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Originally suggested in 1997 

chiral doublet bands

Identified in 2001

Chirality

 The investigation of chirality in atomic nuclei is one of the hottest topics 
in nuclear physics.



Experimental progress

 So far, more than 40 chiral doublet bands have been found in the A~80,
100, 130, and 190 mass regions. Meng&Zhang, JPG 37, 064025 (2010); Meng&Chen&Zhang,

IJMPE 23, 1430016 (2014); Meng&Zhao, PS 91, 053008 (2016)



 In the past three years, 6 papers were published at PRL!

Experimental progress

 Searching for more chiral candidates and novel phenomena are still hot topics.

2013-04-24

2014-07-14

2014-05-20

2016-03-14

2014-02-03

2014-05-20

In this talk, new experimental results on 133La will be reported.



 TAC + RPA Mukhopadhyay2007PRL; Almehed2011PRC

 Tilted axis cranking (TAC)

Theoretical progress

 Single-j model Frauendorf_Meng1997NPA;

 Hybird Woods-Saxon and Nilsson model Dimitrov2000PRL

 Skyrme Hartree-Fock model Olbratorwski2004PRL, 2006PRC

 Covariant density functional theory (CDFT) Madokoro2000PRC

 TAC + Collective Hamiltonian Chen2013PRC, 2016PRC

 Triaxial PRM

 One-particle-one-hole PRM Frauendorf_Meng 1997NPA;  Koike2004PRL; Peng2003PRC;  Qi2009PRC, CPL2010; 

Chen2010PRC; Zhang2016CPC

 Two quasiparticles PRM Starosta2002PRC; Koike2003PRC; Zhang2007PRC; Wang2007PRC, 2008PRC, 2010PRC; 

Qi2011CPL; Lawrie 2008PRC, 2010PLB; 

 n-particle-n-hole  PRM Qi2009PLB, 2011PRC; 

 PRM + CDFT Ayangeakaa2013PRL; Lieder2014PRL; Kuti2014PRL; Liu2016PRL

See Professor Meng’s talk for details

In this talk, the PRM+CDFT will be applied to describe the
newly observed triaxial band structure in 133La.
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Particle rotor model

 PRM Hamiltonian:

 Collective part:

 Intrinsic part:

 EM transitions:

 E2 operator:

 M1 operator:

 Angular momentum:

by X. H. Wu

(b, g) by 

CDFT

See also Professor Starosta’s talk



Covariant density functional theory
 Energy density functional (point-coupling):

 Local  densities (𝝆) & currents (j);  S: scalar; V: vector;  T: isovector

 α,  β,  γ,  δ denote ~11 parameters,  like: PC-F1, DD-PC1, PC-PK1, ……

Burvenich2002PRC, Niksic2008PRC, Zhao2010PRC

 Constraint calculation on quadrupole moment:

 (b, g) constraint:

 b
2 constraint:

Dirac eq.

See also Professor Vretenar’s talk
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Results and discussion

 Facility: Two separate experiments were performed using the ATLAS

superconducting linear accelerator facility at Argonne National Laboratory

(Nov. 2008, Aug. 2011).

 Reaction: 116Cd(22Ne, p4n) with a bombarding energy of 112 MeV.

 Target: (1) a foil of isotopically enriched 116Cd, sandwiched between a 50

mg/cm2 thick front layer of Al and a 150 mg/cm2 Au backing; (2) a target of the

same enrichment and thickness but evaporated onto a 55 mg/cm2 thick Au foil.

 Detector: Gammasphere array, 101 (88) HPGe detectors.

 Event: A combined total of approximately 4×109 four- and higher-fold

coincidence events were accumulated during the two experiments.

See details also at 
Ayangeakaa2013PRL, 2016PRC (133Ce), Petrache2016PRC (134Ce)

The experiment was performed by our experimental collaborators

 Experimental information



Level scheme
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 Level scheme of 133La

Longitudinal wobbling,
See Professor Palit’s talk,
Biswas2016arXiv



Quasiparticle alignments

 Quasiparticle alignments
 Q1, Q2: ~7ℏ,
 D1, D2: ~10ℏ,
 Q8, Q9: ~20ℏ,
 D4: ~11ℏ, Low

High

Longitudinal wobbling band,  Biswas2016arXiv

Pythagorean theorem



Results and discussion

 Triaxial RMF calculations

 Numerical details:
 Interaction parameter: PC-PK1; Zhao2010PRC
 Harmonic oscillator shells: Nf = 12;
 Paring correlations are neglected.

 The constrained triaxial relativistic mean field calculations have been
performed to obtain the potential energy surface in the β-γ plane and
potential energy curve along b-direction. Meng2006PRC



PES and SPE

 Potential energy surface (PES)
 Minimum: (𝜷 = 𝟎. 𝟏8, 𝜸 = 𝟏𝟔o).
 A moderate g softness.

 Single particle energy level (SPE)
 Ground state: 𝝅(1g7/2)

-1.



Potential energy curve

 Potential energy curve and configuration information

The deformation parameters will be
input to the PRM.

Adiabatic cal. (circles) & configuration-fixed cal. (lines)



Results and discussion

 Triaxial PRM calculations

 Numerical details of bands D1, D2 and Q8, Q9
 Deformation parameters: taken from CDFT.
 Irr. MOI: 𝓙𝟎 = 19 ℏ𝟐/MeV and 𝓙𝟎 = 41 ℏ𝟐/MeV.
 Coriolis attenuation factor: 𝝃=0.96 and 0.94.

 Numerical details of band D4
 Deformation parameters: taken from CDFT.
 Irr. MOI: 𝓙𝟎 = 25 ℏ𝟐/MeV and 𝓙𝟎 = 20 ℏ𝟐/MeV.

MOI are adjusted to

the energy spectra



Bands D1, D2 and Q8, Q9

 Bands D1, D2
 The experimental energy spectra and B(M1)/B(E2) of bands D1, D2 are

well reproduced.
 The energy differences between the doublets are small. Their B(M1)/B(E2)

values are similar. Chiral doublet bands

 Bands Q8, Q9
 They are quadrupole bands. The experimental energy spectra is well

reproduced.



Bands D1, D2 and Q8, Q9

 Bands D1, D2
 The angular momenta of bands D1 and D2 are similar. The rotor and proton

mainly align along the i- and s-axes. The neutron holes are significant the l-axis
and s-axis. This leads to the 3D chiral geometry.

 Bands Q8, Q9
 The angular momenta mainly along the i-axis.

A transition occurs from an aplanar rotation to a principal axis one.



Band D4

 Band D4
 The experimental energy spectra of

band D4 is reproduced respectively
by 3-qp and 5-qp configuration.

 B(M1) decreases while B(E2)
increases at low spin part. B(M1) is
large while B(E2) is small.

Magnetic rotational band: lifetime



Band D4

 Band D4
 Low: the rotor lies in the i-s plane. The proton, and the neutron mainly

align along the s-, and l-axis. This leads an aplanar rotation but very close
to l-s plane.

 High: obvious odd-even staggering, corresponding to the signature
splitting of energy spectra.

A transition occurs from a planar rotation to a principal axis one.
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Summary

 With the experimental results of 133La by our collaborators, detailed
calculations using constrained CDFT and PRM have been performed to assign
the configurations for the observed bands, and understand their structures.

 The nearly degenerated bands D1 and D2 is interpreted as chiral doublet
bands. The dipole band D4 is interpreted as magnetic rotational band. At their
high spin part, transitions from tilted axis rotation to principal axis rotation
are found.

 In the furfure, the lifetime measurement is highly expected for these bands to
reach a definitive conclusion.
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