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Single-neutron states and the role of the νg9/2 orbital in 71Zn 
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Outline

• The neutron-rich region around N = 40

• Transfer reactions between heavy-ions

• The case of 71Zn: the GRETINA campaign at ANL

• Shell model interpretation 

• Conclusions and future perspectives 
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The neutron-rich region around N=40
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The neutron-rich region around N=40

Onset of deformation driven by the  
νg9/2 orbital à collectivity

Disappearing of the 
N=40 subshell gap
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What happens in Zn isotopes?

Maximum of collectivity at 
N=42 in Zn isotopes

B(E2; 4+ à 2+)/B(E2; 2+ à 0+)
Single-particle character

odd-even Zn isotopes à single-particle vs collective excitations
(one-particle outside N = 40)

M. Niikura et al., Phys. Rev. C 85, 054321 (2012) C. Louchart et al., Phys. Rev. C 87, 054302 (2013)
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The case of 71Zn

D. von Ehrenstein and J. P. Schiffer, Phys. Rev. 164, 1374 (1967)
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Heavy-ion transfer reactions

Transfer reactions
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Grazing

Deep inelastic

40Ar+232Th

J. Wilczynski
Phys. Lett. B 47, 484 (1973) A. G. Artukh et al.,

Nucl. Phys. A 215, 91 (1971)
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Heavy-ion transfer reactions
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ACa+120Sn @ Ecm = 150 MeV  C. H. Dasso et al., Phys. Rev. Lett. 73, 1907 (1994)

• Many degrees of freedom 
• High-spin and energy states
• Particles evaporation

QUASI – ELASTIC REGIME

DEEP – INELASTIC COLLISIONS

Multi-nucleon transfer
L. Corradi et al.,

JPG, 36, 113101 (2009)

• Few degrees of freedom  - binary process
• Spin selection in low-lying states
• Cross section governed by Optimum Q-value

NEUTRON PICK UP
PROTON STRIPPING SYMMETRIC DISTRIBUTION

PROTON PICK UP
NEUTRON STRIPPING
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The 48Ca+70Zn experiment
• Test of heavy-ion transfer reactions with GRETINA

• Study of high-spin structure and excitations 
based on the νg9/2 orbital in 71Zn 

48Ca+70Zn à 47Ca+71Zn @ 170 MeV (30 % above C.B.)
Simone Bottoni
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The GRETINA+CHICO2 setup @ ANL

particle – γ coincidences 
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• γγPP

• γγTT

• γγPT

A ~ 48
P

A ~ 70
T

Particles spectrum 
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The 48Ca+70Zn heavy-ion reaction
GRAZING calculations
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@ 170 MeV
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2+ à 0+ in 70Zn 
is still present as 
Compton scattering

γγTT without tracking γγTT with tracking

Simone Bottoni

γ spectra 
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γγTPwith tracking

2+ à 0+ in 70Zn 
is always in coincidence

γ spectra 

γγPP
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71Zn level scheme and γ decay
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71Zn level scheme and γ decay

Simone Bottoni

156.0

470.2

185.7

128.5 198.0

116.2

1304.8

713.0

1014.4

674.0

982
784

1031.5

992.0

1104.0

1375.0

1150.0

1495.0

1021.6

636.4

1267.0

1815.6

1385.0
1230.0

567.7

806.6

498.2

490.0

585.8

594.2

728.8

926.6

104.2 521

1/2 0.0

9/2 156.0

5/2 470.2

5/2 284.5
(7/2 ) 354.0

(5/2 ) 1658.8

(15/2 ) 2169.6

(19/2 ) 2882.6

(25/2 ) 3897.0

3/2 674.0

(11/2 ) 1138.1 (13/2 )1148.0

(17/2 )2252.0

(21/2 )3627.0

(25/2 )4777.0

(29/2 )6272.0

3519.0

2169.6

1739.0

1584.0

(5/2 ) 852.2

(3/2 ) 490.0

(5/2 ) 1075.8

(5/2 ) 594.2

(9/2 ) 1323.0

(13/2 ) 2249.6

805.5



17

71Zn level scheme and γ decay
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Comparison with theory

Calculations: Y. Tsunoda and T. Otsuka

Y. Tsunoda et al., PRC 89, 031301(R) (2014)A. Brown, unpublished M. Honman et al., PRC 80, 064323 (2009)
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Ground state
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Band built on the νg9/2 orbital
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Band built on the νg9/2 orbital
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Band built on the νg9/2 orbital
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71Zn

68Ni

Y. Tsunoda et al., PRC 89, 031301(R) (2014)

Band built on the νg9/2 orbital

(1)

(1)
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Conclusions
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• Heavy-ion transfer reactions with GRETINA and CHICO2 @ ANL

• Good setup to perform γ spectroscopy studies of n-rich nuclei (with RIB’s)

• The case of 71Zn

• 1/2- ground state due to large occupancy of πf5/2 orbital 

• Observation of non-collective bands built on the νg9/2 orbital 

• Oblate shape stabilized by neutrons 

• Transition to prolate shape “blocked”  

• Similar configuration of 02
+ in 68Ni
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