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Nuclear force
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2-body force  3-body force

π

Taketani diagram

Hierarchy of scaling

Realistic interaction: chiral EFT



Nuclear landscape
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Nuclear single-particle levels
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Large energy gaps stabilize
closed shells.

Spin–orbit coupling creates the
familiar magic numbers.

Far from stability, orbital
spacing and correlations
evolve.

D. T. Tran et al., Nat. Commun. 9, 1594 (2018), Fig. 1.

A shell gap is a property of 
an evolving many-body system.

N = 2n + l



Nuclear deformation
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I111I1"nll"'" coefficient a defined as the surface 
Eq. (1.3): 

(J .6) 

account the Coulomb repulsion of the protons. It 
by the charges to be uniformly 

0fJ4!01r.IlD _'_II'1.*,,1 of such a system is propor-
UVI_ to and inversely proportion"al to 

radius. 
Since the protons repel one another, it would be energetically more 

for a nucleus to have only neutrons-if there were no Pauli 
principle. A proton decaying into a neutron must enter a state above the 

Fermi leveJ (see Chap. 2). whicb is energetically unfavored. The 
_n_' .. ",u baLanc.e of tbe neutron excess N - Z is taken care of in the fourth 

of Eq. (1.4), the so-called symmetry energy. It cannot depend on the 
of N Z. In the Fermi gas model [SF 74. p. 127 one can sbow that 

it is proportional to (N - Z)2/ A. The quadratic dependence of the binding 
energy on the proton-neutron mau difference is experimentalJy very wen 
confirmed. Only tbe base of the experimental parabola is different 

to whether we are considering an even-even. even-odd or odd-odd 
nucleus. Tb.is due to the so-called pairing effect, as we shall see in 

6, and is taken care of by the last term in Eq. (1.4). 
Some aspects of the semi-empirical mass formuJa will be discussed again 
Chapter 13 in the context of the Thomas-Fermi approach to nuclear 

pbysics. 
It should be noted that Eq. (L4) gives only an overalJ smooth fit to the 

binding energy as a Function of A, and that locally there are strong 
deviations from it (see Fig. mostly due to sheU effects., which will be 
diJcussed in Section 2.9. 

1.3 Defonnatlon Parameters 

to now, we bave only studied static properties of the Jjquid drop model. 
In the following. we will assume that the nucleus has a sbarp surface· 
which must not necessarily be sphericaJ t and we imagine it to undergo 
dynamical shape or surface oscillations. 

Before we can investigate these oscillations, we have to parametrize the 
in lOme way. One possibility to descnbe it by the length of the 

radius vector pointing from the origin to the surface 

R-R(O,CP)-Ro(I+aoo+ f ± (1.7) 
>t"1 IA--). 

where Ro is the radius of the sphere with tbe same volume. Such a surface 

II Myers and Swiatocki [MS 69. 73) bne given up this UlumpLion and introduoed II. reUDea 
liquid drop model with a diHuse surface, to-called "droplet model" rNi 721. 

Nuclear single-particle levels
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D. T. Tran et al., Nat. Commun. 9, 1594 (2018), Fig. 1.

N = 2n + l
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Spontaneous symmetry breaking
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J. Phys. G 48, 123001 (2021)

The energy surface 
preserves the symmetry.

A chosen minimum selects 
an intrinsic orientation.

Equivalent orientations 
generate collective 
rotational motion.

Conceptual order-parameter diagram
A finite nucleus requires symmetry restoration for states with good angular 
momentum.



Nuclear single-particle levels
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D. T. Tran et al., Nat. Commun. 9, 1594 (2018), Fig. 1.

N = 2n + l
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Figure 4. Nilsson diagram for protons or neutrons, Z, N ≤ 50 (ε4 = 0).
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New physics towards the dripline
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Dripline

Closed quantum system Open quantum system
Discovered 

nuclides

Unknown
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Continuum-impacted phenomena
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Continuum

Exotic structuresRare decay modes

Mirror symmetry breaking

o Halo & clustering
o Deformation
o …

o 2p/2n decays
o Multi-particle emissions
o …



Outline

12

Radius 2
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Introduction 1
l Dripline region
l Continuum coupling

Decay 3
l 2p decay
l pp correlation

Mirror 4
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Contiuum effect
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Halo 
o Weakly bound
o low-l orbital
o Enhanced radius

o Large cross-section
o Narrow p distribution
o E1 response/MSB

I. Tanihata et al., Phys. Rev. Lett. 55, 2676 (1985)
H. Simon et al., Phys. Rev. Lett. 83, 496 (1999)

Cross-section

Momentum
11Li
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Impact of diffused density (halo)
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Y. H. Yang et al., Eur. Phys. J. A 61, 69 (2025)
T. Nakamura et al., Phys. Rev. Lett 96, 252502(2006)
Y. L. Sun et al., Phys. Lett. B 814, 136072 (2021)
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Y. Yu et al., Phys. Rev. Lett. 133, 222501 (2024)

Mirror energy difference
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Contiuum effect
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Halo 
o Weakly bound
o low-l orbital
o Enhanced radius

o Large cross-section
o Narrow p distribution
o E1 response/MSB

9ECT* , 28 June-2 July, 2021

Large enhancement factor for the probability of finding the eigenenergy around 
the threshold

Barker, Proc. Phys. Soc. 84, 681 (1964)
R-matrix in the Lane-Thomas formulation. One level approximation

neutral particles charged particles

F. C. Barker, Proc. Phys. Soc. 84, 681 (1964)

Wigner cusp

Enhancement 
factors
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Radius of the unbound state
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Quantum picture of decay
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E

r0

V(r)

resonance
Ψ!(𝑘, 𝑟) "→$𝐶

% 𝑘 𝐻%(𝑘, 𝑟)
"→$

𝐶% 𝑘 𝑒%&'"
Gamow state

Complex energy plane

G. Gamow, Zeitschrift für Physik 51, 204 (1928)

Resonance spectral function
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Complex radii of particle emitters
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Complex radius of 1p emitter 15F
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Halo-like enhancement
Radius enhanced by the continuum

o Contiuum coupling is enhanced near the threshold.
o Complex radius

Y. R. Lin, SW et al., Phys. Rev. Lett. 136, 122501(2026)
T. Myo and K. Katō, 
Prog. Theor. Exp. Phys. 2014, 083D01 (2014).
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Complex radius of 1p emitter 15F
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Halo-like enhancement
Radius enhanced by the continuum

o Contiuum coupling is enhanced near the threshold.
o Complex radius

Y. R. Lin, SW et al., Phys. Rev. Lett. 136, 122501(2026)
T. Myo and K. Katō, 
Prog. Theor. Exp. Phys. 2014, 083D01 (2014).
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Complex radius of 1p emitter 15F
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o The contribution to the complex radius  from the asymptotic region is largely canceled out.
o The matching point for the complex radius is located inside the barrier.
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Wavefunction & radius integrand at Q = 0.69, 1.40 MeV

Y. R. Lin, SW et al., Phys. Rev. Lett. 136, 122501(2026)
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RMS radius evolution during the decay
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o The density inside ri gradually decreases.
o Beyond ro is the free space for particle emission.

