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Introduction

Shape coexistence, co-existing structures at
low energies with distinctly different shapes.
Interplay:

) stabilizing of closed shells

ii) residual internation of valence nucleons.

Near shell closures associated with pair
excitations across shell-gap

Associated with different shapes
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EO transitions between (J- J) states are
are sensitive to the changes in the
nuclear charge-squared radii, and their
degree of mixing (0).

Enhanced conversion between these
states is a fingerprint of mixed coexisting
structures with different (3, values

Measure EO strength, assess mixing
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Shape coexistence in the neutron-deficient HgPbPo region
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Famous case (Andreyev et at. 2000) 0-h) 2-h) )

evidence of 3 different shapes probed with a-decay fine structure. - o= m

Z = 82, spherical ground state 1t(Op-0h) excite pairs above shell gap
oblate and prolate shapes with 11(2p-2h) & (4p-4h)

Recent work (J. Ojala et al 2023), observed band structures built on
these states directly in 8Pb

Prolate band

Obiate band
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Evolution of excited states in Po isotopes

P. Van Duppen, M. Huyse / Shape coexistence around the Z = 82 closed shell

a-decay fine structure work (P. Van Duppen, M.
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Huyse (2000)) first revealed excited 0* state at e po gy
558 keV. AN |
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Significant structural change

More recent laser spectroscopy work
196Pg (T. E, Cocolios 2011) has shown, mean-

square charge radius displays a
e surprisingly large and early departure at ; :
E 196PF:)(N —gillz)%efore mid-)ghelrl) Studies restricted to ground &
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Evolution of excited states in Po isotopes
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Now onto highlighted
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1B5pgo Motivation

Partial level-scheme showing the known low-
lying prompt structures in °Po:

1) Ground state (yrast) band
ii) Intruder oblate band
i) negative parity neutron hole states

iv) 0,7 (a decay)

Primary aims of the experiment:

1. In-beam y-e study to study J-J
conversion coefficients (assess mixing)

2. Population of 0," state, measure

electrons directly first time (not
through a decay)

3. Identify feeding of 0,*, 301 keV Y ray.

558

T(2p-0h)
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Ge
SAGE: Simultaneous in-beam-electron- and gamma-ray spectroscopy  detectors

Segmented Si
detector 1.0 mm
thick

;"-i_:p ‘. _‘_.,5:
barrier =

SAGE: simultaneous in-beam spectroscopy of
electrons and y rays.

Originally designed for use in superheavy region Solenoid

(J. Chadderton’s talk earlier today Fm region) (850 A)

also finds purpose in study of low-lying 0+ Targét wheel
states, and J - J transitions in lower mass

nuclei.

Solenoid system for transport of electrons away
from target to Si detector. HV barrier to suppress et
0 rays from atomic interaction within target. ] [ S
JUROGAM 3 Ge detectors for coincident AGE ey
Y rays. detector 98 ié

“H'S jurocam3 focal piame
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Results: y ray & electron singles

20000F — 600 —
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o-tagged gamma rays (left), populate all 3 structures, “normal” 1t(2p-0h), “intruder” 1t(4p-2h) & neutron hole (negative parity) states.
Main peaks labelled.

o-tagged electrons measure in SAGE (right), transitions of labelled origin labelled (mostly K). EO transitions highlighted in red. ( Note
enhanced conversion of 2,*->2 *)

Now walk through what we can learn from this.



Results: y ray & electron singles
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o-tagged gamma rays (left), populate all 3 structures, “normal” 1t(2p-0h), “intruder” 1t(4p-2h) & neutron hole (negative parity) states.
Main peaks labelled.

o-tagged electrons measure in SAGE (right), transitions of labelled origin labelled (mostly K). EO transitions highlighted in red. ( Note
enhanced conversion of 2,*->2 *)

Now walk through what we can learn from this. First looking at y-ray feeding of 0,* state
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0, *feeding: oblate band via 302 & e = 5 s
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Conversion coefficients & mixing

Counts per 2 keV
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Conversion coefficients & mixing

The electric monopole strength for the 2* - 2*transition can be calculate from the E0 2% LI, oo or 0
component of a,(E0) = 0.251(55) 8 Laser OFF
) I (E0) T, = 7(1) ps, measured Coulex £ f . S
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[32 .scan be estimated from measured transition strengths, used to calculate mixing

B,=(-)0.18 (130 W.u. N. Kesteloot PRC 2015), B,~0.10 (47 W.u. T. Grahn PRC 2009)

o?=0.55(15) =45% spherical — oblate mixing can be expected at low-spin in **Po




Outline

* Introduction
— Shape coexistence in neutron deficient HgPbPo region

— Evolution of excited states in Po isotopes
* Experimental Method

e Results
e Conclusions & Future Work




Conclusions & Future Work

In-beam y-e spectroscopy experiment on
19%po performed.

i) Population of 0,* state, established as
the band head of oblate band, via 302 keV
y ray.

i) Enhanced conversion of the 2* - 2*
interpreted as significant EO strength —
p?= 48(13) x 103 (preliminary), large
amount of mixing.

Evidence in support the extension of the
deformed intruder model above Z = 82.

Future: tracking intruding 0, band to

lighter Po isotopes. Example of 1%
excited State 0*(190-194) ?
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Conversion coefficients & mixing
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SAGE: Efficiciency

Energy & Efficiency 4
Calibrations with *3Ba 29’Bi r.:"” 3
source. LLl
o2
W
0
9
8
7
g 6
= 5
o 4
o 3
2
y
0O 50 100 150 200 250 300 350 400 450

Enerﬁi ‘keV‘



Simulated 1%¢Po, no EO, basic level scheme input

Counts per 2 keV
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1%Pg previous studies in beam, conflicting results?
|

Onset of collectivity in neutron deficient %91%8pg

Quadrupole and octupole collectivity in light Po Isotopes
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Experimental techniques and apparatus: Focal-plane detectors
Multi-wire proportional counter (MWPC)

TTYe e ® ® L b

R S L

Micron BB20 DSSD
72 x 192 strips,
13,824 0.45 mm?pixels
300 um thick Si

- . | | Correlations of Y rays
Grid of 20 pm diameter gold- : with implanted recoils or
coated tungsten wires, provides . g decays for around 50 us
(x,y) position of recoils

Ge detectors
3 BEGe & 1 Clover detectors
outside chamber

surrounding DSSD in close
geometry.

—
=
o=
1

All signals time stamped by
a 100 MHz clock,

read out individually for
correlation analysis




Masses

Experimental with recoil separators at JYFL Different
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