
Competing decay modes from the 25/2− 
spin-gap isomer in 155Lu

             Andy Briscoe 
University of Liverpool



Isomers at N=84 and 155Lu motivation
α-decaying high-spin isomeric states 
were first observed in the N=84 isotones 
by Sigurd Hoffman in 1979 at SHIP

High energy alpha decay lines were observed 
from a range of beam and targets.

Eα =7.4 MeV, t1/2= 2.7 ms and Eα =7.8 MeV, 
t1/2= 0.5 ms was reported for these alpha 
decays, but could not be identified.

Subsequently assigned to high-spin decays of 
155Lu and 156Hf

Since these initial experiments, several 
several alpha decaying spin-gap isomers 
in this region

155Lu84

156Hf84
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156Hf
T1\2=0.14 ms, 
Eα=8.286 Mev

T1\2=1.5 ms, 
Eα=6.445 MeV

72 84

8474

160Os8476

Eα= 8889(10) keV 
t1/2 =38+12

-7 μs

Eα= 7092(15) keV 
t1/2 =97+97

-32 μs
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Several high-spin (Δℓ = 8) 
alpha-decaying isomers 
observed in N=84 isotones 
arising from πh11/2 νh9/2 
interaction.

 So far only observed only 
alpha emission observed 
from these states. 
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Several high-spin (Δℓ = 8) 
alpha-decaying isomers 
observed in N=84 isotones 
arising from πh11/2 νh9/2 
interaction.

 So far only observed only 
alpha emission observed 
from these states. 

We wanted to study the possibility of competing 
EM modes, today will show results on on the 
2.71 ms 25/2- state in 155Lu.

Isomers at N=84 and 155Lu motivation

Lowest possible competing multipolarity between 
25/2- and 19/2- would be an M3 transition. 

Will decay with the state half-life of 2.71 ms, 
eventually feeding 11/2- α-decaying ground state.  

71 84



Correlation of fusion products

MWPC 
(transmission
detection)

DSSD
implantation 
detector)

Beam
(from
Cyclotron,
58Ni)

Target
(102Pd)

40 cm
≈7 m   → Flight time ≈ 500 ns

Recoil Separator
(MARA)

TOF

(300 um- thick Micron BB20)
Optimal for α and protons while 
reducing β background. Sensitive 
to low energy conversion electrons.
72x192=13824 pixels160W Compound

Nucleus, 155Lu via 
3p2n channel



Ancillary detectors

JUROGAM3 Array: 24 Clover and 
15 Phase 1 Ge detectors

Focal-plane
detectors

3 BEGe detectors and 
1 Clover detector 
surrounding the 
DSSD for delayed ɣ 
rays

Beam

MARA

Target
Position



Isomer search: ɣ rays
Eex=1776(2)



Isomer search: ɣ rays

In-beam ɣ rays 
above 11/2- α 
decay, confirms 
that M3 isomeric   
ɣ ray should be 
followed by 685 
and 807, not 329

M3 lowest order 
multipolarity 
allowed 
between 25/2- 
and 19/2-



Isomer search: ɣ rays

M3 lowest order 
multipolarity 
allowed 
between 25/2- 
and 19/2-

Impossible to 
correlated 2.71 
ms gamma-
rays. Too 
much 
background.

A different 
approach is 
needed..

In-beam ɣ rays 
above 11/2- α 
decay, confirms 
that M3 isomeric   
ɣ ray should be 
followed by 685 
and 807, not 329



Competing EM Branch: DSSD internal conversion

Can take advantage of the segmentation of the 
DSSD when looking for longer lived internally 
converted transitions. 

Decays correlated before the 5660 keV 11/2- α 
decay reveals the conversion electron spectrum from 
a single delayed transition.

K
L(M,N,O..)



Competing EM Branch: DSSD internal conversion

K
L(M,N,O..)

Prompt ɣ-ray 
coincidences with the 
delayed electrons 
show that it is 
followed by 685 and 
807 keV ɣ rays

Time distribution of 
electrons & ɣ rays 
consistent with 2.71 
ms of 25/2- decay. 
Competing branch 
from this state!

Can take advantage of the segmentation of the 
DSSD when looking for longer lived internally 
converted transitions. 

Decays correlated before the 5660 keV 11/2- α 
decay reveals the conversion electron spectrum from 
a single delayed transition.