Wavefunction evolution at Q = 0.69, 2.06 MeV
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Y. R. Lin, SW et al., Phys. Rev. Lett. 136, 122501(2026)
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Survival probability
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Classical picture of decay

o Decay rate is a constant in classical decay.
o Memory effect in quantum decay.
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Quantum Zeno effect
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o Decay rate is a constant in classical decay.
o Memory effect in quantum decay.

S. R. Wilkinson et al., Nature 387, 575 (1997)
M. Ji and C. Xu, Chinese Phys. Lett. 38 032301 (2021)

ultra-cold 
sodium atoms

Quantum tunneling
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RMS radius evolution during the decay
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o Initially, the rms radius matches with the complex one.
o There is a plateau for the rms radius at the early stage of the decay due to the quantum Zeno effect.
o For long-lived system, one can extract the radius experimentally.

Radius evolution at Q = 0.69, 2.06 MeV
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Y. R. Lin, SW et al., Phys. Rev. Lett. 136, 122501(2026)
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RMS radius evolution during the decay
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Radius evolution at Q = 0.69, 2.06 MeV
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According to the Ehrenfest theorem,

one can obtain:

where

Y. R. Lin, SW et al., Phys. Rev. Lett. 136, 122501(2026)
o Initially, the rms radius matches with the complex one.
o There is a plateau for the rms radius at the early stage of the decay due to the quantum Zeno effect.
o For long-lived system, one can extract the radius experimentally.

Introduction
Radius
Decay
Mirror

Complex radius
Halo-like enhancement



RMS radius evolution during the decay
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Y. R. Lin, SW et al., Phys. Rev. Lett. 136, 122501(2026)

o Initially, the rms radius matches with the complex one.
o There is a plateau for the rms radius at the early stage of the decay due to the quantum Zeno effect.
o For long-lived system, one can extract the radius experimentally.

According to the Ehrenfest theorem,

one can obtain:

At initial stage with small t

Classical-like acceleration
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Classical-like picture of decay
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According to the Ehrenfest theorem,

one can obtain:

At initial stage with small t

o Initially, the rms radius matches with the complex one.
o There is a plateau for the rms radius at the early stage of the decay due to the quantum Zeno effect.
o For long-lived system, one can extract the radius experimentally.

Classical-like acceleration
Y. R. Lin, SW et al., Phys. Rev. Lett. 136, 122501(2026)
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RMS radius evolution during the decay
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o Initially, the rms radius matches with the complex one.
o There is a plateau for the rms radius at the early stage of the decay due to the quantum Zeno effect.
o For long-lived system, one can extract the radius experimentally.

Radius evolutionDensity evolution

Y. R. Lin, SW et al., Phys. Rev. Lett. 136, 122501(2026)
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Radius enhancement around the dripline
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Radius predictions for 105Sb, 147Tm, and 25O

o The radii of all the dripline systems are enhanced by the continuum. 
o Neutron-rich nuclei are more sensitive to the continuum.

Future test with laser spectroscopy?
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Contiuum effect on electromagnetic transition
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Spectra and B(E2) values of 36,38Ca Density evolution

Z. Xu, SW et al., PRC 112, L011302 (2025).
T. Beck, A. Gade et al., PRC  108, L061301 (2023)
N. Dronchi, D. Weisshaar et al., PRC 107, 034306 (2023)
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Contiuum effect on electromagnetic transition
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Spectra and B(E2) values of 36,38Ca E2 (0+ → 2+) Transition densities

Continuum

Z. Xu, SW et al., PRC 112, L011302 (2025).
T. Beck, A. Gade et al., PRC  108, L061301 (2023)
N. Dronchi, D. Weisshaar et al., PRC 107, 034306 (2023)
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Structure of unbound nuclei
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Decay properties might help
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Outline
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Two-proton (2p) decay
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• 2p decay

45Fe

K. Miernik et al., PRL 99, 192501 (2007)V. Goldansky, NP 19, 482 (1960)

Open quantum
systems

J. Giovinazzo et al., PRL 89, 102501 (2002)Y.B. Zeldovich, Sov. Phys. JETP 11, 812 (1960)
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N

Z
p

6Be

8C

11-12O

15-16Ne

18-19Mg

29-30Ar

13Li

16Be

26,28O

20Al

9N

17Na

Observed 2p & np emitters

37

M. Pfützner, I. Mukha, SW, Prog. Part. Nucl. Phys. 132, 104050 (2023)

SW and Nazarewicz
PRL 126, 142501 (2021)

SW and Nazarewicz
PRL 120, 212502 (2018)

Webb, SW, Brown et al.
PRL 122, 122501 (2019)

Liu, Niu, Brown, Li et al.
PRL 127, 262502 (2021)

Charity, Wylie, SW et al.
PRL 131, 172501 (2023)

Xu, Mukha, Li, SW et al.
PRL 135, 022502 (2025)

A. O. Moral, SW et al. 
PRC 112, L061302 (2025)

Kondo et al.
PRL 116, 102503 (2016)
Nature 620, 965 (2023)

Monteagudo et al.
PRL 132, 082501 (2024)Kohley et al.

PRC 87, 011304 (2013)
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Asymptotic nucleon-nucleon correlation
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K. Miernik et al. PRL 99, 192501 (2007)

45Fe
p-shell

sd-shell

T.B. Webb et al. Phys. Rev. C 100, 024306 (2019)

’
’

Introduction
Radius
Decay
Mirror

2p decay
pp correlation



Structure Asymptotic observables
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“fingerprint”“characteristics”

structure

Decay properties: width,
pairing correlation …

Numerical method

Self-consistent model

Structure Decay & reaction

’

macroscopic distance
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Time dependent (TD) approach

40

SW and W. Nazarewicz, Phys. Rev. Lett. 126, 142501 (2021)

In order to study the dynamics of 2p decay

• Time dependent approach

o Time propagator can be expanded with Chebyshev polynomials.
o Initial wave function is obtained by GCC, which includes configuration mixing and proper asymptote.
o Two-proton wave function has been propagated to over 500 fm.

