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#)/47Z.s  Spontaneous symmetry breaking in nuclei

SHANDONG UNIVERSITY, WEIHAI

» Spontaneous symmetry breaking is a fundamental concept in nature.
» The shape of a nucleus can exhibit triaxial or octupole deformation, corresponding to the

chiral or reflection symmetry breaking in the intrinsic frame.

Y,+Y50 YootYs  YytYs, Yo0tYs;

chiral symmetry breaking reflection symmetry breaking

8

B Frauendorf97, Butler96
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SEAL Chiral symmetry breaking in nuclei
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O In 1997, Frauendorf and Meng pointed out that the rotation of triaxial nuclei may attain a chiral character
Frauendorf & Meng, Nucl. Phys. A617, 131 (1997)

-- chiral doublet bands.
jﬂ' J{q _____________ "
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Expected exp. signal : Two near degenerate Al =1 bands

O Chiral nuclei was firstly reported in 2001.

VOLUME 86, NUMBER 6 PHYSICAL REVIEW LETTERS 5 FEBRUARY 2001 o e
N=75 isotones (;k
Chiral Doublet Structures in Odd-Odd N = 75 Isotones: Chiral Vibrations 1 § v‘(r
- ° 9 - ] = Sl
K. Starosta,"* T. Koike,' C.J. Chiara,' D.B. Fossan,' D.R. LaFosse,' A.A. Hecht,> C. W. Beausang,> M. A. Caprio,’ ,];{,:]l‘i,, \E‘&\f\? ;H - ‘%)lt,
J.R. Cooper,” R. Kriicken,? J.R. Novak,? N. V. Zamfir,>" K.E. Zyromski,” D.J. Hartley,® D.L. Balabanski,** 11{;}15&\\ e eyttt
Jing-ye Zhang,? S. Frauendorf,* and V.I. Dimitrov** 3 l"m‘;%i' (2 S P S AT
'Department of Physics and Astronomy, SUNY at Stony Brook, Stony Brook, New York 11794 ’%“’\‘ 3 ",f:é 11 ® = 5
2Wright Nuclear Structure Laboratory, Yale University, New Haven, Connecticut 06520 134p 136pm
3Department of Physics and Astronomy, University of Tennessee, Knoxville, Tennessee 37996 L
*Department of Physics, University of Notre Dame, Notre Dame, Indiana 46556
and Institute for Nuclear and Hadronic Physics, Research Center Rossendorf, 01314 Dresden, Germany Starosta ez al * PhyS Rev. Lett. 869 971 (2001)
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O The study of nuclear chiral symmetry has become one of the most important frontiers in nuclear physics.

Focus
Left-Handed Nuclei
/,zf‘ff"" “t~g Phys. Rev. Focus 7, 4 (2001) - Published January 30, 2001
; 2 Certain asymmetrically shaped nuclei can be left-handed or right handed.
BN el e o .
i, e http://physics.aps.org/story/v7/st4
“The question of whether stable triaxial nuclear shapes exist

has been debated for decades,” says Mark Riley of Florida State

University in Tallahassee. Starosta and his colleagues have “hit R
upon the first direct evidence,” which Riley says is causing SClence

uite a stir in the nuclear physics world. . .
- — Nuclei Crash Through The Looking-Glass

but we will be searching in other mass regions now.” Clark says
understanding how these complex nuclear structures behave may
spill over to other fields as well. “The ideas and methods for
understanding nuclei, molecules, metallic clusters, and atomic
condensates all feed off of each other,” he notes.
https://www.sciencemag.org/content/291/5506/962.1.full
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I A~190 mass region:
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Reflection symmetry breaking in nuclei

O Reflection-asymmetric shapes can play a role in the band structure of octupole deformed nuclei.
Y 2
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Expected exp. signal : parity doublet bands/ Octupole correlations
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P. A. Butler, Rev. Mod. Phys. 1996
P. Mason et al., PRC 2005
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) K E Coexistence and interplay?

LRI IR L LI R L B B RS =
e Chiral Nuclei b oo
©  Octupole deformed nuclei
= stable nuclei

Triaxial deformation Octupole deformation 90

R

t 1
_ Reflection symmetry 20

20 :_ ,,,,,,,,, | n 1 n 1 2 a1 n 1 sl 5 al L 1 1 "
30 40 50 60 70 80 90 100 110 120 130 140

Neutron Number N

80

~

70

60

50

40

Proton Number Z

- Experimental research on chiral and
+ +5
M1 @ -9 (45 @+ L) reflection symmetry breaking
T+a* L qa+3)t | | AL y (I+3)~
+ * +3)— +2)*

2 AL (2 @) | | g T L (1) Starosta ef al., Phys. Rev. Lett. 86, 971 (2001)

 (IH1)* I+ , (I+1)~ I Dahlinger ef al., Nucl. Phys. A484, 337 (1988)

| L | L 2

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

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

chirality and octupole correlations.
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O @ China Institute of Atomic Energy
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*‘ 51;,5{ fg O 89 A new “Chiral island”

» A~80 mass region: a newly observed “chiral island” ' ' '
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S £ 4 Z . Coexistence of nuclear chirality and octupole correlations
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) ) £ 7,2 . Coexistence of nuclear chirality and octupole correlations
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week ending

