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isomers that can affect decay properties and hence nuclear haf-fives.

“The nuclear potential energy, calculated as a function of
shape parameters may have several local minima. The
Towest minimum is associated with the mass and shape
of the nucleus. Additional minima are shape isomers and in
even-even nuclei are manifested as excited 0° states, see
= 172 (xes6,8,9). Refs. [1-3]. Nuclear shape isomerism has previously been

have excellent extrapolateability [10,11]. This is a “zero-
order” approximation; it shows which nuclen fulfll @ nec-
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Abstract
We present, from a historical perspective, the evolution of instruments and

Alimited
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some of which are assocated with the clear separaton of coexistng wave funcions, while

and proton p-h exciations are present.

techniques developed by our group, in conjunction with other collaborators, to
conversion electron spectroscopy that could be routi-
nely implemented in radioactive decay studies. We focus here mainly on the
investigations that bear upon the study of nuclear shape coexistence and its
relation to electric monopole (E0) transitions. We show that many I* — I™
(I = 0) transitions in both even and odd nuclei with mixed shape-coexisting
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Shape coexistence in atomic nuclei has been a feature in nuclear structure for over 50 years. It
°0), to a phenomenon specific to certain regions (e.g.,
Z ~ 38, Z~ 80), t0 the current understanding that it occurs in almost all nuclei [1]. This
paper describes a program to utilize the conversion electron process to elucidate features of
the decays between coexisting structures, leading to the development of a ‘signature’ for
shape coexistence: that of an enhancement of electron monopole (E0) transition strength (i.c., superhesvy
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“While shape coexistence has, to date, o 2n established or inferred in a few hundred nuclei,
there are compelling reasons to believe that it is a universal feature of (almost) all nuclei.

It is now understood that it is even the feature of nuclear structure that is ‘responsible for us all
being here’: the Hoyle State is the result of 1C possessing shape coexistence.”
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Recoil-decay tagging technique

M. Leino et al., Nucl. Instrum. Methods B99, 653 (1995)
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Experiments in a nutshell

186Pb 188Pb 190Pb

Instrumentation SAGE+RITU+GREAT SAGE+RITU+GREAT SAGE+MARA+MARA_FP | APPA+RITU+RITU_FP
Channel selection Recoil-decay tagging Recoil gating Recoil gating Recoil gating
Reaction 106p(|(83Kr,3n)186Ph 160Dy (325,4n)188ph 159Th(35Cl,4n)190Ph 108pj(86Kr, 4n)190Ph
Beam energy 365 MeV 165 MeV 164 MeV 378 MeV
Beam intensity ~5 pnA ~13 pnA ~10 pnA ~2 pnA
Beam on target 108 h 129 h 320h ~250 h
Target thickness 1 mg/cm? 500 pg/cm? 350 pg/cm? 0.95 mg/cm2
Production cross

) 75ub 1100ub ~10mb ~10mb
section

Additional complementary in-beam experiments:
JR4: A recoil-gated plunger lifetime measurement of 188Pb with JUROGAM and the RITU separator
JR33: A recoil-decay tagged plunger lifetime measurement for the yrast levels of 186Pb



Unique case - 13°Pb nucleus
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185ph — direct measurement of conversion electrons
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185pp — reassigning the shapes of the 0* states

Based on the B(E2; 2 — 07) = 6(2) W.u.

and the measured branching ratio I, (21 — 03)/L,(21 — 07)

— Reduced transition probability: B(E2; 27 — 03) = 190(80) W.u.

: : . . . 1738 6"
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401
______________________ 1337 y 47
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The 05 state a prolate band member

J. Ojala et al., Commun. Phys. 5, 213 (2022)



186pp — feeding of the excited 0* states from the 23

state

Assuming [(23 - 03) =1(03 - 07) =

and B(E2; 2% - 07) =5 W.u.

= B(E2; 23} - 03) <200(120) W.u.

Consequently, the non-observation of the 23 — 03
transition does not exclude the existence of a collective

(oblate) in-band transition.

If we further assume B(E2; 27 — 03) =50 W.u.
— 1(2% - 03) = 19(2)

does not fit within margins.

= The 07 state does not have a notable oblate component.
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J. Ojala et al., Commun. Phys. 5, 213 (2022)
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188ph — recoil-gated singles electrons

Assessing the conundrum of the 0* level energies

« Allintensity around 724keV assigned to the 27 — 07 transition
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1833ph — feeding of the O state
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Pb 190
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Summary

Measured B(E2) values

* T. Grahn, et al., Phys. Rev. Lett. 97, 062501 (2006)

* Present work
IBM B(E2) values

* V. Hellemans et al., Phys. Rev C. 77, 064324 (2008)
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186Ph: prolate and oblate O* states swapped
188Ph: O*, state reassigned as prolate
190Ph: yrast band reassigned as oblate
spherical 2* state discovered
prolate and oblate 8* states swapped
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Results obtainfef QWRC‘V@EQO‘ the picture.

We must question whether the shape assignments
of heavier Pb isotopes are correct.

Maybe the onset of oblate deformation starts

194
178 180 182 184 186 188 190 192 194 196 198 200 202 204 206 already at Pb
Mass number




