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“I call any geometrical figure, or group of points, 

chiral, and say that it has chirality if its image in a 

plane mirror, ideally realized, cannot be brought 

to coincide with itself.”

Lord Kelvin

The Molecular Tactics of a Crystal

Press: Oxford, UK, 1894; section 22, footnote p. 27

Definition / 定义

Chirality: A system is chiral if 

it cannot be superimposed 

onto its mirror image by any 

combination of translations 

and rotations.

手性 Chirality



🞐 Chirality is an important phenomenon in sciences 

？
Neutrino         Nucleus Molecule       Biomolecule        Organism      Galaxy

手性 Chirality
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"Thalidomide" tragedy

 The tragedy occurred in Europe in the 60s of the 20th century: about 12,000 "seal

limb deformity" babies were born around the world due to pregnant women taking

"response stop", and promoted the reform of the modern drug regulatory system

(L) Poison (R)  Ssedative

W. G. Mcbride ,The Lancet, 278 (1961) 1358
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Nobel Prize in Chemistry 

The Nobel Prize in Chemistry 2021

was awarded jointly to Benjamin List

and David W.C. MacMillan "for the

development of asymmetric

organocatalysis"

The Nobel Prize in Chemistry 2001 was

divided, one half jointly to William S.

Knowles and Ryoji Noyori "for their work

on chirally catalysed hydrogenation

reactions" and the other half to K. Barry

Sharpless "for his work on chirally

catalysed oxidation reactions"



Nobel Prize in Chemistry 2026 
Henri B. Kagan    Université Paris-Sud, France
Kenso Soai Tokyo University of Science, Japan
“for the discovery of non-linear effects and autocatalysis in 
asymmetric organic synthesis”
They made chemistry choose a mirror image



❑ Classical Examples:

· Hands

· Screws: left- and right-handed screws.

· Molecules: such as amino acids and sugars.

❑ The famous "Thalidomide" tragedy occurred because
its left-handed molecule had a sedative effect,
while its right-handed molecule caused birth defects.

❑ Classically, a chiral object is typically stable in
its specific chiral state.

Chirality 



Chiral symmetry breaking in intrinsic frame

courtesy of X.H. Wu

Quantum Chirality



Quantum Chirality

01 / Space Representation

Space → Angular 

Momentum Space

02 / Intrinsic Frame

Chirality in intrinsic 

frame: degenerate 

spectra

03 / Quantum Effects

Quantum Tunneling

Near-degenerate spectra 

appear → Experimental 

signal

(I, )2

(I, )2

(I, )2

(I, )2



Valence Orbitals: Particle & Hole Orientation of Spin

j

j

By QB Chen

Chiral Geometry: AM Orientation



Triaxial rotor

Proton or neutron hole

C=-1

Proton or neutron particle

C=1

Triaxial Particle-core Model

Quantum Chirality: Geometry



Classical Vector Approximation

The operator of the total angular momentum is 

replaced by the classical vector representation.

● Proton particle: C = 1

● Neutron hole: C = -1

Classical Energy Surfaces

Quantum Chirality 

Classical Approximation 
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S. Frauendorf and J. Meng, NPA 617 (1997) 131

Experimental signal

Quantum Chirality



Quantum Chirality: atomic nuclei



A. Bohr, B. Mottelson, Nuclear Structure II, Benjamin, New York (1975), p.19

Axial deformed system 

A. N. Bohr B. R. Mottelson J. Rainwater

Nobel Prize in Physics 1975
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Rotational 

Spectra

Triaxial deformed nucleus

J. Meng, Y. P. Wang, The 25th anniversary for nuclear chirality, 

Chirality and wobbling in atomic nuclei (2024) 



• More than 62 chiral doublets bands have been reported in the A∼80,

100, 130, and 190 mass regions.

• Multiple chiral doublets (MD) were predicted in 2006 and observed in

in 9 candidate nuclei.

