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Three successful experiments

RITU + JUROGAM II – 2016 (12 articles: 10 published, 2 submitted) 
136Nd – chirality (3), triaxiality (1), HD bands (1), octupole correlations (1),

      2-qp wobbling (1 submitted)
135Nd – chirality (1), TiP (1 submitted)
137Nd – chirality (1), oblate rotation at the highest spins (2)

GALILEO+EUCLIDES+N WALL - 2017 (7 articles: 4 published, 3 submitted) 
130Ba – diversity of shapes and rotations (1), high-K isomer (1), 

2-qp wobbling (1), detailed spectroscopy (1 submitted)
131Ba – chirality (1), detailed spectroscopy (2 to be submitted)

EAGLE+plunger – 2016 (1 article)
136Nd – lifetime of the 10+ states 



JUROGAM II + RITU, 40Ar+100Mo �  Nd
 20 pnA, 1 week, October 2016
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GALILEO n-wall

EUCLIDES

GALILEO+EUCLIDES+n wall, 
13C+122Sn �  Ba, 1 week, March 2017



EAGLE Plunger

Important collaborators

EAGLE+plunger, 
20Ne+120Sn �  136Nd, 1 week, December 2016



Chiral mode



NEW (2018): 
Chirality in even-even nuclei



ννhh11/211/2
-1-1

νν h h-1-1
  π π hh22
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CP et al, PLB 373 (1996)

GASP data
Wobbling?

No chiral!?



First observation of five chiral doublets
in one nucleus:

apotheosis of chirality in the 
even-even 136Nd nucleus

CP, B.F. Lv,  et al.

PRC 97 (2018) 041304(R)



Ultimate chirality : clear evidence in even-even nuclei  

Hunted since 
20 years !

  CP, B.F. Lv et al, PRC 97 (2018) 041304(R)



136Nd – D2 chiral doublet
π π hh3 3 (dg)(dg)-1 -1 ⊗⊗    ν hν h--11(sd)(sd)-1-1

Chiral



136Nd – TAC-CDFT calculations by Meng's group





l Numerical details
● Confguration: π (1h

11/2
)2 (1g

7/2
)-2 ν (1h

11/2
)-1 (1f

7/2
)1

● Deformation: (β = 0.26,  γ=23.0o)
● Irr. MOI: ℑ = 40 MeV
● Coriolis attenuation factor: 0.93

136Nd – chiral doublet D5
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Multiple chiral bands in 135Nd 
B.F. Lv et al - PRC 100 (2019) 024314
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Chiral bands of 131Ba

From D7 to D3-D6
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Chiture A, similar to signature R

New quantum numbers

Chiplex B=AP, similar to simplex  S=R(π)P 



New chiral bands in A=130 region

137Nd
135Nd

136Nd

134Pr

NEW
NEW

NEW

 B.W. Xiong, Y.Y. Wang, ADNDT 125 (2018) 193: Nuclear chiral bands data tables
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NEW131Ba



Wobbling outside of the
A=160 mass region

- high-spin  2-qp bands: YES
- low-spin 1-qp bands: NO



Wobbling bands – theoretical predictions
and calculations

High spins 
γ-rigid
Rigid MOI
Shimizu 1995
Hamamoto 2002  
Matsuzaki 2003 
Tanabe 2006 
Oi 2006 
Raduta 2020
…
and many others

Low spins 
γ-rigid 
Rigid & Hydrodynamic MOI
Frauendorf-Dönau 2014 
Chen 2016 
Tanabe 2017 
Budaca 2018 
Qi 2020
γ-soft 
Casten 2003
…
and many others

1975, Bohr-Mottelson, Chapter 4,
States with large I (I2 >> I

2

2+I
3

2) 

1975 20202001



Reported wobbling bands

High spins
Large quadrupole
deformation (β~0.4)
γ-rigid
Interpreted by top-on-top
with rigid MOI

Low-medium spins
Moderate quadrupole
deformation (β~0.2)
γ-soft
Interpreted by transverse or
longitudinal wobbling with
hydrodynamic MOI

130Ba 2-qp 136Nd 2-qp

6 PRL
5 PLB 
2 EPJ
2 PRC



Risk of misinterpretation of low-spin bands 
in odd-even nuclei as wobbling bands instead of

Tilted Precession (TiP) bands 

 Wobbling at low spins? => questionable from both experimental and 
     theoretical points of view

 Tilted Precession at low spins – YES (1 PRC submitted)
135Nd – TiP bands (1 PRC submitted)
135Pr – questionable experimental results (1 PRC comment submitted) 
133La – questionable experimental results (1 comment in preparation) 
187Au – questionable experimental results (1 article in preparation) 
183Au, 127Xe, 105Pd – questionable wobbling interpretation

2-qp wobbling at high spins? => Maybe YES
130Ba – 2-qp wobbling (1 PLB)
136Nd – 2-qp wobbling (1 PRC submitted)



Wobbling of 2-qp bands
at high spins

z
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Wobbling 1-qp bands 
at low spins

 
– questionable

– high risk of misinterpretation

z



Revolving towards the medium axis
No stable transverse geometry !!!

Tanabe, PRC 95 (2017)

135Pr
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TransverseLongitudinal

SphericalAxial
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Submitted to PRC
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PRM calculations by E. Lawrie
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Problems with experimental results 

Not easy to extract convincing mixing ratios from
angular distributions of transitions with 10%

relative intensities!

Polarization asymmetry has very large errors for
weak transitions!

135Pr

133La

Matta, PRL 2015 

Sensharma, PLB 2019 

Sensharna, PRL 2020 

Biswas, EPJA 2019 



Problems on 135Pr
Misleading!

Very similar, 

not convincing!

Credit to Guo Song, IMP Lanzhou



z

R. Garg, PRC 2019



z

133La

Zero background!

Very similar, 

not convincing!

Misleading!

Should be here!

Much higher statistics,
but the same error!



z

No wobbling in 187Au !



z



z

PTRM calculations for 187Au : 
different 1-qp configurations, not wobbling bands!

h
9/2
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Thank you !

z
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