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Outline

Prospects for decay spectroscopy of neutron-rich isotopes 

in the vicinity of 

 Doubly closed-shell nucleus 132Sn

• Long-lived spin-gap isomers in 48Cd and 47Ag 

isotopes

• Collective motions in 46Pd isotopes

 Doubly mid-shell nucleus 170Dy

• Maximum ground-state deformation

• γ- and β- vibrations

• K isomers

Summary
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• Single-particle levels

• Residual interactions

• Collectivity and shell quenching

• Maximum deformation

• Degree of axial symmetry

• Pairing energies



M.G. Mayer, Nobel Lecture (Dec. 12 1963)

J.P. Schiffer, Ann. Phys. 66, 798 (1971)

Single-particle orbits Residual interactions

Isomers near shell-closures are sensitive probes to reveal

the nature of single-particle energies and residual interactions

Single-particle energies & Residual interactions

⇒ Key ingredients for shell-model calculations 
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Long-lived isomers in the vicinity of 132Sn

High-j orbits, νh11/2 and πg9/2, play an

important role in the construction of levels

130In

128Cd



10+

T1/2 = 3.56 μs

L. Cáceres et al.,

PRC 79 (2009) 011301R

Qβ = 7.07 MeV
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Experiment

128Cd

128In
β- (93 %)

T1/2 = 340 ms
log ft = 4.17

Long-lived isomers in the vicinity of 132Sn
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A. Scherillo et al.,

PRC 70 (2004)

054318

Nucleus Jπ Configuration Decay mode

129In
23/2- π(g9/2

-1)⊗ν(h11/2
-1d3/2

-1) β

29/2+ π(g9/2
-1)⊗ν(h11/2

-2) E3

128Cd 18+ π(g9/2
-2)⊗ν(h11/2

-2) E4, E6, or β

129Cd 27/2- π(g9/2
-2)⊗ν(h11/2

-1) E3 or β

127Ag
29/2+ π(g9/2

-1)⊗ν(h11/2
-2) E3 or β 

37/2- π(g9/2
-2p1/2)⊗ν(h11/2

-2) M2, E3, or β

128Pd82 8+ π(g9/2
-2) E2

Long-lived isomers in the vicinity of 132Sn

Multi-quasiparticle isomers at high spins

Low-lying single-particle(hole) isomers

Spin gap

Odd neutron Odd proton
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Information on single-particle orbits



B. Forgelberg et al.,

PRC 70 (2004) 034312

11/2-

58.4 s

3/2+

56.0 s

1/2-
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β-

Information on single-particle orbits



Total implantation rate :  130 /s
Detection efficiency

• Σεγ = 15 % @ 661 keV

• Σεγγ = 2.1 %

• εβ = 50 %

Yield estimation for the 18+ isomer in 128Cd

 Primary beam: 136Xe at 345 MeV/nucleon, 1 pnA

 Production target: Be, 1 g/cm2

Intensity of 128Cd at F11: 14.3 /s

Isomer ratio: 5 % (assumed)

Neutron-rich Pd isotopes are

within the scope of this proposal

6 days of beam time approved by the 3rd PAC meeting

 γ-ray singles: 28k /6 days

 γ-γ coincidence: 3.9k /6 days

Angular correlation

may be possible



Collective motions in neutron-rich 46Pd isotopes
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Collective motions in neutron-rich 46Pd isotopes
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The 2+
2 states are the keys to

quantifying structural evolutions
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R.F. Casten,

Nature Physics

(2006)



Collective motions in neutron-rich 46Pd isotopes
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The 2+
2 states are the keys to

quantifying structural evolutions
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Collective motions in neutron-rich 46Pd isotopes

)2(/)]4()2([ 112

  EEE

)2(/)4( 11

 EE

The 2+
2 states are the keys to

quantifying structural evolutions

What shape do the Pd isotopes have,

γ-soft, oblate, or spherical?

 Does the shell quenching occur?

0.2

0.7

1.2

1.7

52 54 56 58 60 62 64 66 68 70 72 74 76 78 80

E
x
c
it
a
ti
o
n
 e

n
e
rg

y
 [

M
e
V

]

Neutron number



12



22



14

Even-even Pd isotopes
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Deformed region: Neutron-rich A～170 nuclei

Where is the largest deformation?

