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ChiralChiral
 

symmetries exist commonly in naturesymmetries exist commonly in nature

Macroscopic spirals of snail shells and the Human 
hands...
In geometry, a figure is chiral if it is not 
identical to its mirror image, or it cannot be 
mapped onto its mirror image by rotations and 
translations alone
Particle physics, chirality is a dynamic property 
distinguishing between the parallel and anti-
parallel orientations of the intrinsic spin with 
respect to the momentum of the massless particle.
Chemistry, the study of chirality is a very active 
in inorganic, organic, physical, biochemistry and 
supramolecular chemistry.
Nobel Prize in Chemistry for 2001: the 
development of catalytic asymmetric synthesis
…



Magnetic Rotation:  Hot topics of high spin physics in 
1990s

•

 
Near spherical nucleus

•

 
ΔI=1 bands with strong BM1

•

 
Orientation of valence p and n provides spin

Low I

High I

Chirality in atomic nucleus: short history





ΔI = 1 Enhanced magnetic dipole transition

How does B(M1) change with spin I ?





Good agreement with prediction for BM1 versus I
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Generalizing to triaxial deformed case
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hh+triaxial rotor=MR

ph+triaxial rotor=Chiral doublets

Chiral doublets bands: experimental signal



I=2 rotational bands

I=１magnetic 
rotational bands

Shears bands

1. J lies along a principal axis

2. J lies in a principal plane

ChiralChiral doublets bands, Why ?doublets bands, Why ?



Chiral

 
bands

Experimental signature:
Degenerate pairs of I=1 bands

3. J does not lie in any of principal plane

Frauendorf, Meng, Nucl. Phys. A 617, 131(1997 )

Ξ
 

= Τ Ρy(π)

ChiralChiral doublets bands, Why ?doublets bands, Why ?
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First Observations of the First Observations of the ChiralChiral doublets bandsdoublets bands



Observations in OddObservations in Odd--A NucleusA Nucleus



Observations in A~100  NucleusObservations in A~100  Nucleus



Self- consistent rotating mean field chiral solutions



Critical frequency in Critical frequency in ChiralChiral rotationsrotations



Selection rule of EM transitions  in Selection rule of EM transitions  in ChiralChiral rotationsrotations



Candidate Candidate ChiralChiral
 

bands in bands in A~130 region



Candidate Candidate ChiralChiral
 

bands in bands in A~100 region



Candidate Candidate ChiralChiral
 

bands in bands in A~80 region?

Candidate Candidate ChiralChiral
 

bands in bands in A~190 region
188Ir:  Balabanski

 
2004

198Tl: Lawrie2008

China & South Africa 
& Hungary

Mar.20-29 2009
@ iThemba

 
Labs！

Candidate Candidate ChiralChiral
 

bands in bands in other region



Good agreement 
between the experimental

and the PRM calculated  results

Near energy degeneracy: easy !Near energy degeneracy: easy !

Peng, Meng, Zhang,Phys. Rev.C68, 044324 (2003 )



Near energy degeneracy -
 

chirality？



134
 

Pr -
 

Chiral
 

candidate  ？？？

End of the story ?



手征原子核:  another best example！？



手征原子核:  another best example！？



Question:  Question:  ChiralChiral bands ?bands ?

Reproduction of Spectra & transition in 2qp coupled with 
triaxial rotor ! Examine the orientation of the AM

Observations of the Observations of the ChiralChiral doublets bands in Chinadoublets bands in China



chiral bands

1. nearly degenerate doublet bands

2. S(I) independent of spin

3. identical spin alignments

4. identical B(M1), B(E2) values

6. interband B(E2)=0 at high spin

5. staggering of B(M1)/B(E2) ratios 

Nuclear Nuclear ChiralityChirality：：Based on the geometry for one particle Based on the geometry for one particle 
and one hole coupled to a and one hole coupled to a triaxialtriaxial

 
rotor with gamma=30rotor with gamma=3000

It is necessary to 
have a model with 
many-particles plus 
many-holes coupled 
with triaxial

 
rotor! 

S.Y. Wang, S.Q. Zhang, B. Qi, and J. Meng, Examining the Chiral
 

Geometry in 104Rh 
and 106Rh, Chinese Physics Letters    2007 24 (3): 664-667 
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Theoretical Progress
• 3D Tilted Axis Cranking

–S.Frauendorf and J.Meng, Nucl. Phys. A420, 173 (1984)
• Relativistic Mean Field

-Madokoro, Meng, Matsuzaki, Yamaji, Phys. Rev. C 62 (2000) 061301
–Peng et al., Phys. Rev. C 77, 024309 (2008)

• self- consistent rotating mean field solutions 
–Dimitrov, Frauendorf, and F. Doenau, Phys. Rev. Lett. 84, 5732 (2000)

• Skyrme-Hatree-Fock Cranking 
–P. Olbratowski et al., Phys. Rev. Lett. 93 052501 (2004)

• TAC+RPA (135Nd)     Phys. Rev. Lett. 99, 172501 (2007)

• Particle-hole plus triaxial rotor model
–S.Frauendorf and J.Meng, Nucl. Phys. A420, 173 (1984)
–T. Koike, K. Starosta, and I. Hamamoto, Phys. Rev. Lett. 93, 172502 (2004)
–K. Starosta et al., Phys. Rev. C65 044328 (2004) 
–S.Q.Zhang et al., Phys.  Rev. C75, 044307 (2007) 
–B. Qi et al., Phys.  Lett. B675 175  (2009)
–E. A. Lawrie et al., Phys.  Rev. C 78021305  (2008)

