Beta-decay strength of ®Ni to neutron-unbound
states revealed by °Cu
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Doubly-Magic 7®Ni
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?Cu ("®Ni + 1p) Beta Decay
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Experiment at Radioactive Ion Beam Factory
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* PID showing group of implanted ions: Fe, Co, Ni, Cu, Co, Zn, Ga, Ge, As, and Se

* Only #8Ga and 8'Zn have energy spectra of delayed neutrons previously measured
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Neutron Spectroscopy using VANDLE
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?Cu (N=50) Decay

Neutron Energy (MeV)

- § 3002_922752' 1.Is I1 l o.ls o
14— 5 250 —— Total Fit
- o R ‘ It | | e
12— Cu 52 S oF ~ \ | ‘ 3.5-0.2 MeV
- 100F- i I” L W it ‘l J, ‘:Jl | L
s ‘ | M’ ) SR LA g
8 [ ? 0 lé,';‘xl \!L'!‘A‘.A\és:k\.!iik‘5§§~$i$<'_!ml.!lﬂl!!|_
B T n 40 60 80 10.0 129 ;|40 160 .180 200 220
6l S . . Neutrons in coincidence with _ToF (ns)
- - 4" > 2':890.5 keV S sE 730-keV 2*=0* from Zn
Al e ceciiecaqeeecabe N[22 07780 keV = 7E
_ E ®zn % 6E-
- ~ 5E-
21— % O 45_
- o 3E-
0 g 9/2" 212—

%6~ 40 60 B0 _ 100 120 140 7160 180 200
ToF spectrum fitted using response obtained from GEANT4 simulation package ToF (ns)
called NEXTSim, captures neutron scattering!

THE UNIVERSITY OF

TENNESSEE "I

KNOXVILLE




Neutron Intensity and Beta-strength
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Neutrons in coincidence with gammas used to adjust the branching ratios and strength distribution
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decay Strength
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The experimental data agree with the fpgpn prediction with 5 MeV proton shell gap
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Beta decay beyond N=50
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Allowed Gamow-Teller transitions transform neutron states below the N=50 shell gap to proton
spin-orbit partners above the Z=28 gap
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%Cu (N=51) Decay
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* Neutron emitting states identified in %°Zn
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* Neutron-gamma coincidences remain unidentified
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%ICu (N=52) Decay
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Branching ratios: 482-keV, 9.4(3.8)% and 1492-keV, 26.7(4.8)%

Presence of 1492- and 482-keV transitions — strong population of 2* and 4* excited state in N=50 ®Zn
by neutrons
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%1Cu (N=52) Decay
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Beta-decay Strength for N>50
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Beta-decay strength shifted to higher excitation energy when crossing N=50 shell gap
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Concluding Remarks

* Beta-delayed neutron emission is the dominant decay mode for investigated nuclei 79%'Cu
* Neutron energy measurement needed to establish the beta-strength distribution

» Experiment performed using VANDLE and YSO implant detector in 7®Ni region (26 <Z <34)
* Neutron-emitting states identified in the B-decay of 7°®'Cu

» Shell model predictions of B(GT) agree with the data for °Cu using fpgpn interaction

* Population 2* and 4* in 8Zn by neutrons observed in the decay of 'Cu

* Hauser-Feshbach statistical model predicts the sharing of neutron energy with gamma rays in
the decay of 8'Cu

 Decay-strength distributions shifted to higher excitation energy when crossing N=50 shell gap!
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Neutron Scattering Effects
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20 Analysis

Ion-Beta Correlation using YSO
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YSO Implant Detector

Properties Cannot use conventional wetraice CTILICAL CLeveell?iI:)nneI:;l:t for the
' X
+ Y SiO, (Ce) SiDSSD for nToF P

2-mm pitch
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 High stopping power (Z = 35 &
P = 4.5 g/cm?3)

* High beta-detection efficiency

* Decay time of 50-70 ns

* Provides sub-nanosecond timing
resolution I| FEAE TR LR EFE T FELT Rendniit vasistive

network

Segmented
YSO crystal (75mm x 75mm )

5mm
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Light Guide

Bottom (50 mm x 50 mm),Top (75 mm x 75 mm)

PSPMT (8 x 8)

Functions
* Correlate implanted ions and their beta decays

* Fast timing for time-of-flight-based neutron energy
measurements

* Light quenching essential for mapping dynamic range of
ions (~GeV) and electrons (~1-10 MeV) simultaneously
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