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Spontaneous symmetry breaking in nuclei
Ø Spontaneous symmetry breaking is a fundamental concept in nature.

Ø The shape of a nucleus can exhibit triaxial or octupole deformation, corresponding to the

chiral or reflection symmetry breaking in the intrinsic frame.

chiral symmetry breaking reflection symmetry breaking

Frauendorf97, Butler96
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Chiral symmetry breaking in nuclei
p In 1997, Frauendorf and Meng pointed out that the rotation of triaxial nuclei may attain a chiral character 

-- chiral doublet bands. Frauendorf & Meng, Nucl. Phys. A617, 131 (1997)

p Chiral nuclei was firstly reported in 2001.

Intrinsic frame

Expected exp. signal： Two near degenerate DI =1 bands

Starosta et al., Phys. Rev. Lett. 86, 971 (2001)
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Chiral symmetry breaking in nuclei
p The study of nuclear chiral symmetry has become one of the most important frontiers in nuclear physics.

The question of whether stable
triaxial nuclear shapes exist has
been debated for decades.
Hit upon the first direct evidence

https://www.sciencemag.org/content/291/5506/962.1.full

Understanding how these complex
nuclear structures behave mayspill
over to other fields as well.

http://physics.aps.org/story/v7/st4    
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A~130 mass region:
Starosta01 etc.

A~80 mass region：80Br, Wang11 etc.

A~100 mass region：
Vaman04 etc.

A~190 mass region：
Lawrie08；
Masiteng13

Chiral “islands” 
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Expected exp. signal： parity doublet bands/ Octupole correlations

p Reflection-asymmetric shapes can play a role in the band structure of  octupole deformed nuclei.

P. A. Butler, Rev. Mod. Phys. 1996
P. Mason et al., PRC 2005

Reflection symmetry breaking in nuclei

Octupole correlations in 125Ba
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Coexistence and interplay?

Starosta et al., Phys. Rev. Lett. 86, 971 (2001)
Dahlinger et al., Nucl. Phys. A484, 337 (1988)

Chiral symmetry Reflection symmetry

ñR|ñL|

Experimental research on chiral and 
reflection symmetry breaking

Ø The simultaneous breaking of chiral and reflection symmetry is interesting.

Ø Nuclei in the 80 mass region are good candidates to study the coexistence and interplay between nuclear 

chirality and octupole correlations.

Triaxial deformation Octupole deformation
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Experimental research
p @China Institute of Atomic Energy

In-beam gamma 
spectroscopy experiment
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p @ iThemba LABS

Experimental research

AFRODITE
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A new “Chiral island”

ØA~80 mass region: a newly observed “chiral island”

S. Y. Wang et al., Phys. Lett. B703, 40(2011)
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Coexistence of nuclear chirality and octupole correlations
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E1M1 M1

ñR|ñL| ñR|ñL|

Coexistence of nuclear chirality and octupole correlations
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Ø This observation reports the first

example of chiral geometry in

octupole soft nuclei.

Ø It is proved that the simultaneous

breaking of chiral and reflection

symmetry can occur in atomic

nuclei.

Coexistence of nuclear chirality and octupole correlations
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Interplay between nuclear chirality and octupole correlations
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Ø Chiral geometry in 82Br is more stable than those in 78Br 

and 80Br.

chiral geometry and its evolution in the Br isotopes
ñR|ñL|

C. Liu et al., Physical Review C 100, 054309 (2019)
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Interplay between nuclear chirality and octupole correlations

The measured and calculated energy difference in 
76,78,80, 82Br and average D0 values in 73, 76, 78, 80Br

Ø The present work provides the first test for chirality in the A
≈80 mass region by lifetime measurements, and firstly
elucidates the formation of chiral geometry in the presence of
the octupole correlations in Br isotopes, leading to the
conclusion that the reflection symmetry breaking catalyzes
rather than destroys chiral symmetry breaking in nuclear
systems.

W. Z. Xu et al., PLB2022
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Br同位素手征双带能级差和电偶极矩D0

Interplay between nuclear chirality and octupole correlations
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Ø A series of experimental studies on the spontaneous symmetry breaking in the A~80 mass

region were performed:

Thank you for your attention！

Conclusion

1. Coexistence of nuclear chirality and octupole correlations in 74As, 76,78,80Br.

2. Chiral geometry in 82Br is more stable than those in 78Br and 80Br.

3. Reflection symmetry breaking catalyzes rather than destroys chiral symmetry

breaking in nuclear systems
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