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Scientific Motivation
• The limit of nuclear stability
Nuclear shell structure is essential 
to stabilize against fission in large Z 
nuclei
• Predicted shell structure 

at Z�114, 120, 126, N�184
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R.R. Chasman et al.
Rev. Mod. Phys. 49
833 (1977)
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Scientific Motivation
• The limit of nuclear stability
• Predicted shell structure at Z�114, 120, 126, N�184
• Single particle orbitals: πf5/2, j15/2, νh11/2, k17/2
→ lowering near Fermi surface in deformed Z�100, N�154
• 254Es(Z=99, N=155) is in deformed region
• To understand shell structure, single-particle orbitals 

→ systematic studies of excited levels, spin and parity, 
deformation

By Coulomb excitation, study excited states and deformation
→ 249Cf(Z=98,N=151) as one of systematic studies in this region

254Es Coulex will be performed soon
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Systematics of Cf isotopes

2020/1/15 �������� 6

147 149 151 153 155

148 150 152 154



1/2+
7/2+

9/2-

1/2+
7/2+

7/2[613]
Si

ng
le

-p
ar

ti
cl

e 
en

er
gy

 [M
eV

]
Single-particle diagram

2020/1/15 �������� 7

R.R. Chasman et al.
Rev. Mod. Phys. 49, 833 (1977)



249Cf(Z=98,N=151)

From B(E2) 
àthe quadrupole deformation of 249Cf.

S.S. Hota, et al., Phys. Lett. B 739 (2014)  13
�������� 8

Fm, No: E(2+) energy 
→ Grodzins systematics:τ∝E-4Z-2A → β2

249Cf+208Pb νj15/2 band
PRC73, 024308, PRC65, 014303
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target

Coulomb field

de-excitation

b
Projecitle

Coulomb excitation (particle-gamma coincidence)
Coulex – the most powerful and direct
experimental method to study nuclear collectivity
and shapes.

Excitation mechanism –
purely electromagneticSilicon CD detector

“safe” energy  
70MeV(18O)
225MeV (58Ni)
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Scheme of detector system

Detector system
Distance to the target : 20 mm

Forward : 16 rings (50o – 67o)

Backward : 15/24 (120o – 135o)

ForwardBackward

targetSi CD

Si CD

4 HPGe detectors 
Φ66.1mm x 75.2 mm

photon
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Distance from target to Ge: 
~84[mm]

Ge

Beam

Ge

Ge

Target chamber
SiCD inside

2020/1/15 �������� 11



249Cf

Ni

• 1mm diameter�
• 20µg/cm2 thickness
• Electrodeposited on 0.3mg/cm2

Ni foil

249Cf Target
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Particle-gamma 
coincidence analysis

Scattering peak

α –peak  5.813MeV

00

most outer channel of forward Si

TDC range is 800ns with 
resolution of 8192 channels.

channel

forward

back ward

Ge-Si TDC spectrum

Silicon energy spectrum
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Gamma-ray spectrum 
(18O beam)

74

Energy [keV]

Backward

Forward
Experimental intensity: 74 keV, 136 keV, 182 
keV
Branching ratio : 74 keV / 136 keV

GOSIA input to deduce matrix element 
and deformation

2020/1/15 �������� 14



GOSIA
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T. Czosnyka, D. Cline, C.Y. Wu –
Am. Phys. Soc. 28:745 (1983)



Result 152

[734]9/2-
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Red: quadrupole deformation (left)

Blue: Moment of inertia (right)

Quadrupole deformation, 

Moment of inertia
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21/29/2

Cranked Shell Model

Z.H.Zhang et al.:PRC83

Upbending due to πi13/2 

proton alignment

(ε2, ε4) = (0.248, 0.008)

Exp.: 

β2 = 0.27(5)

ε2 =  0.27(4)



Summary
• Successfully performed Coulomb excitation gamma-ray spectroscopy 

of 249Cf for the first time
• Analyzed the experimental intensity and branching ratio of low-lying 

states in 249Cf using 18O beam Coulex
• Higher-spin states studied by 58Ni beam Coulex
• Deformation of high-spin states 

up to 21/2- → constant
• The result consistent with 

ground state configuration
[734]9/2-

• 254Es Coulex is planned 
using CAGRA clover Ge detectors
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CAGRA array
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Construct Clover Array by US-Japan-China International collaboration
US(CloverShare) 10 set
Tohoku 6 set



China 	IMP) 3detectors

16 BGOACS
Clover Ge Array

Clover Array Gamma spectrometer  
at RCNP/RIBF for Advanced research



Experimental setup using CAGRA 

Si CD detector
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E42 = 3.323

E42 = 3.319

E42 = 3.320

E42 = 3.318
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End
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Thank you for your attention