GCC

Open quantum system
Configuration mixing Correlation

High precision in asymptote
Coulomb field

~500 fm
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Ground-state of 6Be
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SW et al., Phys. Rev. C 99, 054302 (2019)
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Ground-state of 6Be
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SW et al., Phys. Rev. C 99, 054302 (2019)
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Ground-state of 6Be

43

SW et al., Phys. Rev. C 99, 054302 (2019)

Probability current

Introduction
Radius
Decay
Mirror

2p decay
pp correlation



Ground-state of 6Be
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SW et al., Phys. Rev. C 99, 054302 (2019)
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2p decay in 6Be
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Two types of tunneling:
1. diproton (primarily)
2. cigarlike

Diproton branch bends 
due to Coulomb repulsion

Asymptotic correlation 
begin to converge

Protons inside nucleus

SW and W. Nazarewicz, PRL 126, 142501 (2021)
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Decay dynamics depends on pairing
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o The decay dynamics as well as correlation strongly depend on the pairing strength.
o Strong pairing results in a larger decay width, which indicates that pairing will benefit the 2p tunneling.
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Asymptotic correlations
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o Epp and Y-type angular correlations are strongly impacted by nucleon-nucleon interaction.
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Asymptotic correlation of 45Fe and 48Ni
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o Closed shell behavior for 48Ni？
o Discrepancy between correlations and half-lives.

48Ni
Ortega-Moral 2024

Angular correlation of 48Ni

A. O. Moral, SW et al., Phys. Rev. C 112, L061302 (2025)

Half-live of 48Ni

48NiOrtega-Moral
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Perspective: new data are anticipated

49

SW JPG (2026)
SW and W. Nazarewicz, 
PRL 120, 212502 (2018)
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SW et al., J. Phys. G 49, 10LT02 (2022)

Correlations in light-mass nuclei

50

Y. R. Lin in preparation

o 4p (2p+2p) decay of 18Mg.
o Multi-proton emissions.
o Correlation changes when Q → 0.

20Al

B. Monteagudo et al., Phys. Rev. Lett. 132, 082501(2024)

T-type

L. Zhou, SW et al., 
Nucl. Sci. Tech. 35, 107 (2024) 
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Exotic phenomena of 2p decay

51

2p decay

T. Oishi, PLB 862, 139361 (2025)

I. A. Egorova et al., PRL 109, 202502 (2012)

SW et al., PRR 5, 023183 (2023)

E-dependent
nn correlation

Entanglement

Non-exp decay
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Exotic phenomena of 2p decay
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2p decay

I. A. Egorova et al., Phys. Rev. Lett. 109, 202502 (2012)

SW et al., Phys. Rev. Res. 5, 023183 (2023)

E-dependent
nn correlation

Entanglement

Non-exp decay

Z. X. Shen et al., Arxiv 2510.24325
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Outline
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Mirror structure probed by 2p decay
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Thomas-Ehrman effect
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Predicted spectrum and structure of 11O
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T. Webb et al., PRL 122, 122501 (2019)

Calculated spectra of 10N, 11OMeasured spectrum of 11O

o The detected broad peak can be reproduced by four
states rather than one. 

o Mirror systems 11O and 11Li.

Density distributions of 11O and 11Li
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Predicted spectrum and structure of 11O
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SW et al., JPG 49, 10LT02 (2022)

Asymptotic correlation of 11OMeasured spectrum of 11O

o The correlation and updated spectrum suggest multiple 
states in the broad resonance of 11O.

Updated spectrum of 11O

T. Webb et al., PRC 101, 044317 (2020) 

Introduction
Radius
Decay
Mirror

Thomas-Ehrman effect
Mirror symmetry breaking



Ground-state mirror symmetry violation

57

16N-16F (2--0-)
D. Hoff, A. Rogers, SW et al., Nature 580, 52 (2020)I. Stefan et al., PRC 90, 014307 (2014)

73Sr-73Br (5/2--1/2-)

Thomas-Ehrman effect
Mirror symmetry breaking
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Broad region of GMSV
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Extract spin/structure from correlation

Thomas-Ehrman effect
Mirror symmetry breaking
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Thank you for your attention!
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Summary

• Continuum effects in open quantum systems
o Complex radius
o 2p decay
o Nucleon-nucleon correlations
o Connection between structure and decay 

properties
o Z. C. Xu
o M. Pfützner
o R. J. Charity
o A. Volya
…



Questions

Thank you for your attention!

1. What’s the meaning of the real and imaginary parts of complex radius?

2. What’s the difference between 2p and 2n decay?

3. Correlations evolutions during the decay process

4. Any simultaneous multi-particle emissions? 

5. Does decay dynamics depends on the production?

6. Entanglement evolution during the decay.

7. Other ways to extract mirror symmetry breaking.



Outline
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Radius 2
l Complex radius
l Halo-like enhancement

Introduction 1
l Dripline region
l Continuum effect

Spectroscopy 3
l E2 transition

Decay 4
l 2p/2n decay
l nn correlation



Rich phenomena towards the dripline

62

o Halo & clustering
o Exotic decay
o New magic number
o …

Dripline

Closed quantum system Open quantum system
Discovered 

nuclides

Unknown
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Contiuum effect
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Halo 
o Weakly bound
o low-l orbital
o Enhanced radius

o Large cross-section
o Narrow p distribution
o E1 response/MSB

9ECT* , 28 June-2 July, 2021

Large enhancement factor for the probability of finding the eigenenergy around 
the threshold

Barker, Proc. Phys. Soc. 84, 681 (1964)
R-matrix in the Lane-Thomas formulation. One level approximation

neutral particles charged particles

F. C. Barker, Proc. Phys. Soc. 84, 681 (1964)

Wigner cusp

Enhancement 
factors
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Radius of the unbound state
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Quantum picture of decay
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E

r0

V(r)

resonance
Ψ!(𝑘, 𝑟) "→$𝐶

% 𝑘 𝐻%(𝑘, 𝑟)
"→$

𝐶% 𝑘 𝑒%&'"
Gamow state

Complex energy plane

G. Gamow, Zeitschrift für Physik 51, 204 (1928)

Resonance spectral function
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Complex radius of 1p emitter 15F
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Halo-like enhancement
Radius enhanced by the continuum

o Contiuum coupling is enhanced near the threshold.
o Complex radius

Y. R. Lin, SW et al., Arxiv 2511.10238, PRL accepted
T. Myo and K. Katō, 
Prog. Theor. Exp. Phys. 2014, 083D01 (2014).
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Complex radius of 1p emitter 15F
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Y. R. Lin, SW et al., Arxiv 2511.10238, PRL accepted
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Halo-like enhancement

o The contribution to the complex radius  from the asymptotic region is largely canceled out.
o The match point for the complex radius is located inside the barrier.
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Contiuum effect on electromagnetic transition
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2 4 6 8
r (fm)

