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Background and Motivation

Collectivity and
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Background and Motivation

Moller Chart of Nuclides 2000
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courtesy of RD Page, LISA presentation
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Background and Motivation

The neutron-deficient A∼160 nuclei
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Background and Motivation

The neutron-deficient A∼160 nuclei

Prior knowledge of excited states in 166Re and 162W

α-decay of 170Ir

M1E1

B. Hadinia et al., PRC76, 044312 (2007)

✓

✓✓
✓

✓

G.D. Dracoulis et al., Proc. Int. Conf. Nuclear Structure at High

Angular Momentum, Ottawa 2, 94 (1992)
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Experimental Setups

JYFL: JUROGAM II + RITU + GREAT

Experimental Details

I Reactions: 92Mo(78Kr, 3pn)166Re
92Mo(78Kr, 2α)162W

I Ebeam=380 MeV

I Accelerator: K-130 cyclotron

I Target: 0.6-mg/cm2 92Mo

I DPUNS Plunger: 1-mg/cm2 Mg
degrader with the distances of 5, 100,
200, 500, 1000, 2000, 3000, 5000,
8000 µm

I JUROGAM II + RITU + GREAT

I Beam time: ∼7 days

>

-

Figure courtesy of Dave Seddon (Liverpool)
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Data Analysis and Results

Rotational bands and Lifetime Measurements in 166Re
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Data Analysis and Results

Rotational bands and Lifetime Measurements in 166Re

Routhian & Alignment & Cranked Routhian Calculations
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Data Analysis and Results

Rotational bands and Lifetime Measurements in 166Re

B(M1)/B(E2) & Signature Splitting & Particle Rotor Model

Calculations
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Data Analysis and Results

Rotational bands and Lifetime Measurements in 166Re

Lifetime Measurements of Excited States
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Data Analysis and Results

Recoil-decay Tagging Spectroscopy of 162W

Level Scheme & Systematic Comparison & Total Routhian Surface
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Data Analysis and Results

Recoil-decay Tagging Spectroscopy of 162W

Routhian & Alignment &
Cranked Routhian
Calculations
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Data Analysis and Results

Recoil-decay Tagging Spectroscopy of 162W

Half-life Measurements of α-decaying States
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Summary

166Re

162W

F First identification of two rotational bands
F Backbending of band (1) may originate from i13/2 BC crossing
F Signature inversion in band (2) is reproduced by PRM with
F mixed πh11/2 ⊗ ν[f7/2/h9/2] configuration
F Lifetimes of three excited states have been measured
F Possibility of magnetic rotation has been tested

♠ Identification of a rotational band with RDT technique
♠ Band crossing may associate with ν[f7/2/h9/2] alignment
♠ Half-life of α-decay ground state has been measured, a big
♠ deviation with the adopted value
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Summary
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Summary
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Summary

I Octupole Correlations in 147,152Ce
H. J. Li et al, Phys. Rev. C 86, 067302 (2012)
H. J. Li et al, Phys. Rev. C 90, 047303 (2014)

I Multi-phonon γ-vibrational bands in 138Nd and 105Nb
H. J. Li et al, Phys. Rev. C 87, 057303 (2013)
H. J. Li et al, Phys. Rev. C 88, 054311 (2013)

I Traxiality in 99Tc
H. J. Li et al, Phys. Rev. C 91, 054314 (2015)

I Band Structure and Lifetime Measurements in odd-odd 166Re
H. J. Li et al, Phys. Rev. C 92, 014310 (2015)
H. J. Li et al, Submitted to PRC in 2015, Lifetime measurements in 166Re

I Collectivity in 162W and odd-odd138Pm
H. J. Li et al, Phys. Rev. C 92, 014326 (2015)

H. J. Li et al, Eur. Phys. J. A 51, 60 (2015)

Thank you!
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Backup

Proton Drip Line

Difficulities:

⇒Low cross section:
Competition with fast
fission

⇒Selectivity: Too many
open reaction channels,
Low α-decay branching
ratio(166Re)

courtesy of RD Page, LISA presentation
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Backup

VMI

“Ground state bands” in even-even nuclei:
Rotational term: ~

2I (I+1)
2JI

+ Potential term: ∝ (JI − J0)
2

The level energy: EI = 1
2C (J − J0)

2 + 1
2 [I (I + 1)/J ].

(C: “restoring force constant”, JI : moment of inertia for each
state with spin I )

The equilibrium condition for each spin I : ∂E (J )/∂J = 0

each nucleus is characterized by (J0, σ)
(J0 is the moment of inertia of the ground state, σ is a “softness
parameter”, σ = 1/2CJ0)

Mariscotti et.al Phys Rev 178, 1864 (1968)
Back to main
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Backup

B(M1)/B(E2)

B(M1; I → I − 1) = |〈II|µ(M1)|I− 1 I− 1〉|2 = 3
8πµ2

⊥
µ⊥ = K

I [(g1 − gR)(
√

I 2 − K 2 − i1)− (g2 − gR)i2]
B(M1;I→I−1)
B(E2:I→I−2) = 0.697 1

λ

E5
γ(E2)

E3
γ(M1)

1
1+δ2 [

µ2
N

e2b2 ] (exp.)

= 12
5Q2

0cos2(γ+30◦) [1− K2

(I−1/2)2
]−2 K2

I 2 × [(g1 − gR)(
√

I 2 − K 2 −
i1)(1± ∆e′

~ω )− (g2 − gR)i2]
2 (theo.)

F. Dönau and S. Frauendor, High angular momentum properties of nuclei, 1983 Back to main
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Backup
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Backup

162W-TRS
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Backup
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Backup

Recoil Decay Tagging experiments with the gas-filled
magnetic separator RITU

Courtesy of Torbjörn Bäck

Bρ = mv
qave

≈ 0.0227 A

Z1/3 [Tm], v/c ≈ 0.04, time-of-flight≈0.5 µs
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Backup

Outlook

Open
Questions

Fingerprints of
Radioactive Ion
Beam Facilities

Tracking
Spectrometers

♣ Consistent explanation of signature inversion
♣ Lack of lifetime data on odd-odd nuclei

F RIBF at RIKEN in Japan
F SPIRAL2, SPES and FAIR in Europe
F FRIB in USA
F RIBLL in China
F RAON (happy) in South Korea (HIA)
F and so on...

♠ AGATA in Europe
♠ GRETA in USA
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