• Pair Truncated Shell Model / Quadrupole Coupling Model 
–K. Higashiyama, N. Yoshinaga, and K. Tanabe, Phys. Rev. C 72, 024315 (2005)
–N. Yoshinaga and K. Higashiyama, Eur. Phys. J A 30,343 (2006)

• Interacting Boson Fermion Fermion Model (IBFFM)
–S. Brant, D. Vretenar, and A. Ventura, Phys. Rev. C 69, 017304 (2004)

• Interacting Vector Boson Model ( IVBM)
–H. G. Ganev, A. I. Georgieva, S. Brant, and A. Ventura, Phys. Rev. C 79, 044322 (2009)



Simulating n-particles-n-holes by pairing

Energy spectraEnergy spectra
 of of 126126CsCs

configuration:  
one proton in h11/2
one quasi-neutron in h11/2 ：simulate n-neutron holes 

S.Y. Wang, S.Q. Zhang, B. Qi, and J. Meng, Phys. Rev. C 75, 024309 (2007)



Electromagnetic Electromagnetic 
properties of properties of 126126CsCs

S.Y. Wang, S.Q. Zhang, B. Qi, J. Meng,  

Phys. Rev. C 75, 024309 (2007)

Simulating n-particles-n-holes by pairing



135Nd as an example



Many-particle-many-hole & triaxial
 

rotor

Numerical details

Config：

deformation with RMF

MOI                    justified by data

intrinsic Q   

g-factor

2 1
11/2 11/2h hπ ν −⊗

229 / MeVh

0.235,   =22.4β γ= o

2
0 0(3 / 5 ) 4.0Q R Z ebπ β= =

/ ,    1 . 2 1 ,    0 . 2 1R p ng Z A g g= = = −

Odd-A Chiral
 

Nucleus 135Nd
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奇-A 核135Nd中候选手征带的能谱

Data:  Zhu PRL 2003 
TAC:  Mukhopahyay PRL 2007

Chirality
 

in odd-A nucleus 135Nd  in particle rotor model, 
B.Qi, S.Q. Zhang,  J. Meng, S.Y. Wang, S. Frauendorf,  Phys. Lett. B 675 (2009) 175–180

奇A核135Nd中的手征性Odd-A Chiral
 

Nucleus 135Nd



B(M1) & B(E2)B(M1) & B(E2)

奇A核135Nd中的手征性

B(M1) & B(E2)的实验
 特征被很好的再现

 

B(M1) & B(E2)的实验
 特征被很好的再现

Odd-A Chiral
 

Nucleus 135Nd



角动量期待值角动量期待值

Odd-A Chiral
 

Nucleus 135Nd



角动量投影值角动量投影值

奇A核135Nd中的动态和静态手征性
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I=39/2附近的静态手性→动态手性动态手性→
 

I=39/2附近的静态手性→动态手性
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Odd-A Chiral
 

Nucleus 135Nd
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Microscopic deformation calculation for chiral
 Nucleus
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Nuclear magnetic moment is ontained from the effective 
electromagnetic current

Static magnetic dipole moment is determined by
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Relativistic description of magnetic moment

for a relativistic point particle 

from intrinsic structure
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What’s the situation in a relativistic mean-field model? In this model, the nuclear magnetic moment is generated from the effective electromagnetic current. The static magnetic dipole moment is related to the current by the following relation. We divide the total magnetic moment into two parts

Dirac part which is for a relativistic point particle

And anomalous part which comes from the intrinsic structure of nucleons.





The enhanced isoscalar magnetic moment: the over-
enhancement for the Dirac magnetic moment

Time-odd RMF approach: the space-like components of 
vector meson field  leads to non-vanishing current  

Isoscalar magnetic moment

( )3 3 1
D Dd r r j d r L

M
μ ψ ψ∗

1 1
= × = +Σ
2 2∫ ∫

r rrr r

With * 0.6M M≈

A Exp. Tri. Axi. Sph. Sch.

15 0.22 0.19 0.18 0.32 0.19

17 1.41 1.45 1.48 1.57 1.44
39 0.71 0.67 0.64 0.94 0.64
41 1.92 1.96 1.97 2.21 1.94

( )( , ) 1, 1[ ] / 2s Z N Z Nμ μ μ + −+=Isoscalar magnetic moment (μN )

Yao, et al., PRC 74, 024307 (2006).

The isoscalar
magnetic moment can be 
reproduced quite well



142Gd

Magnetic Rotation(MR) 



Relativistic description for B(M1)
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Peng, Meng, Ring,  Zhang 2008

Madokoro, Meng, Matsuzaki, Yamaji

 

2000



PC-PK1
Nf=12

2
13/2 9/2 13/2vi h iπ− ⊗ 4

13/2 9/2 13/2vi h iπ− ⊗

Relativistic description for B(M1) in 198Pb



Summary & Perspectives
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Chirality in atomic nuclei is a hot topic  

Lots of theoretical and experimental progress on chirality in 

atomic nuclei are achieved

Efforts to understand nuclear chirality more are appreciated



Thank You!
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