0.0

0.5

1.0

0.0

0.5

1.0
(a)GSM

(b)  SM

38Ca
36Ca

Spectra and B(E2) values of 36,38Ca E2 (0+ → 2+) Transition densities

Z. Xu, SW et al., Phys. Rev. C  112, L011302 (2025).
T. Beck, A. Gade et al., Phys. Rev. C  108, L061301 (2023)
N. Dronchi, D. Weisshaar et al., Phys. Rev. C 107, 034306 (2023)

Continuum
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Contiuum effect on spectroscopic factor
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Spectra and B(E2) values of 36,38Ca Cross-shell excitations

o Continuum enhances the cross-shell effect.
o p wave is strongly impacted by the continuum.

Z. Xu, SW et al., Phys. Rev. C  112, L011302 (2025)
J. Wylie et al., Phys. Rev. C  104, L061301
M. R. Xie et al., Phys. Rev. C  110, 054301 (2024)
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Exotic two-proton (2p) decay
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• 2p decay

45Fe

K. Miernik et al., Phys. Rev. Lett. 99, 192501 (2007)V. Goldansky, Nucl. Phys. 19, 482 (1960)

Open quantum
systems

J. Giovinazzo et al., Phys. Rev. Lett. 89, 102501 (2002)Y.B. Zeldovich, Sov. Phys. JETP 11, 812 (1960)
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N

Z
p

6Be

8C

11-12O

15-16Ne

18-19Mg

29-30Ar

13Li

16Be

26,28O

20Al

9N

17Na

Observed 2p & np emitters

72

M. Pfützner, I. Mukha, SW, Prog. Part. Nucl. Phys. 132, 104050 (2023)

SW and Nazarewicz
PRL 126, 142501 (2021)

SW and Nazarewicz
PRL 120, 212502 (2018)

Webb, SW, Brown et al.
PRL 122, 122501 (2019)

Liu, Niu, Brown, Li et al.
PRL 127, 262502 (2021)

Charity, Wylie, SW et al.
PRL 131, 172501 (2023)

Xu, Mukha, Li, SW et al.
PRL 135, 022502 (2025)

A. O. Moral, SW et al. 
PRC 112, L061302 (2025)

Kondo et al.
PRL 116, 102503 (2016)
Nature 620, 965 (2023)

Monteagudo et al.
PRL 132, 082501 (2024)Kohley et al.

PRC 87, 011304 (2013)
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Asymptotic nucleon-nucleon correlation
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K. Miernik et al. PRL 99, 192501 (2007)

45Fe
p-shell

sd-shell

T.B. Webb et al. Phys. Rev. C 100, 024306 (2019)

’
’

Introduction
Radius

Spectroscopy
Decay

2p/2n decay
Correlations



Time dependent (TD) approach
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SW and W. Nazarewicz, Phys. Rev. Lett. 126, 142501 (2021)

In order to study the dynamics of 2p decay

• Time dependent approach

o Time propagator can be expanded with Chebyshev polynomials.
o Initial wave function is obtained by GCC, which includes configuration mixing and proper asymptote.
o Two-proton wave function has been propagated to over 500 fm.

GCC

Open quantum system
Configuration mixing Correlation

High precision in asymptote
Coulomb field

~500 fm
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Ground-state of 6Be
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SW et al., Phys. Rev. C 99, 054302 (2019)



Ground-state of 6Be
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SW et al., Phys. Rev. C 99, 054302 (2019)



Ground-state of 6Be
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SW et al., Phys. Rev. C 99, 054302 (2019)

Probability current



Ground-state of 6Be
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SW et al., Phys. Rev. C 99, 054302 (2019)



2p decay in 6Be
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Two types of tunneling:
1. diproton (primarily)
2. cigarlike

Diproton branch bends 
due to Coulomb repulsion

Asymptotic correlation 
begin to converge

Protons inside nucleus

SW and W. Nazarewicz, Phys. Rev. Lett. 126, 142501 (2021)
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Decay dynamics depends on pairing
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o The decay dynamics as well as correlation strongly depend on the pairing strength.
o Strong pairing results in a larger decay width, which indicates that pairing will benefit the 2p tunneling.
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Asymptotic correlations
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o Epp and Y-type angular correlations are strongly impacted by nucleon-nucleon interaction.

Introduction
Radius

Spectroscopy
Decay

2p/2n decay
Correlations



Structure Asymptotic observables
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“fingerprint”“characteristics”

structure
pairing correlation

Numerical method

Self-consistent model

K. Miernik et al., Phys. Rev. Lett. 
99, 192501 (2007)

Structure Decay & reaction

’

macroscopic distance
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Exotic phenomena of 2p decay
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2p decay

T. Oishi, Phys. Lett. B 862, 139361 (2025)

I. A. Egorova et al., Phys. Rev. Lett. 109, 202502 (2012)

SW et al., Phys. Rev. Res. 5, 023183 (2023)

E-dependent
nn correlation

Entanglement

Non-exp decay
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Exotic phenomena of 2p decay
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2p decay

I. A. Egorova et al., Phys. Rev. Lett. 109, 202502 (2012)

SW et al., Phys. Rev. Res. 5, 023183 (2023)

E-dependent
nn correlation

Entanglement

Non-exp decay
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Z. X. Shen et al., Arxiv 2510.24325



Correlations in heavy-mass nuclei
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Asymptotic correlation of 45Fe and 48Ni

86

o Closed shell behavior for 48Ni？
o Discrepancy between correlations and half-lives.

48Ni
Ortega-Moral 2024

Angular correlation of 48Ni

A. O. Moral, SW et al., Phys. Rev. C 112, L061302 (2025)

Half-live of 48Ni

48NiOrtega-Moral
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SW et al., J. Phys. G 49, 10LT02 (2022)

Correlations in light-mass nuclei

87

Y. R. Lin in preparation

o 4p (2p+2p) decay of 18Mg.
o Multi-proton emissions.
o Correlation changes when Q → 0.

