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Outline

1. Model background

2. Shape relevant stories

(I)  Shape phase transitions

(I) “Symmetry” description of nuclei without stable shape

(II) “Anomalous” in triaxial nuclei

3   Summary



A) Collective Model
B) Shell Model
C) Algebraic Model (IBM) 
D) Mean-field Method

+Projection、Cranking、
Mapping, …d

Nuclear Shapes (Deformation)

Thanks to BN Lv



SCI models for low-energy structures of nuclei

Shell Model 

(Microscopic,NN interaction)

M.G. Mayer,  J.H.D. Jenson

(1963 Nobel Prize)

Collective  Model 

(Global, Geometry)

A. Bohr, B. R. Mottelson, 

(1975 Nobel Prize)

Interacting Boson Model 

(Symmetry)

A. Arima,  F.  Iachello

(1984,1995, Nobel Prize Nomination )
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Simple model for complicate nuclear structure

interacting boson model (IBM)

Arima and Iachello, 1976

U(5)+SU(3)+O(6)

Quadrupole moment

S-Pair dominant

Potential

Modeling nuclear deformation and its evolution



Shape Phase Transition 
-A way of nuclear shape evolution

-1.5 -1 -0.5 0.5 1 1.5

0.5

1

1.5

2

-1 -0.5 0.5 1

0.51

0.52

0.53

0.54

0.55

-1.5 -1 -0.5 0.5 1 1.5

0.8

0.9

1.1

1.2

1.3

-1.5 -1 -0.5 0.5 1 1.5

0.5

1

1.5

2
-1 -0.5 0.5 1 1.5 2

0.34

0.36

0.38

-1 1 2

-2

2

4

6

8

10

Story I 



Warner, Nature, 420, (2002)

Shape phase diagram in IBM



How to “see” SPT



SPT in 2n transfer reaction

ground to ground



Intrinsic matrix elements of 

boson operators

ZY, Iachello, PRC  95 (2017) 034306

ground to excited



SPT in (p, t) reaction for Gd

YZ, Iachello, PRC 95 (2017) 034306

Nomura YZ, PRC 99 (2019) 024324



Critical Point Symmetry
--A concept for “soft” nuclei (no stable shape)

R. F. Casten

Story II 



IBM
Arima and Iachello, 1976

Eu(5)
YZ, et al, PRC, 90(2014); PLB,732 (2014); 
Symmetry (2022), 14,2219

Is CPS a group symmetry?



An example for Euclidean Dynamical Symmetry 



R4/2=2.34 Normal

B4/2=0.55 Abnormal

Normal: collective rotation or vibration!

Can “abnormal” be explained from collective R-V view?

Story III Anomalous in Neutron-deficient nuclei

---New feature emerge from triaxial shape



Anomalous 

B4/2 < 1.0



No answer to “abnormal” in traditional modes even with finiteness 

The finite triaxial mode remains to be tested



Mean-field information



The SU(3) theory for the rotor mode

In body-fixed principle axis system

(1) Geometry

(2) Algebraic

(3)Algebraic

Exact

Mapping



Deformation vs SU(3) Irreps

Key questions: 

1, How to generate the required intrinsic configuration (,)?

2, What is the microscopic mechanism?



A test for the N=8 system 

s =32



Thank You!

Views on shape at low-energy

1 Shape (deformation) is a central important in low-energy nuclear structural  

research.

2 For well-deformed nuclei, quadrupole shape can be measured by deformation  

(,)   in  a quantitative way?

3 For nuclei near spherical or critical point, “shape” is more a concept guidance  

to better understand low-energy spectrum.
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