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Nuclear Shapes

Nuclear deformation has played a central role in understanding nuclear

structure and dynamics.

v Nuclear spectroscopy
v  Nuclear fission

v Hyperfine spectroscopy
v Nuclear reaction

v Relativistic heavy ion collisions

v ...
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Nuclear surface expansion

How to describe nuclear shapes?

© A
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Nonaxial & Reflection-asymmetric

Quadrupole deformation

2
RO.0) =Ry [1+ Y a,Y5,0.0)
u=-2

v Three Euler angles 5 -3 =2

v Two deformation parameters / and y
v Defined in the intrinsic frame
v Diagonalize the inertia tensor




Lattice RDFT

v No spatial symmetry restriction PCG-F Method

v Along-term challenge due to
variational collapse problem P 1 O

Nucleon

F(hp) = ((1) S)

Li, Ren, PWZ, PRC 102, 044307 (2020)

Anti-nucleon k'

D Xu, Li, Ren, PWZ, PRC 109, 014311 (2024)
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Nuclear tetrahedral symmetry

v Symmetry is fundamental to understanding matter and interactions.

v Tetrahedral symmetry is widespread in molecules, clusters, and crystals.

v Nuclear tetrahedral symmetry?
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Predictions of Tetrahedral Nuclei

Tetrahedral magic numbers
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Experimental evidence?
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® Negative-parity rotational band But, the observation is incompatible with a
® Strong electric octupole transition description based on tetrahedral symmetry.

® Weak electric quadrupole transition
®
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Alternative criteria and/or the search for new test candidates?




Triple mass differences

* Mass — Liquid model
x Mass difference — Shell model

* Double/Triple mass difference ?

S, (Z,N) = E(Z,N) — E(Z,N — 2)

1
OVl Z:N) = = 215, (Z.N) = $,,(Z = 2.N)]

SVGNZ,N) =6V, (Z,N) = 6V, (Z,N +2) N

Wang, et al., Chin. Phys. C 45, 030003 (2021)
Hamaker, et al., Nat. Phys. 17, 1408 (2021)




Quadrupole calculations

Calculations restricted to quadrupole and triaxial shapes fail to
reproduce the localized enhancement.

Xu and PWZ, PRL 136, 232503 (2026)




Octupole calculations

Tetrahedral deformation of 80Zr is revealed from nuclear masses.
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Microscopic Dynamics of Nuclear Fission

TDRDFT: Microscopic Self-Consistent Description of Fission Dynamics

Time = 0 fm/c Time = 1050 fm/c Time = 1380 fm/c

nucleon density

—_—

nucleon localization function
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Ren, Vretenar, Niksic, PWZ, Zhao, Meng, PRL 128, 172501 (2022)




Angular Momentum of Fission Fragments

In 2021, experiment revealed the angular Why? Existing microscopic theories
momenta of the two fission fragments are could not explain ...

nearly uncorrelated.
12

Article

Angular momentumgenerationinnuclear
fission
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Nonaxial effects In fission

Non-axial
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Spin correlations of the fission fragments

20 Mutual information analysis reveals that
10 axial-symmetry breaking reduces spin-
0 spin correlations along the fission axis.
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Summary

Relativistic density functional theory (RDFT) has been solved in 3D lattice and
extended to its time-dependent version for various nuclear structure and dynamics.

> Exotic Nuclear Shapes
Nonaxial and reflection-asymmetric deformations leave distinct signatures in
nuclear masses and fission dynamics

> Nuclear tetrahedral symmetry
Triple mass differences provide an experimentally accessible probe
Tetrahedral symmetry in Zr-80

> Nuclear fission dynamics

Nonaxial deformation reduces the spin correlations between fission fragments
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Covariant density functional: PC-PK1

Mass Deviations from EXxp. RMS Deviation
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Among the best density-functional description for nuclear masses!
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Future experiment
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Time-dependent RDFT

Runge-Gross Theorem Time-dependent Kohn-Sham DFT

There Is a unique mapping between the / Poactls 1) = Prs(rs 1)

time dependent external potential and the

density, for many body systems evolving
from a given initial state. /w

Runge and Gross, PRL 52, 997 (1984) van Leeuwen, PRL 82, 3863 (1999)
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Application of TD-RDFT

Applications Fission

e Ternary fission

e |Linear alpha-chain e Thermal effect

® Nuclear fusion
e Angular momentum

® Nuclear fission
’ E EEm

* Nuclear rotation and vibration _ _
Multinucleon transfer reaction

e Multi-nucleon transfer reaction

e Cross section
e Angular momentum

e Deexcitation

o o e Orientation effects

PRL128(2022)172501: PRL136(2026)252502; PRC111(2025)L0541302; PLB856(2024)138877 ...




