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Shape coexistence
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3-decay studies

* Access to excited states

 Multiple observables (T,,,, P(n/p/f),
I, log(ft), B(F/GT), I, E,, a, T,
B(oA)...)

 (Relatively) easy experiment Qp
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K. Miernik, wyktad monograficzny (2014) Instituut voor Kern- en Stralingsfysica KU LEUVEN
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Beam production

Hot cavity ion source Extractor Dipole magnet

Laser beams

Particle
detection

Spallation

ek

@ Protons @ Target material @ Reaction products .‘ lons

S. Rothe et al., Nature Communications 4, 1835 (2013) Instituut voor Kern- en Stralingsfysica KU LEUVEN




Motivation — why nickel?

I, number of protons

M, number of neutrons -

-
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Motivation — why nickel?
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Motivation — why nickel?
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9  S. Leonietal. PRL118,162502 (2017) KU Leuven, Instituut voor Kern- en Stralingsfysica KU LEUVEN




Experimental set-up

« Experiment IS467@LAT

« Pure beam of %Mn implanted on a
movable aluminized mylar tape

« vy detection: 2 HPGe Miniball clusters
B deteciton: 3 AE plastic scintillators

- Digital data acquisition system
based on XIA-DGF4C modules

10 D. Radulov, PhD thesis (2014) , KU Leuven KU Leuven, Instituut voor Kern- en Stralingsfysica KU LEUVEN




Results
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Bayes theorem

Posterior probability Likelihood function Prior

density function (pdf) / /

P(data|model)P(model)
P(model|data) = P(data)

Evidence

Instituut voor Kern- en Stralingsfysica KU LEUVEN




All the information we know
Bayes theorem BEFORE the analysis
(branchings, lifetimes etc.)

Posterior probability Likelihood function Prior

density function (pdf) / /

P(data|model)P(model)
P(model|data) = P(data)

It can be x? or something more
sophisticated

| It does NOT depend
Evidence on the model!
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Ground state feedings — assumptions

« p(t) = AFey;ég (t) + A66Coygé%o (t) + 10° 3
A66Niy6sé}%i(t) +C
* The excess of B particles (A > 1) is

interpreted as a ground state feeding ¢ 105
1 = . R :
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Counts /10 ms

Ground state feedings
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Ground state feedings
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Interpretation
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Intermediate summary / take home message

« Bayesian analysis allowed to determine the ground state feeding of %®Ni
« Selective B-feeding of 0+ and 2+ states was observed

« Monte Carlo shell model reproduced experimental observables by implying the
shape coexistence

« More data to come: Coulomb excitation of ®*Ni@HIE-ISOLDE (1S587)

« Shape coexistence also observed in ¢Co: check M. Stryjczyk et al., PRC98,
064326 (2018)
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Motivation — why mercury?

I, number of protons

M, number of neutrons -

-

NNDC, Chart of Nuclides Instituut voor Kern- en Stralingsfysica KU LEUVEN




Motivation — Why mercury? Excitation across Z=82!
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Motivation - Coulex
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Motivation - Coulex

EUROPEAN ORGANIZATION FOR NUCLEAR RESEARCH

Proposal to the ISOLDE and Neutron Time-of-Flight Committee

Following HIE-ISOLDE Letter of Intent I-110

Coulomb excitation of 182-184Hg:
Shape coexistence in the neutron-deficient lead region

October 05, 2012

K. Wrzosek-Lipskat, P. Van Duppen?, M. Huyse?, N. Kesteloot?, H. De Witte?, |. Pakarinen23,

P.T. Greenlees23, T. Grahn23, P. Rahkilaz3, D.T. Joss4, P. A . Butler4, L. Gaffney?, R. D. Page?, G. O'Neil4,
P. Papadakis4, D.G. JenkinsS, A. N. Andreyevs, E. Rapisardas, D. Voulot?, F. Wenanders, T. E. Cocolios?,
S. Freeman?, V. Bildsteing, R. Gernhidusers, R. Kriickeng, K. Nowaks8, D. Miicher8, Th. Krolle,

M. Scheck®, N. Pietralla®?, W. Kortenz°, M. Zielinskat°, M.-D. Salsac?°, T. Duguet?°, F. Dechery?o,

P. Napiorkowskil?, ]. Srebrny??, K. Hadynska-Klek1?, L.Prochniak??, A. Blazhev??, |. Jolie!2, N. Warr12,
P. Reiter?2, H. Duckwitz12, N. Patronis3, ]. L. Wood4, K. Heyde?s, P-H. Heenen?é, M. Bender??,
].-E. Garcia Ramos?8, A. Goergen?!?, M. Guttormsen??, A.C. Larsen??, S. Siem1?
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ISOLDE Decay Station (IDS)
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Experimental detalls

 Pure thallium beam produced in
spallation of UC, target with 1.4 Ge'_
protons -

* No surface-ionized isobaric a1
contaminants!

g0

 RILIS in a broadband mode: no
isomer selectivity

79

» Tape moved every 30-40s
(supercycle) "

R. Lica, PhD Thesis (2017)
E. Rapisarda et al., JPG44, 074001 (2017) Instituut voor Kern- en Stralingsfysica KU LEUVEN
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: HPGe Clover
Experimental setup HPGe Clover
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Experimental setup  tape HPGe Clover

SPEDE //

ez KU LEUVEN




SPEDE®@IDS
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SPEDE®@IDS

~9 keV difference

SPEDE_Singles

h11_SPEDE

_— F Entries 263517
A 7 133m
- & o T Ba 238.5 keV sl g
S I < - K ICE '
5 22 = 8000 FWHM=5.6 keV
N « O ) - Collected in 6 min =20 KO
o0 o™ N 'Ellf 5000__ Channel 12, PA B
<t 0O O 2 =

+ ™ © ~ o -

2 D« - o S 534.8 4000
0 -
+ o - 269.9 keV
M~ - 3000 26.4 keV
% 3670 2000: 274 6 keV
1000:_ M+ ICE
-/ /
L 1 1 1 | 1 1 1 Il | 1 1 1 1 -I_'__AT'J__ 1 Il 1 L 1 |
0 100 200 300 400 500 600
ADC chan.
0.0

o
¢
¢
¢

®

~

1
(@)

E. Rapisarda et al., JP.G44, 074001 (2017) Instituut voor Kern- en Stralingsfysica KU LEUVEN




Results: Hg-182

Order of magnitude more statistics!

182Hg - single-y spectrum
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Results: Hg-182
Gate on 351 keV (2+ — 0%)

182Hg - y-y coincidence spectrum
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Summary & outlook

 Preliminary results in agreement with
the known experimental data

» More exciting results to come: stay
tuned!

« Problems with the theory

. Coulex of 182184Hg@HIE-ISOLDE
with SPEDE after LS2!

* B-decay is a powerful experimental
technique

Instituut voor Kern- en Stralingsfysica KU LEUVEN
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