What does the neutron excess affect shapes, pairing ....?

 Are there any deformed sub-shell closures? 

Rare-earth isotopes with N > 90 are well-deformed 

170Dy has the maximum number

of valence protons and neutrons

From NNDC
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The 2+ level energy in even-even nuclei

⇒ Measure of the ground-state deformation
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E(2+) reaches a minimum 

at N = 104 for 68Er, 70Yb,

and 72Hf isotopes.

For 64Gd isotopes, the 2+ state

energy drops at N = 98, and

increases at N = 100. 

The behavior of E(2+) in 66Dy

isotopes is erratic for

N = 98 - 102.

Deformed region: Neutron-rich A～170 nuclei

The 2+ level energy in even-even nuclei

⇒ Measure of the ground-state deformation
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Maximum deformation at 

 N = 102 for 70Yb isotopes

 N = 98 for 68Er isotopes

Deformed sub-shell closure

at N = 98 for 62Sm, 64Gd, 

and 66Dy isotopes?
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γ and β vibrations ⇒ Measure of axial symmetry

If the nuclear is a perfect axial rotor, 

these intrinsic states are high in energy

and less mixed with the ground-state band. 
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Deformed region: Neutron-rich A～170 nuclei
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The identification and characterization of K-isomers provides information on

Weisskopf hindrance

The degree of K forbiddenness

Reduced hindrance

K quantum number and collective rotation: K isomers

fi II 

fi KK 

K hindered

transitions

Spin selection … Yes

K-selection … Sort of !


,, ii KI

ff KI ,


j

jK

 Intrinsic orbits near the Fermi surface

 Pairing energies

 The degree of axial symmetry

Change

direction



Deformed region: Neutron-rich A～170 nuclei

P.H. Regan et al.,

PRC 65 (2002) 037302

G.D. Dracoulis et al.,

PLB 635 (2006) 200

Kπ = 6+ isomers in N = 104 isotones
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822 ns

F.R. Xu et al.,

PLB 435 (1998) 257



Deformed region: Neutron-rich A～170 nuclei

G.D. Dracoulis et al., PLB 635 (2006) 200

G.D. Dracoulis et al.,

PRC 79 (2009) 061303(R)

F.R. Xu et al.,

PLB 435 (1998) 257

106

E1 reduced hindrances

Kπ = 8- isomers in N = 106 isotones and E1 decays

106

182

76Os106

180

74W106

178

72Hf106

176

70Yb106

174

68Er106

172

66Dy 106

184

78Pt

?

5.8 s

fν~100 from systematics

assume Eγ = 150 keV

T1/2 ~ 6.5 s
⇒ compete with β decay?



Expected γ-ray yield

YRI > 0.001 /s

γ-singles: 6.5 / 10 days

YRI > 0.01 /s

γ-γ coin: 9.1/ 10 days

238U intensity: 1 pnA

Total rate: 110 cps

Population: 10 %

Σεγ = 15 % @ 661 keV

Σεγγ = 2.1 %

εβ = 50 %

Decay T1/2 (syst.) YRI [s-1] Nγ [/10 days] Nγγ[/10 days]

162Pm→162Sm ≈ 0.6 s 1.99E-03 12.9 1.8

166Eu→166Gd ≈ 1.0 s 2.05E-02 133 18.6

170Tb→170Dy ≈ 2.0 s 1.53E-01 991 139

176Ho→176Er ≈ 1.0 s 4.03E-01 2611 366

2+
1 state unknownFeasibility



Summary

 Decay spectroscopy in the vicinity of the doubly closed-shell 

nucleus 132Sn (⇒ 6 days of beam time approved)

• Spin-gap isomers in 48Cd and 47Ag isotopes

 Multi-quasiparticle configurations at high spins

 Single-particle configurations at low excitation energy 

• Collectivities in 46Pd isotopes

 Shape transitions and shell quenching

 Decay spectroscopy in the vicinity of the doubly mid-shell 

nucleus 170Dy (⇒ to be proposed for the E(U)RICA campaigns)

• The first 2+ states and ground-state deformation

• γ- and β- vibrations as indicators of axial symmetry

• K isomers in N = 104 and 106 isotones


