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Shape Coexistence

(Spherical)
What is it?

e Shape coexistence - unique
deformations existing at
similar energies.

e Stabilizing effects of closed
shells, causing spherical
symmetry, and the residual
interaction between the
protons and neutrons.

A. Andreyev et. al. Nature 405,430(2000)



Shape Coexistence

Thought to be a common phenomenon in all but the lightest of
nuclei.
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Heavy Nuclel

Neutron deficient Z ~ 82 nuclei exhibit the most extensive
manifestation of shape coexistence known in the nuclear chart.
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Heavy Nuclel

Neutron deficient Z ~ 82 nuclei exhibit the most extensive
manifestation of shape coexistence known in the nuclear chart.
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Matrices become too large with heavy
nuclei (A > 100), can’t be solved with
modern computers. Need to simplify the
model.




Matrices become too large with heavy
nuclei (A > 100), can’t be solved with

modern computers. Need to simplify the
model.

Interacting Boson Model

Bosons

Truncate model space by coupling pairs
of nucleons to form bosons.

Example: 145m in the fermion basis has
3.5x1014 |t = 2+ configurations. In the
boson basis it has 63 Im= 2+
configurations.




Observables

IBM tries to obtain the
best agreement
possible with the
excitation energies
and the B(E2) values.

Related to the
collectivity
(deformation) of the
transition.

Dependent on the
half-lives, excitation
energies and
branching ratios.

J. E. Garcia-Ramos et. al. Phys. Rev. C 89, 014306(2014)
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® This data set was part of a series of nuclei consisting of 188-198Hg

J. E. Garcia-Ramos et. al. Phys. Rev. C 89, 014306(2014)



High Resolution
LEBT Mass Separator

Target Stations 500 MeV

Firevss Cyclotron

GRIFFIN is a new high-efficiency gamma-ray
spectrometer for decay spectroscopy with low-
energy (30 keV) radioactive ion beams from
TRIUMF-ISAC.
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Previous work with 188T| decay

Levels
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Previous work with 188T| decay

Levels

..2680.9
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Comparison to Previous Data

Look at coincidences with a gate on the 412.9 keV gamma-ray.

700 x10°
Hg X-Rays -
9 Y GATE ON 412.9 keV TRANSITION 7000 __
600 - :
| w021 | 6000|
500- . 592.1
/ | | 5000
400 - ' 1 -
- v
oob.| 5043
1L 511 795.2
- | 772.4 |
2000
Lk v 904.8
1000 I j
. 0 _ L1 1 I L1 1 I L1l L1
100 - . . 0 200 400 600 800 1000 1200 1400
0 200 400 600 8(
Channel Enel’gy (k@V)

Have ~26 million counts in 592 keV coincident with 413 keV in this data set.
Cole, J. D.,etal., 1976, Phys. Rev. Lett. 37, 1185.




Current Level Scheme
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 Currently 236 transitions belonging to 115 levels.

« From that 183 transitions and 84 levels are new.

« Confirmed 5 previous tentatively assigned gamma-rays and 10 of the 12 tentatively
assigned levels.

Next is measuring branching ratios and assigning spins.



B(E2) Comparisons (Preliminary)
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Angular Correlations

Y-Y angular correlation measurements are

sensitive to the spins of the nuclear states Ji
involved and can be used to assign nuclear
spins in decay spectroscopy measurements. V1 In SOME Cases
o transitions can be
W(@)=1+ > arPy(cosh) Jm mixed M1/E2 in
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Angular Correlations (Preliminary)

* Cascading gamma-rays are correlated spatially
and by comparing to simulation we can assign
spins and determine mixing ratios.
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Although sometimes nature is
unkind this is a good test that
we see the expected result.



Angular Correlations (Preliminary)

e Solid confirmation of level spins and
parities are determined.

e 468 - 413 keV cascade from the intruder
band to the ground state band.
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Can determine B(E2) values once

mixing ratios are established.



Angular Correlations (Preliminary)

e Correct states with spins that are assigned.
* The labelling of these states can have major
impacts on the comprehension of nuclear

structure.
e Further our understanding when comparing
to theoretical models.
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Mixed B(E2)’s

* For mixed transitions need the mixing
ratios, 0, to extract the relative B(E2) values.

B(E?2 100 5 E;@f X &
( )rel— Xlg—efx Efy 1_|_52

* First time mixing ratios have been
measured allowing the determination of the
relative B(E2) values for mixed transitions.

e This information will constrain the
constraints of nuclear structure in this
region.

* Many more exciting results to come from
this data set!
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