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IntroductionIntroductionIntroduction

Doubly odd nuclei with triaxial 
deformation
Orientation of axis of rotation is 
tiled to three axis

One neutron hole and one 
proton particle coupled with a 
rigid triaxial rotor

Tilted Axis Cranking model  Particle Rotor Model



Interpretation of chiral doublet bandsInterpretation of chiral doublet bands

protonprotonproton

neutronneutronneutron corecorecore

High j holes tend to align with long axis
High j particles tend to align with short axis
Triaxial core tend to align with intermediate axis

Three angular momenta construct
left- and right-handed systems

Two nearly degenerate ∆ I=1 bands of the same parity 
originate from these systems



Candidates for chiral doublet bandsCandidates for chiral doublet bands
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Z=50Z=50

proton 
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proton proton 
particleparticle

neutron 
hole

neutron neutron 
holehole

ZZ

NN mass around 130 regionmass around 130 regionmass around 130 region

The AThe A~~130 nuclei have 130 nuclei have several valence protonsseveral valence protons outside the closed shell Z=50 outside the closed shell Z=50 
and and several neutron holesseveral neutron holes with respect to the closed shell N=82. with respect to the closed shell N=82. 



Neutron Proton

The single particle (hole) energies for proton (neutron)
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Single particle orbitalsSingle particle orbitals
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The 0hThe 0h11/211/2 orbital plays a orbital plays a Important roleImportant role
in the description of the chiral doublet bands.in the description of the chiral doublet bands.
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Experiment of doubly-odd nucleiExperiment of doubly-odd nuclei

∆ I =1 bands have been found in many 
doubly-odd nuclei with mass around 130. 
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Rigid triaxial rotor + two quasi-particlesRigid triaxial rotor + two quasi-particles

Particle rotor model
Phenomenological core-particle-hole coupling model

eveneven--even coreeven core

Rigid triaxial rotorRigid triaxial rotor
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Interacting boson fermion-fermion modelInteracting boson fermion-fermion model
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YrastYrast YrareYrare
eveneven--even coreeven core IBMIBM

YrastYrast

quasi quasi γγ

The yrast band was built The yrast band was built 
on the groundon the ground--state band state band 
of the evenof the even--even coreeven core..

The yrare band was built The yrare band was built 
on the quasion the quasi--γγ band of band of 
the eventhe even--even coreeven core..



Particle rotor model
Phenomenological core-particle-hole coupling model

Interacting boson fermion-fermion model

Tilted axis cranking model
TheoryTheoryTheory

ExperimentExperimentExperiment
Mass A~130 : Odd-mass and doubly-odd nuclei
Mass A~100 : Odd-mass and doubly-odd nuclei
Mass A~190 : Doubly-odd nuclei

∆ I =1 doublet bands have been observed. ∆∆ I =1 doublet bands have been observed. I =1 doublet bands have been observed. 

One neutron hole and one proton particle
coupled with a rigid triaxial rotor

Support the chiral doublet bands 

Support the chiral doublet bands 



N=82N=82N=50N=50

Z=50Z=50

proton 
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proton proton 
particleparticle
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hole

neutron neutron 
holehole
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NN mass around 130 regionmass around 130 regionmass around 130 region

Features of A~130 nucleiFeatures of A~130 nucleiFeatures of A~130 nuclei

The AThe A~~130 nuclei have 130 nuclei have several valence protonsseveral valence protons outside the closed shell Z=50 outside the closed shell Z=50 
and and several neutron holesseveral neutron holes with respect to the closed shell N=82. with respect to the closed shell N=82. 
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Energy staggering of 
even-odd spin states 
on the quasi-γ band

Energy staggering of Energy staggering of 
eveneven--odd spin states odd spin states 
on the quasion the quasi--γγ bandband

132132Ba expt.Ba expt.

γ-unstableγγ--unstableunstable

Low-lying collective states Low-lying collective states 

Oblate Prolate

Mean field theories are not applicable.Mean field theories are not applicable.

