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Mid-shell r-process isotopes

r-process

W Stable isotopes
B Known unstable isotopes
1 Unstable isotopes predicted to exist

e Rapid neutron capture process
e Creates about 50% of the heavy

p process

nuclei
) ) ) ) S process
e Astrophysical environment with high

neutron densities

e When neutron density and
temperature drop, nuclei g-decay
back to stability (Freeze-out)
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Wiedeking, M., Goriely, S., Guttormsen, M. et al., Nat Rev Phys
7,696-712 (2025).



Solar r-process abundance

Major peaks relate to major neutron shell
closure around spherical nuclei

Rare earth peak near mass 165 is
connected to mid-shell nuclei

Nuclei in this region have large
quadrupole deformation

Lack of knowledge in r-process nuclei in
this region impacts the rare earth peak

formation
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Motivation

Eu isotopes mass 160-166 lies on

freeze out path

Detailed studies of Gd isotopes at

TRIUMF in 2017

1%0Fy result published by D.Yates
This work focus on ®'Eu

1000 pps

Data taking time ~3.33hours
single particle and collective
excitations

Details in g-decay properties are
important for modeling isotopes

involved in r-process
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Previous Studies of '®'Eu and '°'Gd

0 2653

e |ow-lying single-neutron states in
167Gd have been probed via the
160Gd(d,p) reaction, more states
proposed

e excited states of '°'Gd via the
neutron capture reaction provided
very limited information on the
y-ray emissions

e Previous p-decay placed only four

transitions in the decay scheme

P.O. Tjom and B. Elbeck Mat.-Fys.Medd.36, No.8,
1967.
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TRIUMF ISAC (Isotope Separator and ACcelerator)

ISAC-I and ISAC-II Facility

Located in Vancouver B.C.

Cyclotron accelerating H- ion up to 4 ‘ |
520MeV _ | h
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Delivery of protons to ISAC target

station
. : GRIFFIN

production of isotopes

High resolution mass separator and

laser ionization

High purity rare isotope beam delivery o

to GRIFFIN at ISAC 1 @TRIUMF



GRIFFIN (Gamma Ray Infrastructure For Fundamental
Investigations of Nuclei) i

e Nuclear structure studies through Vae
beta decay C/,arzth

e 16 clovers with each clover consists
of 4 HPGe crystals

e I[nside vacuum chamber, upstream
using PACES (Pentagonal Array of
Conversion Electron
Spectrometers), downstream with
ZDS (Zero Degree Scintillators) for 8
tagging
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Previous 4 transitions Lowest intensity observed 0.05% |
FUIl Decay SCheme 3excited states y ° max

87 new gamma-ray transitions,
35 new excited states
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Partial Level Scheme

e 18 y-raytransitions are
selected as a demonstration

e Red indicates newly observed

states and transitions

e Width represents intensity




Half-life of Ground State "®'Eu . .

e Gated on pure '°'Gd transitions from '*'Eu g-decay
e High energy y-rays at 1488 keV, 1508 keV, 1726 keV :
o WEUT, ,=28.3(4)s (only statistical error, systematics * y
uncertainty is in progress) g { HHH H * | T m
e Within uncertainty of NNDC adopted value of 26(2)s i WHWHMWWdH}ﬁHﬂ}ﬂ}hMH;HWWJSwﬂﬁ[HH%]WM
Ref T1/2 (S) (i;
This work 28.3(4+systematics) i s /7 /Y
H. Mach et al. (1986) 27(3) - LAV ARVA /
R. A. Anderl, R. C. 24(4) AN LI 1
Greenwood (1990) i\\ ”“’?*’Té’”;*’}i—?_—@g_&g //Z:
J.Wu., et al. (2017) 30.1(90) ogd




Addback beta-tagged griffin energy

Isomeric state of '°'Eu

276 keV ->

/ 72keV

counts/1.0 keV

e High intensity of 204 keV

gamma-ray observed 181y 0.0 (5/2%)

——

L |
260
energy [keV]

e Possible p-decay isomer in "°'Eu

e Third forbidden p-decay (LogFt =
7.31(5)) from ground state '®'Eu is
very unlikely

e More likely to be allowed to first

forbidden decay from a higher

spin state in "®'Eu
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Half-life of High Spin Isomeric State '®'Eu

161Eu Decay — Data
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5/2*

Odd Mass Eu Isotopes Systematics

254 s 13
(11/2%)
18.1 min 2 7.7s 2.25s
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Conclusion

e 87 new y-ray transitions, constructed a level scheme comprising 35

new excited states
e Detailed structure of the excitations is under study

e High precision half-life measurements and new beta-decaying isomer

found in '®'Eu, similar half-life
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DECAY SPECTROSCOPY OF '“'EU WITH THE GRIFFIN SPECTROMETER T h a n k yo u "
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