PRL 116, 112501 (2016) PHYSICAL REVIEW LETTERS 18 MARCH 2016

Evidence for Octupole Correlations in Multiple Chiral Doublet Bands

C.Liu(X/R).' S. Y. Wang (E5F5)," R. A. Bark,” S. Q. Zhang (JK ] 42),* J. Meng (i 7%),>** B. Qi OT#),' P. Jones,”
S. M. Wyngaardt,” J. Zhao (%78).%7 C. Xu (BJI).’ S.-G. Zhou (AEH1).5 S. Wang (), D. P. Sun (F/MAJH).!
L. Liu (X&), Z. Q. Li (&5, N.B. Zhang (3KJ53%)," H. Jia (B1E)," X. Q. Li (ZF#KX). H. Hua (4E4%),’
Q.B. Chen (MiA71H).* Z. G. Xiao (&R H.J. Li (ZELLIH)," L H. Zhu (%4L4F).* T.D. Bucher,™ T. Dinoko,*"
J. Easton,z’l0 K. Juhdsz,'"" A. Kamblawe,z"5 E. Khaleel,z‘5 N. Khumalo,z‘m‘12 E.A. Lawrie,2 J.J. Lawrie,2
S.N.T. Majola,>"® S.M. Mullins,” S. Murray,” J. Ndayishimye,>> D. Negi,” S. P. Noncolela,*'" S.S. Ntshangase,'? o s Ly AREH 0L
B.M. Nyak(’),14 J.N. Orce,10 P. Papka,z‘5 J.E. Sharpey—Schafer,z']0 0. Shirindal,2 P. Sithole,z’lo

breaking of chiral and reflection

| Evidence for Octupole
i 1 Correlat Multiple
!

Chiral Doublet Bands
C. Liu U2) et al.

Phys. Rev. Lett 116,
112501 (2016)

M. A. Stankiewicz.>"* and M. Wiedeking®
i __@o)
PHYSICAL , , E S
REVIEW LETTERS » This observation reports the first = ey
E Ii : 1668.0 7=
1 1 : 4 16 14928 9
Volume 116, Issue 11 example of chiral geometry 1in - sl o
18 March 2016 . 2 L =T aE Ll )
On the Cover octupole soft nuclei. s A s it el 1
Nuclear levels of °Br E‘ 668.5 13+ 1463.7 IBJT 603.0 12-
“ o ‘ T:sguggufr:ggzzbriew :'E “31{'8' 1111‘6 f”‘ ‘1’7 n_ E{";\S 1o+ [ 19742 ul-h“‘ . R
! vtsana ansiien. » It is proved that the simultaneous = e
) marked in red -
whs i ) . From the article
0
)
i

symmetry can occur in atomic

. i Published by %
nuclei. American Physical Society phySiet Volume 116, Number 11

BXZH HRIRE




é. Y4 §<M Coexistence of nuclear chirality and octupole correlations in nuclei
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New candidate chiral nucleus in the A =~ 80 mass region: 3Br
Band 1 "Br “Br “Br
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» The present work indicates that the border of the chiral nuclei in the A = 80
| mass region can reach N = 47 when the neutron number approaches N = 50. )
= Encrgy [keV)
C. Liu et al. PRC2019 Sample coincidence spectrum

I A~80 mass region: %°Br, Wangll etc. |
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Coexistence of nuclear chirality and octupole correlations in 7As
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X. Xiao et al., PRC2022

I A~80 mass region: %°Br, Wangll etc. |
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First observation of the coexistence of multiple chiral doublet bands and
pseudospin doublet bands in the A=80 mass region: 3'Kr

1w0k® Band 2 (exp) ! 1 6le Band 5 (exp) j 6lo Bund S (expy
~ _- Band 3 (exp) : W Band 6 (exp) A Band 7 (exp)
é ofF 1°4r 1 4F -
g s 1.l 1. ]
2k e Band 2 (cal) n e Band & (cal) e Bamd S (cal)
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:_i’ 30 430 E
a *r T20f 120} ]
§ w3 Jwof 3 Jwf s
; (a2)A i‘ \ N 0 -(hZ)‘ . . L 0 —(cZ)‘ ‘& N 1
10 12 14 16 8 6 8 10 12 14 o 8 10 12 4
Spin |2] Spin [7] Spin |A]
The evidence of chiral doublet bands and
i pseudospin-chiral triplet bands in 31Kr
L
o

The present work reports two new chiral configurations
T(92)*®V(Z92)" and Tgo2(P312, T52)@V(Z912)™!, and the first
example of pseudospin-chiral triplet bands involving the
m(pss, f52) pseudospin doublet.

I A~80 mass region: %°Br, Wangll etc. |
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Coexistence of nuclear chirality and octupole correlations in 7*Br
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Partial level schemes of *Br probabilities B(AM1) and B(E2)for

bands 1 and 2 in "Br.

W. Z. Xu et al. PLB2022

I A~80 mass region: %°Br, Wangll etc. |
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/£ 7,% 4 Interplay between nuclear chirality and octupole correlations
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&)/ 17 % wwchiral geometry and its evolution in the Br isotopes

s 1D

» Chiral geometry in 8Br is more stable than those in 78Br

80
and °“Br.
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@)L Conclusion

» A series of experimental studies on the spontaneous symmetry breaking in the A~80 mass

region were performed:

1. Coexistence of nuclear chirality and octupole correlations in 74As, 767380Br.,
2. Chiral geometry in 32Br is more stable than those in ®Br and 3'Br.
3. Reflection symmetry breaking catalyzes rather than destroys chiral symmetry

breaking in nuclear systems
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