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Signature splitting in 129Ce*
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Abstract The high spin states of 129Ce have been populated via heavy-ion fusion evaporation reaction 96Mo

(37Cl, 1p3n) 129Ce. The γ-γ coincidence and intensity balance used to measure the B(M1;I → I−1)/B(E2;I →

I−2) (the probability ratio of the dipole and quadrupole transition) in ν7/2[523] rotational band of 129Ce. And

the energy splitting (∆e′) has been got through the experimental Routhians. The lifetimes and quadrupole

moments Qt have been extracted from the lineshape analyses using DSAM. The deformation of the ν7/2[523]

rotational band of 129Ce was extracted from the Qt and moment of inertia JRR.
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1 Introduction

Signature splitting and inversion have been ob-

served in the nuclei with A∼80, 100, 130 and 160. As

one of the explanations to the signature splitting and

inversion, triaxial deformation is closely related to tri-

axial super deformation, Magnetic Rotation and Chi-

ral Rotation. Theoretical arithmetic has been done

for triaxial deformation, but no experimental proof.

In the present work, the lifetimes and quadrupole mo-

ments Qt of the ν 7/2−[523] band of 129Ce have been

determined, and an evidence for the signature split-

ting resulted from γ deformation is provided.

2 Experiment

The experiment was carried out in the HI-13 tan-

dem accelerator at the China Institute of Atomic En-

ergy. The high spin states of 129Ce have been popu-

lated via heavy-ion fusion evaporation reaction 96Mo

(37Cl,1p3n)129Ce. The beam energy was 155 MeV and

the target was of thickness 1.0 mg/cm2, mounted on

a 19 mg/cm2 Pb backing. The γ-rays from the evapo-

rated residues were detected with an array consisting

of fifteen Compton suppressed HPGe-BGO spectrom-

eters. A total of about 2.46× 108
γ-γ coincidence

events were collected.

3 Data and results

The lifetimes and quadrupole moments Qt have

been extracted from the line shape analyses using

DSAM (shown in Table 1). It is concluded that the

average value of Qt is about 4.127 eb after backbend-

ing. Fig. 1 shows fitted line shapes for the 579 keV

and 739 keV transitions in 129Ce. Both display the

backward angle spectra. The solid line display the

total fitted line shape.

At very high spin and for member states of a ro-

tational band the quadrupole transition moments de-

pend only on the deformation parameters β and γ

as[1]
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Qt = 3

√

1

5π
ZeR2

0β cos(30◦+γ)/cos30◦ , (1)

with the nuclear charge Z and the mean nuclear ra-

dius R0, which is assumed to have a mass dependence

of R0 = 1.2A1/3.

Table 1. Lifetimes and quadrupole moments Qt

in the negative band of 129Ce.

spin Eγ/keV Qt/eb τ/ps

21/2− 722 6.503(91) 0.295(80)

23/2− 727 3.984(1394) 0.875(495)

25/2− 756 3.570(108) 0.482(32)

27/2− 739 2.942(642) 1.282(416)

29/2− 542 5.080(503) 1.651(382)

31/2− 571 4.592(912) 1.127(395)

33/2− 579 6.301(1907) 0.427(348)

35/2− 655 4.703(1477) 0.474(365)

37/2− 718 >3.551 <0.480

39/2− 793 >3.209 <0.405

Deformation should also be reflected in a variation of

the collective moments of inertia, which depend on

the quadrupole deformation parameters β and γ as

JRR =
2

5
MR2

0

(

1+

√

4

5π
β sin(30◦+γ)

)

. (2)

With, M stands for the mass of the nucleus, and JRR

rigid-rotor moments of inertia the momentum of in-

ertia of the system.

Fig. 1. Fitted line shapes for the 579 keV and

739 keV transitions in 129Ce.

Where JRR can been obtained from the experi-

mental transition energies and spins. The average

value of JRR is 50.7 MeV−1
~

2 after the backbend-

ing. The deformation of the negative band of 129Ce

was extracted through the simultaneous solution of

equations for Qt and JRR. It is concluded that the

γ deformation is about 0 degree and β is 0.27 after

the backbending with JRR = 50.7 MeV−1
~

2 and Qt =

4.127 eb.

On the other side, the γ-γ coincidence and in-

tensity balance used to measure the B(M1;I → I −

1)/B(E2;I → I−2) (the probability ratio of the dipole

and quadrupole transition) in ν 7/2[523] rotational

band of 129Ce. And the energy splitting (∆e′) has

been got through the experimental Routhians. Using

expressions of the relation between signature split-

ting of B(M1) and energy splitting (∆e′) presented

by Hagemann and Hamamoto[2], we can determined

on the magnitude of γ deformation. The relations of

them are shown in Fig. 2 and Fig. 3.

Fig. 2. Signature splitting in ν7/2−[523] band.

�, α = −1/2; 4, α = +1/2, S(I) = E(I)−

E(I−1)−[E(I+1)−E(I)+E(I)−E(I−2)]/2.

Fig. 3. The relation between signature spli-

tting of B(M1) and energy splitting

(∆e′). �, signature splitting of B(M1):
∆B(M1;I → I−1)

〈B(M1;I → I−1)〉
; 4, energy splitting (∆e′):

4(∆e′/~ω)

1+(∆e′/~ω)2
.
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The two figures show that while the signature

splitting are decreasing closed to zero, its energy split-

ting (∆e′) are gradually equal to the signature split-

ting. The γ deformation became to zero from nega-

tive determined on the method given by Hagemann

and Hamamoto.

Fig. 4. The relation between signature splitting

of B(M1) and energy splitting (∆e′) before

backbending. �, signature splitting of B(M1):
∆B(M1;I → I−1)

〈B(M1;I → I−1)〉
; 4, energy splitting (∆e′):

4(∆e′/~ω)

1+(∆e′/~ω)2
.

In 129Ce, the negative-parity bands arise from an

h11/2 neutron on the [523]7/2 Nilsson orbital. The

signature splittings in the bands are discussed in

terms of the cranked shell model[3]. It is indicated

that the three-quasiparticle bands including two h11/2

quasiprotons have γ ∼ 0 deformation after the band

crossing. It is consistent with the result of our work.

We propose that the signature splitting in ν7/2−[523]

rotational band of 129Ce arises from the γ deforma-

tion.

Fig. 5. The relation between signature split-

ting of B(M1) and energy splitting (∆e′) after

backbending. �, signature splitting of B(M1):
∆B(M1;I → I−1)

〈B(M1;I → I−1)〉
; 4, energy splitting (∆e′):

4(∆e′/~ω)

1+(∆e′/~ω)2
.

The isotones of 129Ce are discussed in the rela-

tion between signature splitting of B(M1) and energy

splitting (∆e′). The relation of them are showed in

Fig. 4 and Fig. 5. In the Fig. 4, the isotones have

negative γ deformation before backbending. And the

value of γ tends to zero with the protons increasing.

While as the Fig. 5 shown, the value of γ deformation

is changed from zero to negative after backbending.
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