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Editorial on the Research Topic

Advances in Time-Dependent Methods for Nuclear Structure and Dynamics

Among non-relativistic approaches to nuclear structure and reactions, the time-dependent
Schrödinger equation is the basic equation from which microscopic approaches derive.
Historically, stationary state methods which are not explicitly time-dependent have been
preferred for describing both structure and reactions. One motivation for not directly solving
time-dependent problems has been the computational difficulty, even if the physics case suggests
retaining a time-dependent approach. Over time, such computational barriers have been reduced,
and a general resurgence in time-dependent methods has occurred. In the last decade development of
time-dependent mean-field codes has been substantial. Unrestricted 3D calculations with full
effective interactions are now possible [1, 2], and full treatment of superfluidity at the mean-
field level has been included [3, 4]. These worldwide efforts were a strong motivation to curate this
Special Topic, which was conceived to draw together a snapshot of the current state of the wider field
of time-dependent methods and their application in a broad range of problems in nuclear physics.

The article collection includes reviews as well as original material. Some directly address problems
in the details of specific nuclei and in specific processes, while others deal with general problems, and
general solutions, touching on fields outside nuclear physics.

In their contribution, Tokeida and Hagino address how one deals with open quantum systems.
They start with a phenomenological description based on quantum friction and apply it to heavy-ion
fusion. They then develop a more microscopic approach, based on a system-plus-bath Hamiltonian,
appying it to the Caldeira-Legget model, with a discussion of how a future application to nuclear
collisions could be made. Dinh et al. give a review of applications of time-dependent DFTmethods to
atoms, molecules and atomic clusters, concentrating on issues that are different from typical nuclear
scenarios, but which could be relevant for future applications, such as direct laser-nucleus
interaction [5].

Tohyama presents a review of the time-dependent density matrix method. This goes beyond the
basic self-consistent microsopic approach of time-dependent Hartree-Fock (TDHF) by considering
explicitly higher order terms in the BBGKY hierarchy, and Tohyama shows applications to both
structure (excited vibrational states) and heavy-ion reactions. Also combining structure and reaction
applications is Ebata’s contribution, in which the details of the canonical-basis time-dependent
Hartree-Fock Bogoliubov approach are reviewed and applied to resonances and heavy-ion reactions.
Wang et al.’s review of semiclassical methods based on the time-evolution of the Wigner function
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show calculations of giant resonances, presenting results that
combine dynamics with excited state structures, demonstrating
the importance of nuclear collisions in determining excited state
widths.

The topic of fission is covered in a review by Bulgac et al.,
giving an historical overview of methods used to tackle fission,
details of the current state of the art, and a plan for the future.
Fission is very much a current focus of time-dependent methods,
and the review by Bulgac et al. complements a substantial review
published recently elsewhere [6]. A method for describing
spontaneous fission from a microscopic approach is given in a
review by Sadhukhan. It brings together a WKB-like theory with
Langevin dynamics in a framework suitable for making broad
predictions of fission observables. An original research paper
looking at details of fission is presented by Pancic et al., where the
effect of the choice of underlying nuclear interaction is explored.
A considerable part of the contribution from Verriere and
Regnier concerns fission as described in the time-dependent
generator coordinate method (TD-GCM), though they also
highlight other processes and extensively review the theories
behind different flavors of TD-GCM.

Studies of reaction mechanisms find a natural home in time-
dependent approaches, and several contributions are geared
toward a better understanding of nuclear reactions. The mini-
review of Bao gives a critical analysis of different approaches to
fusion reactions for production of superheavy nuclei; Godbey and
Umar review some of the detailed observables that can be

understood in quasifission reactions using TDHF-based
approaches; Jiang and Wang use a TDHF approach followed
by a statistical model for deexcitation to look at reactions leading
to new neutron rich isotopes.

Using time-dependent methods to link microscopic theories
with collective models is a theme of Wen and Nakatsukasa who
develop a new method to extract collective masses from
microscopic calculations, and also of Washiyama and Sekizawa,
who review the links between microscopic time-dependent
methods and nucleus-nucleus potentials and friction coefficients
in the Dissipation Dynamics-TDHF (DD-TDHF) method.

We mention finally the contribution of Iwata, which brings
ideas from the theory of solitons to throw new light on the
understanding of nuclear reactions making links to ideas perhaps
less familiar in the nuclear theory community.

The response to this special topic has more than matched our
expectations in terms of range and quality of contributions from the
research community. We think it shows amply the strength and
variety of developments and applications of time-dependentmethods
in nuclear physics, and beyond, and hope the resulting collection and
e-book provide a useful reference for future developments.
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