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Outline

* Why calcium?
* How calcium?
 What calcium?

53caZ+



Nuclear Structure

* Analogous to electron
shells

* Experimentally
observed shells
¢ 2,8, 20, 28, 50, 82, 126

K. S. Krane, Introductory Nuclear Physics (John
Wiley and Sons Inc., 1988).



Nuclear Structure

« Harmonic Oscillator
e 2, 6,12, 20, 30, ...

 Wood-Saxon Potential
e 2,8, 20, 40, 58, ...

« Spin-Orbit Coupling
« 2,8, 20, 28, 50, ...

. Bacca, The European Physical Journal

Plus 131, 107 (2016).



Shell Model Evolution

« Shells drift away from [3-
decay

« Creates new magic
numbers
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¢. D. Holt, J. Menéndez, J. Simonis, and
A. Schwenk, Physical Review C 90 (2014).




Shell Model Evolution

« Shells drift away from [3-
decay

e Various Interactions can
describe this behavior

 Phenomenological
models require
spectroscopic validation
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¢. D. Holt, J. Menéndez, J. Simonis, and
A. Schwenk, Physical Review C 90 (2014).



TRIUMF

University Meson Facility

TRI-

Established 1966 in Vancouver

BC

520 MeV Cyclotron

Isotope Separation On-Line

(ISOL) facility

“GRIFFIN Collaboration,” triumf.ca



Beta Detectors

* Beta Detectors
- SCintillating Electron Positron
Tagging ARray (SCEPTAR)

« Zero Degree Scintillator (ZDS)




Gamma-Ray Infrastructure For
Fundamental Investigation of Nuclei
(GRIFFIN)

« 12 HPGe clover detectors

DEuterated SCintillator Array for
Neutron-Tagging (DESCANT)
69 detectorsinstalled downstream




Gamma Data

Addback vy vs. detector #
- Gamma-rays from all PR
isotopes produced oid Dov =
« Calcium
« Scandium
« Titanium

« Coincident events help us
assign each gamma-ray
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Beta Data

Counts in SCEPTAR During Cycle | __ sorssscemommce:

K

« Fit Function in three regions
» Background

« Beamon T e 8
° Beam Off . e ip :—_ :{;a {::{.mtami.nattilnnyJ
b Dependent On ; v - Bacl-iglround .

« Half lives

* [-n probabilities

* Relative efficiencies for
nuclei

Cycle Time (s)
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Neutron Selection

e Pulse Shape
Discrimination

e Ratio of short charge
collection to total

* Time of Flight
e /DS starts the clock

AtDescant—ZDS [I‘IS]

Descant-ZDS timing vs

. Descant Psd

- . -~ | descantPsdZdsTime
.- | Entries 306820
2 0.8821

19.85
1 Std Devx 0.1401
| Std Dev y 46.35
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Neutron Selection

e Pulse Shape
Discrimination

e Ratio of short charge
collection to total

* Time of Flight
e /DS starts the clock

’MDescan!-ZDS [ns]

Descant-ZDS timing vs. Descant Psd
200 A e e e

descantPsdZdsTimen
Entries 20010
Mean x 0.8154
Mean y 39.61
Std Dev x 0.04693
Std Dev y 28.95
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GRIFFIN Results

B-tagged v vs. Zds detector
| griffinEZds_py

Entries 1357543
Mean 2729
Std Dev 225.6

e Discriminate
petween beta and
peta-n branches
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Building Level Scheme

vy Gated on 1394 keV v-y Gated on 532 keV

Mea 3 ,‘f
Std Dev 9.622 Std Dev

New transition placed between existing

levels

« Gamma-ray seen in previous work but
attributed to >V | _

 Proven to be from 31Sc from gamma- e, e v

v-y Gated on 1324 keV v-y Gated on 1480 keV

gamma coincidences ', =

L L L
340 350
Gamma Ray Energy (keV)
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Building Level Scheme

All previous levels confirmed

New transition placed between existing levels

Gamma-ray seen in previous work but
attributed to >V

Proven to be from °1Sc from gamma-gamma
coincidences

2910

| ‘ 2334 1315
3772

319

I

321

%039 548 ,3

51Scandium

Excitation Energy (MeV)

15



Building Level Scheme

Previous Beta populated levels confirmed

New levels populated only through beta-n branch
in 52Ca
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Thank You

ANY QUESTIONS?



