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Nuclear Shell Model
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= Each nucleon moves g
independently in a mean-field 3
describing the average i}
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obtained empirically 2
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Islands of Inversion

= Ground states dominated
by deformed npnh
configurations instead of
OpOh
= Shell and subshell closure
features disappear
= E(2%)
= B(E2): Transition
probability
= N=8, 14, 20, 28, 40:
Archipelago of islands of
shell breaking
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Suqggested magicity of N=40

= Large energy gap between the pf

shell and neutron 0gg/» shell

= Sub-shell closure at N=40

= Evidenced by %8Ni (Z=28):

= Doubly magic behavior

= Large E(2*) = 2.033 MeV

= Small B(E2; 0*— 2*)=3.2 (7)
W.u

However,

O. Sorlin et al., Phys. Rev. Lett. 88, 092501 (2002).
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N=40 Island of Inversion Energy of the 2,* state changes from
2033 keV in %8Ni to 573 and 517 keV in 5

66Fe and %8Fe, respectively

= Systematics indicate a sudden e
iIncrease in collectivity around N=40 _ —e— Fe (2=26)
—a— Ni (Z=28)
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Merging the N=40 and N=50 Islands of Inversion

3 | | | | ° Nl(exp) | |
f [ o ] N!-Cr (Inps)
= Suggested extension of the island of 23] Rl ]
inversion at N=40 for more neutron- J| ®-® Cr (pfsdg) |
rich isotopes towards N=50 s |
= Supported by large-scale shell- =150 )

model calculations using the
PFSDG-U interaction

= Spectroscopic information required °-5_‘ '\.\f Y, L e ]

to understand this bridge

! ! ! ! ! ! ! ! !
36 38 40 42 44 46 48 50 52
N

2* energy systematics in Ni and Cr isotopic chains

Santamaria, et al., PRL 115, 192501 (2015)
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Existing Literature

= 68Fe populated through B-decay of 8Mn

= Preliminary level scheme
- géentative spin-parity assignments for (2%) and (4*) states in

Fe

= 2035 keV level assigned either (0%) or (27)
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Existing Literature

= Populated using a °Be(°8Co, %Fe + y)X
charge-exchange reaction

= Expansion of level scheme through
coincidence analysis
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Experimental Setup

10

= 16 BGO Suppressed HPGe

Tape box | clovers
- gy . . Il = 15% efficiency at 1332 keV
= - - o8} == = 4096 crystal pairs at 52
unique angles for y-y
T Z e angular correlation studies

= SCEPTAR and ZDS
= [3 tagging scintillators

= 8 BGO Suppressed LaBr;(Ce)

= Lifetime measurements via
fast-timing techniques

A.B. Garnsworthy et al. Nucl. Inst. Meths. A 918, 9 (2019)



Analysis
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v singles, any Beta Prompt Time Gated
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Coincidence Analysis
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Counts/keV
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Future Work

= Complete the analysis
= Expand level scheme
= Firm spin assignments through angular correlation analysis
= Lifetime measurements

= Full decay chain analysis (°3Co, 8Ni, ¢’Fe, 6’Co, %’Ni)

= Further insight into the nuclear structure in/faround N=40 and
study its connection with N=50 lol
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