20Al

B. Monteagudo et al., Phys. Rev. Lett. 132, 082501(2024)

T-type

L. Zhou, SW et al., 
Nucl. Sci. Tech. 35, 107 (2024) 
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28O:
  

2n/4n decay candidate 26O/ 28O

88

26O:
             E. Lunderberg et al., PRL 108, 142503 (2012)

             Z. Kohley et al., PRL 91, 034323 (2015)

            Y. Kondo et al., PRL 116, 102503 (2016)

Y. Kondo et al., Nature 620, 965 (2023)
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Inner structure of 26,28O
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Calculated density distribution of 26O

o Threshold resonance:
             E. Lunderberg et al., PRL 108, 142503 (2012)

             Z. Kohley et al., PRL 91, 034323 (2015)

            Y. Kondo et al., PRL 116, 102503 (2016)
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Decay dynamics of 26O
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o Threshold resonance:
             E. Lunderberg et al., PRL 108, 142503 (2012)

             Z. Kohley et al., PRL 91, 034323 (2015)

            Y. Kondo et al., PRL 116, 102503 (2016)
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Asymptotic correlations of 26O

91

o Threshold resonance:
             E. Lunderberg et al., PRL 108, 142503 (2012)

             Z. Kohley et al., PRL 91, 034323 (2015)

            Y. Kondo et al., PRL 116, 102503 (2016)

o nn correlations can be very different between 26O and 28O

Unitary limit
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Exotic threshold resonance in 17B
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Partial decay widthsSpectra of 15,16,17B

o The excited states of 17B have been observed, along with the 𝛾 decays.
o Through the branching analysis, this newly observed state is extremely close to the threshold.

𝛾
𝛾

J. P. Linares Fernandez, Phd thesis (2023)
 Z. H. Yang et al., Phys. Rev. Lett. 126, 082501 (2021) A. Volya, SW et al., Phys. Rev. Res. 8, 013125 (2026)
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L = 2 2n decay
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A. Volya, SW et al., Phys. Rev. Res. Accepted (2025)

o Compared with L = 0 2n decay, 17B 2n
decay has a different patten.

o nn correlation is sensitive to structure.
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Spectroscopic factors of 17B

94

Correlations for mid-heavy two-proton emitters

S. M. Wang (猡怡攡) ID 1, 2

1Key Laboratory of Nuclear Physics and Ion-beam Application (MOE),
Institute of Modern Physics, Fudan University, Shanghai 200433, China

2Shanghai Research Center for Theoretical Nuclear Physics,
NSFC and Fudan University, Shanghai 200438, China

(Dated: January 12, 2026)

Pairing correlations, a well-established quantum phenomenon in interacting Fermionic systems,
are critical for understanding the dynamics of multi-particle emission from nuclei beyond the dripline.
Such emissions, in turn, reveal crucial insights into the underlying structural characteristics of atomic
nuclei. Although direct two-proton radioactivity has been measured in several mid-heavy nuclei,
including 45Fe, 48Ni, 54Zn, and 67Kr, there remains an appreciable dearth of comprehensive corre-
lation information pertaining to the emitted valence protons in many of these systems. The current
research is trying to address this problem by investigating asymptotic proton-proton correlations in
mid-heavy two-proton emitters using the three-body Gamow coupled-channel method. The results
indicate a systematic evolution of these correlations with increasing atomic number of the emitter.
Furthermore, the analysis establishes a firm connection between the asymptotic correlation patterns
and key structural properties, such as nuclear deformation and the evolution of the valence-proton
configurations.

I. Introduction

Venturing beyond the drip lines into the realm of spon-
taneous particle emissions unveils a fascinating frontier
of nuclear physics [1]. This phenomenon is particularly
pronounced in the domain of light to mid-heavy atomic
nuclei situated beyond the proton dripline, where the ex-
istence of these nuclei has been pushed towards the limits
of stability [2–5]. In addition to well-documented one-
proton (1p) decay, a noteworthy occurrence is the obser-
vation of two-proton (2p) radioactivity in a handful of
unbound rare isotopes, as indicated by Refs [6–13]. Fur-
thermore, the recent discovery of multi-proton emissions
[13–18], including the so-far the most extreme case, a five-
proton emitter 9N [19], has added a new dimension to our
understanding of nuclear decay processes. The intricacies
of the decay process are undeniably multifaceted, exhibit-
ing variations from one system to another. It is evident
that these processes are strongly governed by nucleon-
nucleon correlations [20–26], wherein each decay event
reveals a di!erent nuclide through the emission of single
or pairs of protons. While the significance of correlations
in many-body nuclear systems is widely acknowledged, a
critical knowledge gap persists regarding the direct link-
age between structural information and the asymptotic
correlations that can be directly measured through the
emitted valence nucleons. This poses a big challenge to
both experimental and theoretical investigations in the
field of nuclear physics.

The extensive lifetime associated with 2p decay re-
sults in the utilization of distinct experimental techniques
[6, 7, 9–11, 13]. In contrast to the case of light 2p emit-
ters characterized by relatively modest Coulomb barriers
and short lifespans, the long-lived mid-heavy 2p emitters
merit a comprehensive investigation approach involving
projectile fragmentation, subsequent in-flight separation,
and precise identification. This method exhibits a high
degree of sensitivity and e"ciency and has thus far fa-

TABLE I. Spectroscopic factors for the sequential decay path
17B (1/2→) → 16B → 15B (3/2→). Columns list candidate
intermediate states in 16B. Each cell shows GSM (top) and
SM (bottom).

16B intermediate state J
ω

Block ω 0→ 3→ 2→ 1→ 4→

Ex (MeV) 1.48
0.29

0.00
0.00

0.14
0.38

2.75
1.72

1.03
1.27

17B → 16B
s

0.34
0.69 — — 0.21

0.04 —

d — 0.11
0.33

0.31
0.47

0.03
0.00 —

16B → 15Bg.s.
s — — 0.00

0.58
0.18
0.54 —

d
0.08
0.08

0.42
0.53

0.60
0.40

0.51
0.27

0.74
0.74

17B(p, pn)
s — — 0.07

0.15
0.04
0.04 —

d
0.01
0.02

0.86
0.75

0.60
0.10

0.12
0.04

0.68
0.51

17C(p, 2p) p
0.22
0.95

0.76
0.40

0.28
0.02

0.37
0.31 —

— indicates negligible/forbidden contribution. Reaction-related
rows follow Refs. [? ? ].

