Persistence of nuclear shell closures far from stability:
Y spectroscopy of °Cu at Riken
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Towards doubly magic ®Ni
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Monopole migration in neutron-rich copper
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e Tif,, single-particle nature from Coulex

e two (one?) candidates for mif, , in "'Cu

a related to addition of {+72 neutrons in g, ?




Extensive theory landscape
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if,, well described... what about its spin-orbit partner mrf, ,?



proton pick-up into "'Cu at Ganil
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proton pick-up into "'Cu at Ganil
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proton pick-up into "'Cu at Ganil
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By & y spectroscopy at Riken

RIKEN RI Beam Factory (RIBF)
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By spectroscopy of 7’Cu at Riken
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By spectroscopy of 7’Cu at Riken
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Y spectroscopy of °Cu at Riken

Seastar collaboration "Shell evolution and search for two-plus energies at RIBF"
@ 80Zn(p,2p)°Cu proton knock-out at 270 AMeV in Minos
a identification before and after with Bigrips and Zerodegree
@ in-beam y spectroscopy with Dali-2
@ E(2%) from 52Ar to "'°Zn including doubly magic "°Ni & single-particle states in 7°Cu
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Y spectroscopy of °Cu at Riken
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Y spectroscopy of °Cu at Riken
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Y spectroscopy of °Cu at Riken
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Y spectroscopy of °Cu at Riken
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Y spectroscopy of °Cu at Riken

inclusive DWIA cross section with SF from MCSM
o, =9.2mb

Oupo = 7.9(4) mb —» consistent with other Seastar results

e

exclusive cross sections experiment
Energy levels (keV) Tere (Mb)
0 < 3.8(8)
656(5) 0.04(29)
1511(8) 0
2260(20) 0.19(4)
theory 2730(30) 0.33(9)
2900(40) 0.08(4)
E (MeV) o (mb) SF 0.SF 2940(60) 0.69(13)
5/2- 0 1.04 133 1.38 3100(40) 0.44(7)  p >4.1(9)
0.57 , 115
.OC 0)
4580(30) 0.53(13) Y,
summed cross section is consistent with 11f, , hole
experiment shows important fragmentation of spectroscopic strength
K Ogata, private communication L Olivier, PhD U Paris-Saclay (2017)

T. Wakasa, K. Ogata, and T. Noro, PPNP 96 (2017)



Y spectroscopy of 838Ga at Riken
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Conclusions
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nif, -1rf, , spin-orbit force in neutron-rich copper

© (d,°*He)"'Cu transfer at Ganil

spin-orbit splitting in "Cu maintained

© (p,2p)"°Cu knockout at Riken
good agreement with MCSM

mif,, hole strength fragmented at 4 MeV 7

single-particle character in ?Cu confirms magicity of "°Ni

new perspectives for transfer reactions at Oedo
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