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Nuclear Shape Phase Transition and CPS models

X(5)

E(5)

X(5)

Z(5)

g e= 0°

g e =60°

g e =30°

Critical point symmetry (CPS)

T(5)

E(5) , X(5), Iachello, PRL 85,3580 (2000); PRL87,052502 (2001)
Z(5), Bonatsos, et al., PLB 588,172(2004)
T(5), Zhang, et al., PLB 751,423(2013)
…

g e= 0°

g rigid solutions

X(4), R. Budaca, A.I. Budaca, PLB 759,349(2016)
X(3), Z(4),  Bonatsos, et al., 621,102(2005); PLB 632,238(2006)
T(4), Zhang, et al., PRC 96.034323(2017)



Triaxial critical point symmetry
----- A bridge between “b-soft” QPT and “g-rigid” Triaxiality

T(4), YZ, Pan, Liu, et al., PRC 96,034323(2017)
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T(4) CPS = An exactly solvable b -soft rotor

For example: one control parameter g  ~ 9°-27°:
Nd150, Yb160, Xe126, Pd108, Xe128, Zn62



T(4) CPS for odd systems

Core + particle coupling formulas:

1 Core: 2 Particle:

Single-j:

4 Solution: 

3 Eigenvalue equation : 

“x” is the zeros of the Bessel functions, which generate the representation 
basis for the Euclidean group, like in the other CPS models. 



An example : even-even core fixing the parameters

All parameters:

R42 ³ 2.66 
For irrotational flow rotor

Average b deformation:



An example: odd-odd with particle + hole configuration

b + g vibration:
ZY, B. Qi, S.Q. Zhang
Science China-Phys. Mech. Astron 
(2021) 64:122011

b vibration of chiral doublets

Multiple chiral doublets



An example: odd A with one particle configuration

b vibration

Multiple wobbling bands



A) The CPS method is extended to present a unified description of even 
and odd mass nuclei through the core-coupling scheme, by which a 
link between language of shape transition and chiral/wobbling is 
provided.

B) It seems that beta-soft cannot affect the basic features of chiral and 
wobbling-like modes induced by gamma-rigid triaxiality.

C) Within the present collective model, collective vibration of the chiral 
and wobbling bands are allowed.

Thank You!

Conclusion



Neutron-deficient nuclei: Normal and Abnormal  

R4/2=2.34 
B4/2=0.55(19) 



Anomalous 
B4/2 < 1.0