cilitated the discovery of all ground-state mid-heavy 2p
emitters. Remarkably, except for 45Fe [27, 28], which
represents the first direct measurement of 2p decay [29]
while providing insights into the diproton decay mecha-
nism via nucleon-nucleon correlation [20, 30], there exist
only three known mid-heavy 2p emitters (48Ni [31–33],
54Zn [34, 35], and 67Kr [36]), although there are many
candidates have been predicted [37–40]. These nuclei ei-
ther lack data concerning correlation or possess correla-
tion measurements characterized by insu"cient statisti-
cal significance. Consequently, there is a compelling im-

dynamics plus generator coordinate method (AMD) cal-
culation using the Gogny D1S interaction [43,74];
(iv) Gamow shell model (GSM) calculation with a 10He
core [75–77]. All partial waves up to l ¼ 3 were included
for the valence neutrons, while p3=2 and p1=2 basis states
were included for the well-bound valence protons. For the
two-body force we adopted the Minnesota force [78], and
the one-body force was modeled with a Woods-Saxon
potential with the potential parameters adjusted to repro-
duce the separation energies and low-lying states of 14B
and 15B.
Given that the spin parity (Jπ) of 17Bðg:sÞ is 3=2−, Jπ of

the two 1s1=2-associated states (0.183 and 2.8 MeV) should
be either 1− or 2−, while the other two non-1s1=2 states
should be more likely 3− or 4−. Tentative assignments of Jπ

can thus be made, as shown in Fig. 3. Though predicted as
the ground state by SM, AMD, and VS-IMSRG, 0− should
be safely excluded for the 0.046-MeV state, because of the
small spectroscopic factors (< 0.03) predicted by these
models.
In order to analyze the momentum distribution of the

knocked-out neutron and extract the 0d5=2 and 1s1=2
spectroscopic factors in 17B, we carried out the distorted-
wave impulse approximation (DWIA) calculation [79].
This model has recently been applied in several ðp; pnÞ

and ðp; 2pÞ experiments [32,33,80–86]. The single-particle
wave function and the nuclear density were obtained using
the Bohr-Mottelson potential [87]. The optical potentials
for the distorted waves in the initial and final channels were
constructed with the microscopic folding model [88] using
the Melbourne g-matrix interaction [89] with the spin-orbit
component disregarded. For the p − n interaction, the
Franey-Love effective interaction [90] was adopted.
DWIA calculations were performed separately for all
reaction channels listed in Table I, taking into account
Ed of 16B.
Figure 4 shows the transverse momentum (Px) distribu-

tions, together with DWIA calculated curves for 1s1=2
and 0d5=2 knockout after folding in the experimental
resolution (FWHM) of 45 MeV=c. For the 0.046-MeV
state (0 MeV ≤ Erel ≤ 0.1 MeV) and the 1.08-MeV state
(0.9 MeV ≤ Erel ≤ 1.3 MeV), the data can be well

FIG. 2. (a) 16B Erel spectra gated by 0 MeV=c ≤ P ≤
60 MeV=c (red) and 60 MeV=c ≤ P ≤ 160 MeV=c (blue) in
comparison to the inclusive one (black). (b) Ratios of the
momentum-gated spectrum to the inclusive one. The gray dashed
line, with a constant value of 1, stands for the scenario that the
entire spectrum is associated with knockout of 0d5=2 neutrons.
(c) The fitting with a sum of four resonances. The inset is an
enlarged view of the 0–1 MeV region.

FIG. 3. Observed 16B states compared to GSM, VS-IMSRG,
AMD, and SM calculations. The 1n-separation energies are
shown in parentheses (in MeV).
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FIG. 4. Transverse momentum (Px) distributions for different
16B states. The vertical error bars stand for the statistical error,
while the horizontal for the bin size. In (a) and (b), DWIA
calculated curves for knockout of 1s1=2 (red dashed) and 0d5=2
(black dotted) neutrons are normalized to the peak of the
experimental spectrum; in (c) and (d), the blue solid curves
represent the fitting with a combination of 1s1=2 (red dashed) and
0d5=2 (black dotted). All DWIA curves have been convoluted
with the experimental resolution.

PHYSICAL REVIEW LETTERS 126, 082501 (2021)
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o 17B has large s-wave component.
o Knockout might not result in s-wave

neutrons due the spectroscopic factor.

Z. H. Yang et al., Phys. Rev. Lett. 126, 082501 (2021)

A. Volya, SW et al., Phys. Rev. Res. 8, 013125 (2026)
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Summary

• Continuum effects in open quantum systems
o Complex radius
o Electromagnetic transitions
o 2p/2n decay

• Nucleon-nucleon correlations
o Connection to nuclear inner structure
o Ability to reveal 2p/2n decay mechanism

o W. Nazarewicz 
o M. Pfützner
o R. J. Charity
o A. Volya
…



Thank you for your attention!

Questions
1. What’s the difference between 2p and 2n decay?

2. Difference between complex scaling and Berggren basis?

3. Correlations evolutions during the decay process

4. Any simultaneous multi-particle emissions? 

5. Does decay dynamics depends on the production?

6. Entanglement evolution during the decay
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Correlations for mid-heavy two-proton emitters

S. M. Wang (猡怡攡) ID 1, 2

1Key Laboratory of Nuclear Physics and Ion-beam Application (MOE),
Institute of Modern Physics, Fudan University, Shanghai 200433, China

2Shanghai Research Center for Theoretical Nuclear Physics,
NSFC and Fudan University, Shanghai 200438, China

(Dated: January 12, 2026)

Pairing correlations, a well-established quantum phenomenon in interacting Fermionic systems,
are critical for understanding the dynamics of multi-particle emission from nuclei beyond the dripline.
Such emissions, in turn, reveal crucial insights into the underlying structural characteristics of atomic
nuclei. Although direct two-proton radioactivity has been measured in several mid-heavy nuclei,
including 45Fe, 48Ni, 54Zn, and 67Kr, there remains an appreciable dearth of comprehensive corre-
lation information pertaining to the emitted valence protons in many of these systems. The current
research is trying to address this problem by investigating asymptotic proton-proton correlations in
mid-heavy two-proton emitters using the three-body Gamow coupled-channel method. The results
indicate a systematic evolution of these correlations with increasing atomic number of the emitter.
Furthermore, the analysis establishes a firm connection between the asymptotic correlation patterns
and key structural properties, such as nuclear deformation and the evolution of the valence-proton
configurations.