Exact shell model calculations are not possible.Exact shell model calculations are not possible.

proton

Pair-truncated Shell ModelPairPair--truncated Shell Modeltruncated Shell Model



Pair truncated shell modelPair truncated shell modelPair truncated shell model

Nucleon Closed shell
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SDSD--pair+1 particle statepair+1 particle state

Basis state of evenBasis state of even--even, oddeven, odd--mass mass 

One nucleon is included 
to the SD-pair states  
One nucleon is included One nucleon is included 
to the SDto the SD--pair states  pair states  SDSD--pair statepair state

Odd systemOdd system
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In the PTSM, the shell-model basis is restricted to the 
SD subspace with angular momentum zero (S) and 
two(D)collective pairs.

and doublyand doubly--odd nucleiodd nuclei
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Doubly-odd nucleiDoublyDoubly--odd nucleiodd nuclei

( ) ( )11/ 2 11/ 2h hν π⊗





E2 transitionE2 transitionE2 transition

M1 transitionM1 transitionM1 transition

Partial level scheme of 134LaPartial level scheme of Partial level scheme of 134134LaLa

We analyze the behavior of three angular momenta of
the unpaired neutron , unpaired proton and even-even core. 



Internal structure of doublet bandsInternal structure of doublet bands

Effective angle of two angular momenta Effective angle of two angular momenta 

Square of core Square of core 
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The effective angles of two 
angular momenta of the neutrons 
and protons in the 0h11/2 orbitals 
calculated in the PTSM. 

The squares of core angular momentum 
calculated in the PTSM. 

The effective angles never 
become zero because of 
quantum fluctuations.

The effective angles never The effective angles never 
become zero because of become zero because of 
quantum fluctuations.quantum fluctuations.



Partial level scheme of 134LaPartial level scheme of Partial level scheme of 134134LaLa

M1 transitionM1 transitionM1 transition

The chopsticks motion of the unpaired neutron and unpaired protoThe chopsticks motion of the unpaired neutron and unpaired proton n 
in 0hin 0h11/211/2 orbitals enhances the B(M1) values to be large.orbitals enhances the B(M1) values to be large.

chopsticks 
configuration
chopsticks chopsticks 

configurationconfiguration

EachEach∆∆ II == 2 E2 band arises from the 2 E2 band arises from the 
quadrupole collective excitation of quadrupole collective excitation of 
the eventhe even--even part of the nucleus.even part of the nucleus.

E2 transitionE2 transitionE2 transition



E2 transitionE2 transitionE2 transition

M1 transitionM1 transitionM1 transition

The νh11/2× πh11/2 bands are interpreted as arising from the chopsticks 
configurations of the two angular momenta of the unpaired nucleons, and the 
quadrupole collective excitations of the even-even core. 

chopsticks 
configuration
chopsticks chopsticks 

configurationconfiguration

PTSM resultPTSM resultPTSM result

○



SummarySummarySummary
PTSM calculations were carried out PTSM calculations were carried out PTSM calculations were carried out 

for the doubly-odd nucleus 134La.for the doublyfor the doubly--odd nucleus odd nucleus 134134La.La.
Good agreement with experiment for both energy levels 
and electromagnetic transitions is obtained.

The structure of the νh11/2 × πh11/2 bands is well explained 
by the chopsticks configurations of the unpaired nucleons, 
weakly coupled with the quadrupole collective excitations of 
the even-even part of the nucleus. 

○

Similar results are obtainedSimilar results are obtainedSimilar results are obtained

for doubly-odd nuclei 130Cs, 130Cs and 132La.for doublyfor doubly--odd nuclei odd nuclei 130130Cs, Cs, 130130Cs and Cs and 132132La.La.
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The detailed results and their analyses are presented in The detailed results and their analyses are presented in The detailed results and their analyses are presented in 


