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Ⅰ. Introduction
❖ Yrast levels of even-even nuclei
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❖ Reduced transition probability B(E2; 2+
→0+)

S. Raman, C. W. Nestor, Jr., and  P. Tikkanen, At. Data Nucl.
Data Tables 78, 1(2001)
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)1()N(exp)N(expAE nnnpppx −+−+= −

• mass number : A,    valence proton (neutron) number : )(NN np

❖ Our Empirical Formula
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Ref.[1] :  D. Kim, E. Ha, and D. Cha, Nucl. Phys. A 799, 46 (2008)
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)N(exp)N(expAE nnnpppx −+−+= −
❖ Example :
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(b) Isotonic Chains
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The physical meaning of the 
empirical formula ?
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In the deformed nuclei around doubly mid-shell region

)2(AEmid
x −

,6,4,2J +++ =

)3(
I2

)1J(J
)J(E

2

rot 
+

=+

Ref.[2] : G. Jin, D. Cha, and J-H Yoon, J. Korean Phys. Soc. 52, 1164(2008)

The rotational energy for the rotational bands such as

• J : total angular momentum
• I : effective moment of inertia

If a nucleus is a rigid body having the axial symmetry about 
the intrinsic 3 axis
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• nuclear mass 

• nuclear mean radius

• distortion parameter

Ref.[3] : A. Bohr and B. R. Mottelson, Nuclear Structure, Vol. Ⅱ

Ⅱ. Model and Interpretation



13

)5(kII rig =

)6(A')J(E '
rot −+ =

)1(2.1uk4

5

67.13/5',)1J(J'

3

2

2

0

0

+
=

=+=



rigI

By inserting Eq (5) into Eq (3)

The observed moments of inertia are smaller than the moment of 
inertia given by Eq (4),       , around the doubly mid-shell

2/1k =
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We perform the      analyses
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❖ Excitation energies of              : Measured  vs.  Calculated 
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Ⅲ. Results and Discussion
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❖ Excitation energies of                        : Measured  vs.  Calculated
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Ⅲ. Results and Discussion



18

0and 














−

−

)Ybfor(4
A

A 174
70)67.1(

)40.1(

❖ for the three different

2 4 6 8 10
0

20

40

60

80

0

2000

4000

6000

8000

10000


 (
M

e
v
)

(b)


 (

M
e
v
)

J
+
 

 
 

 

 

(a)  =1.67

  =1.40

 unfixed  from Ref.[1]  

 

 

 

 



++=

+=

−

−

A)1J(J

AE

0

x



19

❖ First term of the empirical formula for the three different
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❖ Excitation energies of the       states for the first, two exponential, 
and all term
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◼ The term of           can be obtained by considering the moment of 
inertia of a deformed nucleus can interpret well previous analyses.

◼ It is remarkable that the parameters              extracted earlier 
research agree with those (            ) obtained from the rotor model 
and that the previous values of     divided by J(J+1) are almost 
constant as expected from the rotor model.

◼ The excitation energies calculated with constant             can 
describe the main essential features of the measured first excitation 
energies for all of the natural parity even multipole states in even-
even nuclei.

◼ The empirical formula can be well separated into the moment of 
inertia term          and the two exponential terms which are thought 
to be related to the shell effect.
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Ⅳ. Summary


