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Figure 1 (Color online) Schematic diagram of the classification of the-
oretical models of 2p decay, which contain three different aspects: Struc-
ture, three-body properties, and continuum effects

HH: Hyperspherical harmonics

Cl: Configuration interaction (shell model)
DFT: Density functional theory

SMEC: Shell model embedded with continuum
GSM: Gamow shell model

GCC: Gamow coupled channel

TD:Time dependent approach
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Figure 2 (Color online) (a) Jacobi T coordinate in a three-body system;
(b) Jacobi Y coordinate in a three-body system!*!
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Figure 3 (Color online) The calculated 2p density distribution (marked
by contours) and 2p flux (denoted by arrows) in the ground state of *Be
in Jacobi coordinates pp and core-pp. The thick dashed line marks the
inner turning point of the Coulomb-plus-centrifugal barrier. The max-
ima marked by filled and open stars correspond to diproton and cigarlike
structures, respectively>?!
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Figure 4 (Color online) Two-proton angular correlation for the ground
state (g.s.) of *Ni (a) and “’Kr (b) obtained with Minnesota force of
standard strength (solid line) and 50% increased strength (dashed line).
The dotted line marks the angular correlation obtained with the stan-
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Figure S (Color online) (a) The density distributions of two-nucleon de-
cays from the g.s. of oxygen isotopes for four different time slices. (b)
The configuration evolution for 0. The asymptotic correlations are ex-
tracted from the developed resonance peak in the configuration distribu-
tion. The density distributions are shown in the Jacobi-T coordinates, and
multiplied by the polar Jacobi coordinate p. The Jacobi-T configurations
are labeled as (K, £y, {,,S) in momentum space. K is the hyperspherical
quantum number, ¢ is the orbital angular momentum in Jacobi coordinate,

and S is the total spin of valence protons. k = [k2/u, + k}, /1y is the total

momentum and g, (u,) is the reduced mass. The projected contour map
represents the sum of all the configurations, in which the interference fre-
quencies are marked by dotted lines?!!
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The drip line nuclei are weakly bound or unbound open quantum systems. Due to the continuum effect, they exhibit
many exotic structures and radioactivities including halo structures, shell evolution, Thomas-Ehrman shift, and nucleon
radioactivity. Among them, two-proton (2p) emission, observed experimentally in only a few nuclei, is one of the latest and
most concerned decay modes. The study of 2p emission is conducive to understanding the unique structure and proton pair
correlation of proton drip line nuclei. This paper briefly reviews the research progress of 2p emission and introduces several
recently developed theoretical methods. Given the wide range of decay lifetimes and the complexity of the problem, these
theoretical developments are based on different assumptions and focus on various aspects of the internal structure, nucleon-
nucleon correlation, and decay dynamics, which together provide a comprehensive description of 2p decay. Particularly,
the framework of the Gamow coupled-channel (GCC) method and its applications are reviewed. The complex-plane
framework of the GCC method is a few-body model formulated in Jacobi coordinates and constructed using the Berggren
basis. This method emphasizes the three-body properties and continuum effect of two-proton emitters, which has been
widely used to describe the decay properties and nucleon-nucleon correlations. In decay mechanism research, GCC is
used to study the structural evolution of the internal configuration of 2p emitters during decay. Moreover, the configuration
evolution of the internal structure during decay can be analyzed by using the flux current, which shows how the two
valence protons evolve within a given state wave function. With the extension of the GCC method to incorporate nuclear
deformation, the effects of deformation and exotic structures on decay properties and valence nucleon configurations are
more clearly revealed. Meanwhile, nucleon-nucleon correlation is an important feature of three-body decay and has been
shown to reveal the properties of nuclear forces and the properties of various states, which further deepens the interest in 2p
decay. To this end, GCC is applied to study the asymptotic energy and angular correlations of two valence nucleons in 2p
emitters, which reflect information about the structure and reaction of nuclear open quantum systems. Additionally, recent
advancements in time-dependent approaches to 2p decay are discussed. It is an effective strategy to deal with the decay
process, which can solve a broad range of problems including configuration evolution and decay rates in a more accurate
and natural way. The time-dependent method can conveniently study the decay process by solving the wave function
propagated for long durations and the component at the asymptotic region. Therefore, complex three-body dynamics and
structural evolution of the 2p decay could be shown in this framework. These developments can be helpful to gain insight

of open quantum systems and guide future experiments.
nuclei beyond the drip line, two-proton emission, Gamow coupled-channel method, time-dependent approach
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