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68Ni and N=40

3

 Low B(E2) + high E(2+
1)…

 Indicator of subshell closure.

 Shell model theory 

reproduces general trend, 

but interpretations differ.

 Do we understand N=40?

 Electromagnetic properties 

more revealing of structure.

 Low precision B(E2) values at 

N=38 and N=42; i.e 66,70Ni.

K. Kolos et al., Phys. Rev. Lett. 116, 122502 (2016)

Divergence of 

theories at 78Ni!
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 Monte-Carlo Shell Model (MCSM)[1]

 Interpreted as “Type-II” shape 
coexistence.

 Intruder structures:

 Oblate and prolate

 Detailed EM properties – testable!

[1] Y. Tsunoda et al., Phys. Rev. C 89, 031301 (2014)
[2] S.M. Lenzi, F. Nowacki, A. Poves, and K. Sieja, Phys. Rev. C 82, 054301 (2010)
[3] F. Nowacki, A. Poves, E. Caurier, and B. Bounthong, arXiv preprint arXiv:1605.05103 (2016)

 LNPS[2] & pfsdg[3] – new “island of inversion”:

 Originally 64Cr/68Ni and similarly about 74Cr/78Ni[3].

 Precision data near N=40  extrapolate 

reliably to N=50!

E(2+
1)

Shell model calculations

68Ni



MCSM extended to 66Ni and 70Ni
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 Similar prolate and oblate 

intruder configurations.

 Characterisation can only come 

from electromagnetic properties 

 B(E2) and Qs.

 Previous description of large 

B(E2) in 70Ni – core polarisation[2].

66Ni

[1] Y. Tsunoda et al., Phys. Rev. C 89, 031301 (2014)
[2] O. Perru et al., Phys. Rev. Lett. 96, 232501 (2006)



INTC response to original proposal
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 The Committee finds points (i) and (ii) not urgent, 

since newer measurements on 70Ni and 72Ni have 

been made at NSCL@MSU, but not yet published. It 

might be therefore prudent to wait for these results 

before approving this part of the experiment.

 The use of multiple Coulex, which will explore shape 

coexistence and compare the transition 

probabilities with latest shell model calculations, is 

complex in the experiment and particularly in the 

analysis. This makes this also less urgent and it would 

benefit from the successful completion of the other 

measurement proposed in 68Ni at this INTC meeting. 



Complementary experiments
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68Mn → 68Ni beta-decay @ ISODLE Decay Station[1]

 No B(E2) values.

[1] C. Sotty et al., IS590, to be published
[2] O. Sorlin et al., Phys. Rev. Lett. 88, 092501 (2002)
[3] T. Marchi et al., Phys. Rev. Lett. 113, 182501 (2014)
[4] K. Kolos et al., Phys. Rev. Lett. 116, 122502 (2016)
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68Ni

 Intermediate energy Coulex @ 

GANIL[2] (66,68Ni) and NSCL[3] (74Ni)

 Potential unobserved feeding.

 Low precision and inconsistent with SM.

 RDDS lifetimes at NSCL[4]

 Direct t in 72Ni, but 70Ni data imprecise.

Reorientation 

 Qs(2
+)



Experimental setup - Miniball
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206Pb(66Ni) @ 4.0 MeV/u

206Pb(68Ni) @ 4.0 MeV/u

206Pb(70Ni) @ 3.5 MeV/u

 Miniball Ge array coupled to either T-REX 

chamber or CD+SPEDE  Flexibility.

 Angular coverage ~17˚-55˚  Optimum 

kinematics for CoM coverage.

 Ionisation chamber can monitor contamination.
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206Pb(66Ni) @ 4.0 MeV/u

206Pb(68Ni) @ 4.0 MeV/u

206Pb(70Ni) @ 3.5 MeV/u

206Pb recoil

68Ni projectile

1 2
43

6 5



Desired outcomes
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66Ni and 68Ni:

 Simultaneous determination of B(E2; 0+
1 → 2+

1) and Qs(2+
1) [oblate?]

68Ni – simulated uncertainty ellipses



Desired outcomes
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70Ni:

 Unambiguous measurement of B(E2; 0+
1 → 2+

1).

 Resolve discrepancy between t and intermediate-energy Coulex.

Latest RDDS result
K. Kolos et al., Phys. Rev. Lett. 116, 122502 (2016)



Beam time request

66Ni

0+ 0.0

2+ 1.425

0+ 2.445

0+ 1.971

2+ 2.916

Ig = 690

Ig = 13500

68Ni

0+ 0.0

0+ 1.605

0+ 2.511

2+ 2.033

Ig = 350

2+ 2.745

70Ni

0+ 0.0

2+ 1.260

0+ 1.567

Ig = 390/110

2+ 1.868

2+ 2.230

+ setup: 2

= total: 33

68Ni previous “safe” Coulex –
N. Bree et al., PRC 78, 047301 (2008)

Yield > 5 x 105 ions/mC – 8 shifts – 11 counts! 



Beam time request

+ setup: 2

= total: 33
68Ni – simulated uncertainty ellipses



Collaboration



Thank (E)U!



Supplementary 

slides
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Beam time request – TAC comments

+ setup: 2

= total: 33

68Ni: 1e6/uC requested.

Ga in; 
66Ni : 1e8/uC
70Ni : 1e5/uC laser on/off ok.

2016: low yld were found: 

e.g. Target/line 590A/430A (2100C/2000C): 
69Ni: 9.8e2 /uC
70Ni: 1.6e3 /uC (on betas) / 2.6e3 /uC (on gammas) 
70Ga: 2.4e3 /uC (on betas only due to low branching ratios of gammas) 

Target/line 590A/440A (2100C/2050C): 
70Ni: 1.2e3 /uC (on betas) 
70Ga: 4e3 /uC (on betas)

Ga contamination?

Sigradur unit would help? Testing worthwhile to confirm yields

2013 yields = 1 x 105 ions/mC

Factor 50 drop in 70Ni is too much.
Was higher in 2013  Testing OK.



Beam time request

206Pb recoil

68Ni projectile

1 2
43

6 5

Ex

p

Ig

1 32

2 72

3 66

4 57

5 124

6 146



Beam time request

68Ni

0+ 0.0

0+ 1.605

0+ 2.511

2+ 2.033

I511 = 49 (singles)

Ig = 350

2+ 2.745

or 6 (back-to-back)

W(E0; 1605 keV):

K = 1.878 x 108

IPF = 1.542 x 108

Pair production = 45%
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68Ni

Two-step 

excitation


