


Introduction

• Discovery of the Ni isotopes
• Shell evolution along Ni isotopic chain, towards 78Ni.

Selected experiments on even-even  neutron-rich Ni isotopes

• 70 Ni: Enhanced collectivity and core polarization
• Focus on 74Ni Coulex at NSCL and RIKEN
• Partial conclusion on core polarization

Near Future Perspectives at the European scale



Fusion-Evaporation reactions with Heavy Ions. Increasing 
energy and intensities

High energy light beams:
target fragmentation/fission. (ISOL)



[K
. G

ar
of

al
i, 

R.
 R

ob
in

so
n,

 M
. T

ho
en

ne
ss

en
At

. D
at

a 
an

d 
N

uc
l. 

D
at

a 
Ta

bl
es

. 2
01

2;
98

(2
)]

79Ni: T.Ohnishi et al, J.Phys.Soc.Jpn. 79, 073201 
(2010) RIKEN 238U fragmentation

68Ni: T.S. Bhatia et al, Z. Phys. A 164 (1971)
Heidelberg MP Tandem. 18O+70Zn @ 81-84 MeV 

69Ni: Dessagne et al., NPA 426 (1984)
Orsay MP tandem 70Zn(14C,15O)69Ni

70-74Ni: Armbruster et al., Europhys Lett 4 (1987) 
Grenoble: thermal neutron induced fission of 235U

75Ni: Weber et al., Z. Phys A 343 (1992)
GSI 86Kr fragmentation 500 AMeV

76-78Ni: Engelmann et al, 1995 GSI
238U fragmentation 750 AMeV projectile fission
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[T. Otsuka, A. Schwenk, Nucl Phys News 22-4 (2012) 12]
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[K. Sieja and F. Nowacki, Phys Rev C 85, 051301]

Neutron ESPE for N=50 isotones and for Ni isotopes



[Y. Tsunoda eta l, PRC 89 (2014) 031301(R) ]



LISE3

74Zn
70Ni

76Ge on Be
60 AMeV
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1260 keV
70Ni 0+->2+





86Kr34+ @ 140 AMeV
74Ni ≈ 0.7 pps

dp/p = 3%
9Be 399 mg/cm2



Object 
scintillator

Secondary target 
position 

197Au 640 mg/cm2

LH2…

S800 
Analysis line

S800 
Spectrometer

Focal Plane detectors

GAMMA-ray arrays
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80% CF4
20% C4H10

P10
500 Torr



(p,p’) extracted from proton inelastic scattering
cross section using distorted wave theory.
(ECIS97 code)

[N. Aoi et al, Phys. Lett. B 602, 302 (2010)]
[B. Pritychenko et al, At. Dat. And  Nucl. Dat. Tab. 98, 4 (2012) 798]

Assuming comparable deformation lengths 
also for the neutron rich part of the chain:

(p,p’)  C

B(E2) = 1270(380) e2fm4

N=46
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CAESAR Resolution CAESAR Efficiency
Experimental gamma-rays

multiplicity



CAESAR array

CAESAR array + S800 spectrometer



Focal plane PID Beam Tagging

Runs 
without 
target



Energy-time gamma-rays gate:

Impact parameter selection:



Ungated PID

Gated PID

EPAX: 76Cu 1p-1n K.O. : σ = 29 mb
 NK.O. =18±9   Ng = 9 ±5

E (keV)

E (keV)



Fit: GEANT4 +
exponential bkg

[A. Winther and K. Alder, Nucl. Phys. A319, 518 (1979)]

 Ng = 99 ± 28



The B(E2; 0+ →2+) value obtained in the intermediate energy Coulomb excitation provides new
important information for the understanding of the Ni isotopic chain towards the 78Ni doubly
magic nucleus.
1-The collectivity enhancement suggested by the (p,p’) experiment seems quenched when using 
purely electromagnetic probes;
2-The obtained values can be used to benchmark the Model Space and Interactions used for Shell 
Model Calculations far from stability.

p n
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A3DA pf g9/2d5/2 [3]
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Inelastic scattering data compared to Coulex results
allow to disentangle the proton/neutron excitation
matrix elements. For the 74Ni isotope, their
difference could be an indication of the relative
proton/neutron cores polarization leading to
different deformation. A higher degree of accuracy
is needed to constrain the B(E2) error bar and
provide quantitative Mn/Mp ratio information.

Exp 2.4±0.8

LNPS 1.8



F7

F5

BigRIPS
1st stage Separation

Production
Target

F1

SRC

IRC

F2

Reaction Residue Tagging 
With ZeroDegree

F8

F11

F3

2nd stage Tagging/Further separation
F12

238U
345 MeV/u

9 pnA

9Be
target

BigRIPS: 
transmission 1.4% 

from LISE

74Ni: 15 pps
73Ni: 10 pps
75Ni: 3 pps

74Ni: 15 pps
73Ni: 10 pps
75Ni: 3 pps

fission
0.4 μb

DALI2
Pb target

EURICA

Double experiment: in beam with DALI2 +
decay spectroscopy with WASABI-EURICA
Double experiment: in beam with DALI2 +
decay spectroscopy with WASABI-EURICA

- Ebeam ~200 MeV/u  at the secondary target Pb target (~1.2 g/cm2) 

- Beam centered on 72Fe: lower 74Ni transmission

- Ebeam ~200 MeV/u  at the secondary target Pb target (~1.2 g/cm2) 

- Beam centered on 72Fe: lower 74Ni transmission

Courtesy of
A. Gottardo



ID plot before coulex
Pb target

ID plot before coulex
Pb target

ID plot after coulex Pb 
target

ID plot after coulex Pb 
target

74Ni 75Ni73Ni

74Ni 75Ni73Ni

Pb target 
~1 g/cm2
Pb target 
~1 g/cm2

Courtesy of
A. Gottardo



206Pb

~ 170 events on the peak~ 170 events on the peak

Courtesy of
A. Gottardo



75Ni

13/2+ -> 9/2+ ?

Energy (keV)

Courtesy of
A. Gottardo



70Ni GANIL

NSCL
Gretina

Coulex

(p,p’)

Perru et al, PRL 96, 232501 
(2006)
L. Cartegni Ph.D.
Under analysis

72Ni NSCL 
Gretina
Gretina

Plunger
(p,p’)

K. Kolos DNP13, 
Under analysis

74Ni NSCL
NSCL
RIKEN

(p,p’)
Coulex
Coulex

N. Aoi et al, PLB 692 (2010) 302
T. Marchi et al, submitted
RIKEN data under analysis

76Ni

78Ni





Letter of intent: J. J. Valiente Dobón (INFN, LNL, Italy)
Spectroscopy studies around 78Ni and beyond N=50 via 

transfer and Coulomb excitation reactions 



ERC: ACTAR TPC  - G. Grynier - GANIL
ERC: SpecMAT - R. Raabe - K.U. Leuven
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Proton energy resolution for the 
78Ni(d,p) reaction at 8 AMeV

with 4x4 mm2 pads

ACTAR + g-ray array
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