q, plifizy — Hd(q, p)) = 0.

SCC and ATDHF and
guasiparticle SCC ATDHFB
Marumori-Maskawa-Sakata- Villars, Kerman—Koonin, Brink,
Kuriyama, Yamamura, Rowe—Bassermann, Baranger—Veneroni,
Matsuo. Shimizu-Takada Goeke—Reinhard, Bulgac—Klein—Walet,
and mar’ly colleagues, ’ Giannoni—Quentin, Dobacz.ewski—.SkaIski
reviewed in and many colleagues, reviewed in

G. Do Dang, A. Klein and N.R. Walet,
Prog. Theor. Phys. Supplement Phys. Rep. 335 (2000), 93.
141 (2001).
_ iG(g.p)
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n = E(QJFZP)
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moving-frame HFB J5#¢xt
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Collective subspace (q,p) l HFB state
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Advanced theoretical methods and high-performance computers may finally unlock the
secrets of nuclear fission, a fundamental nuclear decay that is of great relevance to society

Microscopic description of nuclear fission

Linear mixing -

Broyden mixing —e—

e~ [T Feagonn 1 * The nuclear many-body problem is difficult =
> :. Barner . . 1t
g ! /\ | * Much of the progress in fission theory has
Ssi ! I8 \ 22Fm been based on phenomenological models L ‘1’ '

I i : ‘. - - - - - e a F
g ! j [, Gecondioue) « This limits our predictive capability S
5 1% / \ /\’)( " 1« .. and makes it difficult to estimate the g E1S
TOl V o i uncertainties “
*g‘ ooy g - 5
-~ - -s ]
8-5 ¢ Qj -7
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Quadrupole moment (b)
é 0 - Fm A. ] |:l
RO /> \o\ 2
= | N €
b~ I i cl
£ 7 5
w | » 4 ) o
o°)>-12 [ ey 241 * There are fundamental_problem-s in fission that cry to o
S ~®- theory be solved. Success will impact:
[ » Basic science (nuclear structure and astrophysics)

144 148 152 156 160
Neutron number N

U.S. DEPARTMENT OF

ENERGY

» Societal applications (energy, defense, environment)

» Fission is a perfect problem for extreme scale computing

» We are developing a microscopic model for fission that will
be predictive and extendable. The figures show progress:

» Calculating pathways and half-lives
» Greatly improving calculation speed

0 20 40 60 80 100 120 140 160

180 200
Number of iterations

154 | 156 | 158 | 160

Neutron number N

“® UNEDF SciDAC Collaboration
Y Universal Nuclear Energy Density Functional