I. Introduction

Venturing beyond the drip lines into the realm of spon-
taneous particle emissions unveils a fascinating frontier
of nuclear physics [1]. This phenomenon is particularly
pronounced in the domain of light to mid-heavy atomic
nuclei situated beyond the proton dripline, where the ex-
istence of these nuclei has been pushed towards the limits
of stability [2–5]. In addition to well-documented one-
proton (1p) decay, a noteworthy occurrence is the obser-
vation of two-proton (2p) radioactivity in a handful of
unbound rare isotopes, as indicated by Refs [6–13]. Fur-
thermore, the recent discovery of multi-proton emissions
[13–18], including the so-far the most extreme case, a five-
proton emitter 9N [19], has added a new dimension to our
understanding of nuclear decay processes. The intricacies
of the decay process are undeniably multifaceted, exhibit-
ing variations from one system to another. It is evident
that these processes are strongly governed by nucleon-
nucleon correlations [20–26], wherein each decay event
reveals a di!erent nuclide through the emission of single
or pairs of protons. While the significance of correlations
in many-body nuclear systems is widely acknowledged, a
critical knowledge gap persists regarding the direct link-
age between structural information and the asymptotic
correlations that can be directly measured through the
emitted valence nucleons. This poses a big challenge to
both experimental and theoretical investigations in the
field of nuclear physics.

The extensive lifetime associated with 2p decay re-
sults in the utilization of distinct experimental techniques
[6, 7, 9–11, 13]. In contrast to the case of light 2p emit-
ters characterized by relatively modest Coulomb barriers
and short lifespans, the long-lived mid-heavy 2p emitters
merit a comprehensive investigation approach involving
projectile fragmentation, subsequent in-flight separation,
and precise identification. This method exhibits a high
degree of sensitivity and e"ciency and has thus far fa-

TABLE I. Spectroscopic factors for the sequential decay path
17B (1/2→) → 16B → 15B (3/2→). Columns list candidate
intermediate states in 16B. Each cell shows GSM (top) and
SM (bottom).

16B intermediate state J
ω

Block ω 0→ 3→ 2→ 1→ 4→

Ex (MeV) 1.48
0.29

0.00
0.00

0.14
0.38

2.75
1.72

1.03
1.27

17B → 16B
s

0.34
0.69 — — 0.21

0.04 —

d — 0.11
0.33

0.31
0.47

0.03
0.00 —

16B → 15Bg.s.
s — — 0.00

0.58
0.18
0.54 —

d
0.08
0.08

0.42
0.53

0.60
0.40

0.51
0.27

0.74
0.74

17B(p, pn)
s — — 0.07

0.15
0.04
0.04 —

d
0.01
0.02

0.86
0.75

0.60
0.10

0.12
0.04

0.68
0.51

17C(p, 2p) p
0.22
0.95

0.76
0.40

0.28
0.02

0.37
0.31 —

— indicates negligible/forbidden contribution. Reaction-related
rows follow Refs. [? ? ].

cilitated the discovery of all ground-state mid-heavy 2p
emitters. Remarkably, except for 45Fe [27, 28], which
represents the first direct measurement of 2p decay [29]
while providing insights into the diproton decay mecha-
nism via nucleon-nucleon correlation [20, 30], there exist
only three known mid-heavy 2p emitters (48Ni [31–33],
54Zn [34, 35], and 67Kr [36]), although there are many
candidates have been predicted [37–40]. These nuclei ei-
ther lack data concerning correlation or possess correla-
tion measurements characterized by insu"cient statisti-
cal significance. Consequently, there is a compelling im-

dynamics plus generator coordinate method (AMD) cal-
culation using the Gogny D1S interaction [43,74];
(iv) Gamow shell model (GSM) calculation with a 10He
core [75–77]. All partial waves up to l ¼ 3 were included
for the valence neutrons, while p3=2 and p1=2 basis states
were included for the well-bound valence protons. For the
two-body force we adopted the Minnesota force [78], and
the one-body force was modeled with a Woods-Saxon
potential with the potential parameters adjusted to repro-
duce the separation energies and low-lying states of 14B
and 15B.
Given that the spin parity (Jπ) of 17Bðg:sÞ is 3=2−, Jπ of

the two 1s1=2-associated states (0.183 and 2.8 MeV) should
be either 1− or 2−, while the other two non-1s1=2 states
should be more likely 3− or 4−. Tentative assignments of Jπ

can thus be made, as shown in Fig. 3. Though predicted as
the ground state by SM, AMD, and VS-IMSRG, 0− should
be safely excluded for the 0.046-MeV state, because of the
small spectroscopic factors (< 0.03) predicted by these
models.
In order to analyze the momentum distribution of the

knocked-out neutron and extract the 0d5=2 and 1s1=2
spectroscopic factors in 17B, we carried out the distorted-
wave impulse approximation (DWIA) calculation [79].
This model has recently been applied in several ðp; pnÞ

and ðp; 2pÞ experiments [32,33,80–86]. The single-particle
wave function and the nuclear density were obtained using
the Bohr-Mottelson potential [87]. The optical potentials
for the distorted waves in the initial and final channels were
constructed with the microscopic folding model [88] using
the Melbourne g-matrix interaction [89] with the spin-orbit
component disregarded. For the p − n interaction, the
Franey-Love effective interaction [90] was adopted.
DWIA calculations were performed separately for all
reaction channels listed in Table I, taking into account
Ed of 16B.
Figure 4 shows the transverse momentum (Px) distribu-

tions, together with DWIA calculated curves for 1s1=2
and 0d5=2 knockout after folding in the experimental
resolution (FWHM) of 45 MeV=c. For the 0.046-MeV
state (0 MeV ≤ Erel ≤ 0.1 MeV) and the 1.08-MeV state
(0.9 MeV ≤ Erel ≤ 1.3 MeV), the data can be well

FIG. 2. (a) 16B Erel spectra gated by 0 MeV=c ≤ P ≤
60 MeV=c (red) and 60 MeV=c ≤ P ≤ 160 MeV=c (blue) in
comparison to the inclusive one (black). (b) Ratios of the
momentum-gated spectrum to the inclusive one. The gray dashed
line, with a constant value of 1, stands for the scenario that the
entire spectrum is associated with knockout of 0d5=2 neutrons.
(c) The fitting with a sum of four resonances. The inset is an
enlarged view of the 0–1 MeV region.

FIG. 3. Observed 16B states compared to GSM, VS-IMSRG,
AMD, and SM calculations. The 1n-separation energies are
shown in parentheses (in MeV).
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FIG. 4. Transverse momentum (Px) distributions for different
16B states. The vertical error bars stand for the statistical error,
while the horizontal for the bin size. In (a) and (b), DWIA
calculated curves for knockout of 1s1=2 (red dashed) and 0d5=2
(black dotted) neutrons are normalized to the peak of the
experimental spectrum; in (c) and (d), the blue solid curves
represent the fitting with a combination of 1s1=2 (red dashed) and
0d5=2 (black dotted). All DWIA curves have been convoluted
with the experimental resolution.
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o 17B has large s-wave component.
o Knockout might not result in s-wave

neutrons due the spectroscopic factor.