49 Chiral candidate nuclei 

Xiong & Wang,  ATOMIC DATA AND NUCLEAR DATA TABLES 125 (2019)193 .



Quantum Chirality

Quantum chiral features: K-Plot

Triaxial Particle-core Model



Quantum Chiral Features: K-Plot

Key Insight

Evolution of Chiral 

Modes

The t rans i t ion f rom chi ra l

vibration near the band head to

static chirality at higher spins is

clearly exhibited in the 128Cs

doublet bands.

Chiral geometry in symmetry-restored states: Chiral doublet bands in 128Cs

Authors: F. Q. Chen (陈芳祁), Q. B. Chen (陈启博), Y. A. Luo (罗延安), J. Meng (孟杰), and S. Q. 

Zhang (张双全)

Source: Phys. Rev. C 96, 051303(R) – Published 20 November 2017

Polar angle  plots 
Angular Momentum Projected  

Shell Model



Quantum Chiral Features: Azimuthal Plot

Key Analysis

AM Orientation 

Examination

Azimuthal plots for I = 11, 14,

and 18 are utilized to examine

the orientation of the angular

momentum (AM) in the restored

states.

Chiral geometry in symmetry-restored states: Chiral doublet bands in 128Cs

Authors: F. Q. Chen (陈芳祁), Q. B. Chen (陈启博), Y. A. Luo (罗延安), J. Meng (孟杰), and S. Q. 

Zhang (张双全)

Source: Phys. Rev. C 96, 051303(R) – Published 20 November 2017

Angular Momentum Projected  

Shell Model



Relativistic DFT: Microscopic  predictive 

tool for chirality  (MχD)

Possible existence of multiple chiral doublets in 106Rh

First configuration-fixed constrained triaxial relativistic 

mean field (RMF) calculation.
J. Meng, J. Peng, S. Q. Zhang, and S.-G. Zhou — Phys. Rev. C 73, 037303 (2006)

MχD
Energy per Nucleon (E/A) vs β



TAC - DFT in 3D Lattice for Chirality

References & Literature

Upper Bands Limit: Zhao, PLB 773, 1 (2017)

DFT Analysis: Ren, Zhao, Meng, PRC, 105, L011301 (2022)

The lower bands are well reproduced but NOT the upper bands

Semi-classical Approximation

Microscopic  predictive tool for 

chirality  (MχD)



Quantum Chirality in Time-Dependent DFT

Chiral Precession Dynamics Body-Fixed Frame

Precession periods across sectors are roughly identical.

3D Nuclear Ellipsoid

Visual representation of the nuclear

shape and axes rotation within the

body-fixed coordinate system.

• Chiral Precession

References & Literature

[1] Ren, Zhao, Meng, PRC, 105, L011301 (2022) | [2] Li, Zhao, Meng, PLB 856 (2024) 138877



The first fully microscopic and self-

consistent description for the chiral

twin bands in the framework of

DFTs.

Quantum chirality in Time-depend DFT



Summary & Perspectives
Key takeaways and future outlook on nuclear chirality research

01
Active Hot Topic

Chirality in atomic nuclei

remains a highly active

topic in modern nuclear

physics, pushing and

extending our tknowledge

boundaries.

02
Great Progress

Significant theoretical and

experimental breakthroughs

in nuclear chirality have been

s u c c e s s f u l l y a c h i e v e d

globally.

03
Future Outlook

Cont inuous ef for ts to

explore and understand

the deep quantum nature

of nuclear chirality are

highly encouraged and

appreciated.

Thank 

you !

Open Oquestions:

⚫ Energy splitting versus angular momentum

⚫ Orbitals higher than h11/2  for chiral nuclei

⚫ Large-scale relativistic DFT calculations to predict 

new chiral nuclei

⚫ Spontaneousl symmetry  breaksing with …

⚫ Wobbling and chiral rotation

⚫ Quantum tunneling effect…
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