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Introduction

 classical rare-earth region - close to
stability - modest deformation - test
ground for the development of deformed
shell model
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Ground-Siate Quadmupole Deformation
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P. Moller et al., ADNDT 109-110 (2016) 1

light rare-earth region

e terra incognita - not easy to get

there ...

v prompt-fission studies with GS -
mostly along the yeast line ...
v in-flight fission & fragmentation
(RIKEN) - beta-decay studies ...
e well-deformed n-rich nuclei
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Deformed Nuclei & Shell Gaps
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e ordering of single-particle levels

e size of deformation

v how it evolves with N & Z; are

there shape changes?

e pairing and residual nucleon-

nucleon interactions

e role of the K-quantum number
v" both in y-decay (K-isomers)
and B-decay (spin-trap isomers)
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Motivation

e basic nuclear data: masses, T1/2, Pn, etc.,

v need detailed knowledge on nuclear

structure to improve predictions for

nuclei that won’t be observed

M.R. Mumpower et al., J. Phys. G 44 (2017) 034003
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e unusual nuclear structure behavior near
N= 98 (Gd,Dy,Sm)



CARIBU & ANL

e SF fission of 252Cf (3.1%) 1.7 Ci - 6.31010 dps

e Gas Catcher, Isobar Separator (m/Am~10000),
MR-TOF (m/Am~100,000), CPT (m/Am~1,000,000)

e LE, high-purity & high-quality beams

First aperatior and mass separation with the CARIEL] MR-TCF
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The X-Array and SATURN: A new deca\r spectroscopy station
for CARIBU
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e X-Array (4 Ge CLOVERs) & 1 LEPS e direct implantation on the tape

e large plastic scintillators ° contlrol the growth rE]t((jji;:ay times -
: : resolving states with different T1/2

e SATURN moving tape station

e detailed spectroscopy: B-y-y—time coin
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e CPT, MR-TOF & PI-ICR:
high purity & mass
resolution - identification
of long-lived isomers




(selected) Experimental Results

PHYSICAL REVIEW LLETTERS 120, I82502 (2018)

Masses and f-Decay Spectroscopy ol Neutron-Rich Odd-Odd '"“1'“Eu Nuclei:
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Studies of 162Eu¢3 (N=99
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What to expect:
m5/2[413] v1/2[521] configuration
Kr=3- ground state - no isomers

7/2[514]

5/2[512]
7/2[633]

1/2[521] N=99

5/2[523]

3/2[521]
5/2[642]

3/2[651]
11/2[505]

3/2[402]

Nilsson & folded-Yukawa



PHYSICAL REVIEW LETTERS 120, 262701 (2018)
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Studies of 162Eu¢3 (N=99) - cont.

B-y-y coincidences B-y-t coincidences
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Studies of 162Eu (N=99) cont.
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deviations from WS, Nilsson & folded-Yukawa
ordering of the 1/2[521] and 7/2[633] neutron orbitals
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Sub-shell gap at N=98 and B,~0.3
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e evidences from high-spin and transfer
reaction studies that N-98 deformed sub-

shell gap exists in other regions of the

nuclear chart
TT—————— ——————
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New Development



Decay spectroscopy with Gammasphere

new Decay Data Station at Gammasphere - commissioned December 17-22, 2018
target chamber (WUSL), tape station (LSU) and B- particle detector arrays (ANL)

e flexible selection of different growth &
decay cycles

e increased sensitivity for fast-decaying
nuclei (down to 100 of ms); resolving
isomers

e HEART - Hexagonal Array for Triggering
v 6 EJ-204 plastic scint. & 12 SiPM
v €8=75 (2)% from B-y singles & coin.
e powerful y-y-B-t coincidence device



Commissioning experiment - 146La decay

Y. Khazov et al., NDS 136 (2016) 163
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New LE CARIBU experimental area

e ANL tandem was removed in March 2019
e services in place and first beam line installed
e new experiments expected to start this summer




Outlook & Conclusions

e direct mass measurements in conjunction with detailed B-decay studies
are powerful tool to elucidate properties of neutron-rich nuclei - details
matter!

e CARIBU produces high-quality LE beams with sufficient yield for detailed
spectroscopy - examples on 162Eu, 160Pm & 164Tb - decay properties,
isomers, excitation energies, sub-shell closures ... limitations - the high
background in the LE area - a new beam line has been built and will be
operational later this year - continue exploring the A~160 light rare-earth
region

e decay spectroscopy measurements with Gammasphere - new moving-tape
system & beta-particle detector array - Decay Data Factory - bringing GS
into the new LE area & run continuously for ~6 months - a workshop planed
in ANL later in the fall



