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r-process

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

nuclei
● Astrophysical environment with high 

neutron densities
● When neutron density and 

temperature drop, nuclei 𝛽-decay 
back to stability (Freeze-out)

Wiedeking, M., Goriely, S., Guttormsen, M. et al., Nat Rev Phys 
7, 696–712 (2025). 
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Mid-shell r-process isotopes
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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

Data adopted from John J. Cowan, et al.,Physics 
Report, 208, Nos. 4 & 5(1991) 267—394.
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β2

P. Möller, et.al., Atomic Data and Nuclear Data Tables,109–110, 2016, 
1-204  
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Motivation
● Eu isotopes mass 160-166 lies on 

freeze out path

● Detailed studies of Gd isotopes at 

TRIUMF in 2017

● 160Eu result published by D.Yates

● This work focus on 161Eu

● 1000 pps

● Data taking time ~3.33hours

● single particle and collective 

excitations

● Details in 𝛽-decay properties are 

important for modeling isotopes 

involved in r-process D.Yates, .et.al , Phys. Rev. C 107, 
064309, (2023)

Number of Neutrons (N)

N
um

be
r o

f P
ro

to
ns

 (P
)



5

Previous Studies of 161Eu and 161Gd

● low-lying single-neutron states in 
161Gd have been probed via the 
160Gd(d,p) reaction, more states 

proposed

● excited states of 161Gd via the 

neutron capture reaction provided 

very limited information on the 

γ-ray emissions 

● Previous 𝛽-decay placed only four 

transitions in the decay scheme 
P.O. Tjom and B. Elbeck Mat.-Fys.Medd.36, No.8, 
1967.

L.V.Groshev, A.M.Demidov, L.L.Sokolovskii Ser.Fiz. 
35,1644, 1972.
H. Mach et al. Phys. Rev. Lett. 56,1547, 1986.
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TRIUMF ISAC (Isotope Separator and ACcelerator)

● Located in Vancouver B.C.

● Cyclotron accelerating H- ion up to 

520MeV

● Delivery of protons to ISAC target 

station

● production of isotopes

● High resolution mass separator and 

laser ionization 

● High purity rare isotope beam delivery 

to GRIFFIN at ISAC 1
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GRIFFIN (Gamma Ray Infrastructure For Fundamental 
Investigations of Nuclei)
● Nuclear structure studies through 

beta decay
● 16 clovers with each clover consists 

of 4 HPGe crystals
● Inside vacuum chamber, upstream 

using PACES (Pentagonal Array of 
Conversion Electron 
Spectrometers), downstream with 
ZDS (Zero Degree Scintillators) for 𝛽 
tagging 
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Full Decay Scheme
87 new gamma-ray transitions, 
35 new excited states

Previous 4 transitions
3 excited states

Lowest intensity observed 0.05% Imax

Sn 5635 keV
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Partial Level Scheme

● 18 ɣ-ray transitions are 

selected as a demonstration

● Red indicates newly observed 

states and transitions

● Width represents intensity
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Half-life of Ground State 161Eu

● Gated on pure 161Gd transitions from 161Eu 𝛽-decay

● High energy γ-rays at 1488 keV, 1508 keV, 1726 keV 

● 161Eu T1/2 = 28.3 (4) s (only statistical error, systematics 

uncertainty is in progress)

● Within uncertainty of NNDC adopted value of 26(2)s

Ref T1/2
 (s)

This work 28.3(4+systematics) 

H. Mach et al. (1986) 27(3)

R. A. Anderl, R. C. 
Greenwood (1990)

24(4) 

J.Wu., et al. (2017) 30.1(90) 
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Isomeric state of 161Eu

● High intensity of 204 keV 
gamma-ray observed

● Possible 𝛽-decay isomer in 161Eu 
● Third forbidden 𝛽-decay (LogFt = 

7.31(5)) from ground state 161Eu is 
very unlikely

● More likely to be allowed to first 
forbidden decay from a higher 
spin state in 161Eu

161Eu 0.0   (5/2+)

276 keV -> 
72keV
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Half-life of High Spin Isomeric State 161Eu

● Isomeric state of 161Eu with potential 

spin parity assignment of 11/2+

● Activity gated on 204 keV transition

● Best fit isomer half-life of 25.4 (5+ 

systematics)s 

● Ground state half-life 28.3 

(4+systematics) s
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Odd Mass Eu Isotopes Systematics

5/2+ 18.1 min
0

159Eu

(5/2+) 28.3 s
0

161Eu

25.4 s

7.7s

163Eu

(11/2+)
2.25s

165Eu

0 0

● 161Eu is the only isotope that have been observed with 
an isomeric state among the odd mass Eu

● Propose configuration due to breaking pair of neutrons 
causing a three quasi-particle configuration with the 
single proton

● 3 quasi-particle configuration p (5/2+[413] )𝝂(½-[521] 
5/2-[523]) 

ħ⍵

𝛿
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Conclusion

● 87 new γ-ray transitions, constructed a level scheme comprising 35 

new excited states

● Detailed structure of the excitations is under study

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

found in 161Eu, similar half-life



15Thank you
Merci

TRIUMF is located on the traditional, ancestral, 
and unceded territory of the xʷməθkʷəy̓əm 
(Musqueam) People, who for millennia have 
passed on their culture, history, and traditions 
from one generation to the next on this site. 
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Systematics

3/2- 18.479 h
0

159Gd

5/2- 3.66 min
0

161Gd

68 s

163Gd

11.6 s

165Gd

0 0

● No observation of isomeric states in 161Gd

(7/2+)

23.5 s

(1/2-) 137.8