Z. H. Yang et al., Phys. Rev. Lett. 126, 082501 (2021)
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Summary: selected progresses in multi-p decay
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Complex radii of particle emitters
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Decay property of 54mNi
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J. Giovinazzo et al., Nat. Comm. 12, 4805 (2021)

See D. Rudolph’s talk
~ ps

> Gs

o Lifetime strongly depends on the decay energy and channels.
o Branching ratio is less than 10-21 for 2p decay. 
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Correlations of light-mass nuclei
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Experimental candidate
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G. Kuechler et al., Z. Phys. A 326, 447454 (1987)
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1/2+ excited state

o Non-exponential decay can be studied through the asymmetric spectral function 
o High resolution data are anticipated



Near-lying resonances with the same spin
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(p, p)

(d, d)

Introduction
Method

Post-exponential decay

Threshold resonance
Three-body decay
Near-lying resonances



Ground-state of 6Be

105

SW et al., Phys. Rev. C 99, 054302 (2019)
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Ground-state of 6Be
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SW et al., Phys. Rev. C 99, 054302 (2019)

Probability current
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Ground-state of 6Be
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SW et al., Phys. Rev. C 99, 054302 (2019)
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Virtual transition
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SW, W. Nazarewicz, A. Volya, and Y.G. Ma, Phys. Rev. Res. 5, 023183 (2023)
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Probe non-exponential decay experimentally
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S. R. Wilkinson et al., Nature 387, 575 (1997)

E. B. Norman et al., Phys. Rev. Lett. 60, 2246 (1988)

ultra-cold 
sodium atoms

56Mn

Initial stage Long-time period

The objective of this work is to offer experimentally 
accessible scenarios to probe post-exponential decay.
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Complex radius of 1p emitter 15F
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o The contribution to the complex radius  from the asymptotic region is largely canceled out.
o The match point for the complex radius is located inside the barrier.
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RMS radius evolution during the decay
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o Initially, the rms radius matches with the complex one.
o There is a plateau for the rms radius at the early stage of the decay due to the quantum Zeno effect.
o For long-lived system, one can extract the radius experimentally.

Radius evolution at Q = 0.69, 2.06 MeV
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Radius enhancement around the dripline
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o The radii of all the dripline systems are enhanced by the continuum. 
o Neutron-rich nuclei are more sensitive to the continuum.
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RMS radius evolution during the decay
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o The density inside ri gradually decreases.
o Beyond ro is the free space for particle emission.

Wavefunction evolution at Q = 0.69, 2.06 MeV
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Quantum Zeno effect
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Classical picture of decay

o Decay rate is a constant in classical decay.
o Memory effect in quantum decay.

S. R. Wilkinson et al., Nature 387, 575 (1997)
M. Ji and C. Xu, Chinese Phys. Lett. 38 032301 (2021)

ultra-cold 
sodium atoms

Quantum tunneling
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RMS radius evolution during the decay
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o Initially, the rms radius matches with the complex one.
o There is a plateau for the rms radius at the early stage of the decay due to the quantum Zeno effect.
o For long-lived system, one can extract the radius experimentally.

Radius evolution at Q = 0.69, 2.06 MeV
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Short & mid long range correlations
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Y. H. Yang et al., Eur. Phys. J. A
T. Nakamura et al., Phys. Rev. Lett 96, 252502(2006)
Y. L. Sun et al., Phys. Lett. B 814, 136072
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Halo structure in 22Al?
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Spectroscopy of 22Al and 22F Density

Z. C. Xu, H. Y. Shang, SW, and Y. G. Ma, Phys. Rev. C (Letter) accepted
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Summary: selected progresses in multi-p decay
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Energy dependence of the correlation in 6Be

120

I. A. Egorova et al., Phys. Rev. Lett. 109, 202502 (2012)

E

o Deviates from Breit-Wigner due to the threshold proximity.
o The threshold effect is channel-dependent.
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Energy dependence of the correlation in 6Be

121

SW, W. Nazarewicz, A. Volya, and Y.G. Ma, Phys. Rev. Res. 5, 023183 (2023)

o The weights of different components change as energy increases.
o Result in a energy-dependent correlation.
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Non-exponential decay
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Complex-energy
Gamow state

Expanded on harmonic
oscillator basis

Survival probability

Spectral function

o The time evolution of a resonance contains exponential (resonant) and powered (scattering) decays.
o When the decay width is large enough, scattering feature is dominated.

SW, W. Nazarewicz, A. Volya, and Y.G. Ma, Phys. Rev. Res. 5, 023183 (2023)
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Configuration evolution of 6Be
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SW and W. Nazarewicz, Phys. Rev. Lett. 126, 142501 (2021)

Jacobi

Single-particle

(0, 0)

= s, p, d …

=

o p wave gradually transfers to s wave.
o The formation of diproton benefits tunneling process.

Kinetic energy:
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Configuration evolution of 6Be
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S. Z. Xin et al., Arxiv 2510.24325 (2025)  

o p wave gradually transfers to s wave.
o The formation of diproton benefits tunneling process.

Kinetic energy:
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2p/2n decay

125

2p decay 2n decay
Mirror?

o The symmetry and asymmetry between 2p and 2n decays.
o Candidates: 16Be, 26O, 14Be* …
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Time evolution of 6He’
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6He’
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Evolution of 2p/2n correlations
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(T-type)

o pp: subthreshold resonance               L.P. Kok, PRL 45, 427 (1980)

          k = 0.0647-i0.0870 fm-1; E = -140 keV; G = 934 keV
o nn: antibound state, k = -i0.0559(33) fm-1    V.A. Babenko, PAN 76, 684 (2013)
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2n decay of 14,16Be
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0+2+
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Structure and and correlation of 16Be

129

J. Casal et al., Phys. Rev. C 99, 014604 (2019)
A. E. Lovell et al., Phys. Rev. C 95, 034605 (2017)

Density distribution of 16Be nn energy correlation

B. Monteagudo, J. Casal et al., Phys. Rev. Lett. 132, 082501(2024)

o The inner structure of 16Be is dominated by d-wave component.
o Asymptotic correlation indicates s-wave component.
o pp & nn correlations of sd-shell nuclei.
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Impact of deformation

130

Decay widths and configurations of 16Benn energy correlation of 16Be

o In spherical case, s1/2 orbital is occupied by the core due to the halo structure.
o Deformation causes the mixing among different orbitals.
o s1/2 component dramatically changes the decay width and energy correlations.
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