Competing EM Branch: transition energy & branch
Need to take care when measuring energy of conversion electrons from 
implanted nuclei.  Dedication electron calibration (source + implanted 
nuclei).

Following conversion, atomic relaxation effects (X-rays & Auger electrons) 
sum with conversion electrons (diagram).

 

For 300 um DSSD:
K X-ray (~55 keV) not stopped (HVL 8000 um)
L X-ray ( ~8 keV)  fully stopped (HVL 40 um)

Need to sum K line with 
average K X-ray from TOI 
: 55.3 keV

Atomic relaxation 
energies < K sum.

Measured transition energy
using K: 231(1) keV + 55.3 keV = 286.3(1) keV, using L(M,NO): 286(1) keV

Isomer excitation energy ( 806.7(3) + 684.8(3) + 286(1) ) = 1778(1) keV
Consistent with 1776(2) keV from α decays. 

Kα

K Shell

L Shel l

M
 Sh ell

N Shell

Nucleus

Kβ Lα Lβ

~54 
keV

~7 
keV ~8 

keV

~61 
keV



For 300 um DSSD:
K X-ray (~55 keV) not stopped (HVL 8000 um)
L X-ray ( ~8 keV)  fully stopped (HVL 40 um)

Need to sum K line with 
average K X-ray from TOI 
: 55.3 keV

Atomic relaxation 
energies < K sum.

Measured transition energy
using K: 231(1) keV + 55.3 keV = 286.3(1) keV, using L(M,NO): 286(1) keV

Isomer excitation energy ( 806.7(3) + 684.8(3) + 286(1) ) = 1778(1) keV
Consistent with 1776(2) keV from α decays. 

EM branching ratio:
Ratio of total number of 25/2- α decays (17.053(4)x106) to number 
of electrons in both peaks (4550(140)) after correcting for 
efficiencies.

Conversion electron: 0.118(6)%
Total ICC (M3) = 2.92 , ɣ-ray branch: 0.041(2)%

Total EM branch:  0.159(6)%

Need to take care when measuring energy of conversion electrons from 
implanted nuclei.  Dedication electron calibration (source + implanted 
nuclei).

Following conversion, atomic relaxation effects (X-rays & Auger electrons) 
sum with conversion electrons (diagram).

 

Competing EM Branch: transition energy & branch



Competing EM Branch: Strength and 
systematics
Coincidence with 807 keV (15/2- → 11/2-) and  685 keV (19/2- → 
15/2-) can clean up the spectrum for measuring multipolarity and 
transition strengths through deconvolution. 

Fitting intensities of the K conversion line and comparing the 
calculated area with that expected for an M3 and E4 transition show 
that M3/E4 mixing of 5(2)% is required. 

Weisskopf single particle estimates for 286 keV 
transition
M3: 0.519 s       E4: 6880 s

The 0.041(2)% ɣ-ray branch results in
B(M3) = 0.073(4) W.u   and B(E4) = 50(20) W.u

Shell model calculations (inert 146Gd core, π valence space: d3/2, s1/2, 
and h11/2 orbitals and ν: h9/2, f7/2, f5/2, p3/2, p1/2, and i13/2 orbitals.)

B(M3) (25/2- -> 19/2-) = 149 μN
2fm4 = 0.108 W.u

B(E4) (25/2- -> 19/2-) = 19322 e2fm8 = 0.54 W.u



Competing EM Branch: Strength and 
systematics

Shell model calculations (inert 146Gd core, π valence space: d3/2, s1/2, 
and h11/2 orbitals and ν: h9/2, f7/2, f5/2, p3/2, p1/2, and i13/2 orbitals.)

B(M3) (25/2- -> 19/2-) = 149 μN
2fm4 = 0.108 W.u

B(E4) (25/2- -> 19/2-) = 19322 e2fm8 = 0.54 W.u

Weisskopf single particle estimates for 286 keV 
transition
M3: 0.519 s       E4: 6880 s

The 0.041(2)% ɣ-ray branch results in
B(M3) = 0.073(4) W.u   and B(E4) = 50(20) W.u

Coincidence with 807 keV (15/2- → 11/2-) and  685 keV (19/2- → 
15/2-) can clean up the spectrum for measuring multipolarity and 
transition strengths through deconvolution. 

Fitting intensities of the K conversion line and comparing the 
calculated area with that expected for an M3 and E4 transition show 
that M3/E4 mixing of 5(2)% is required. 



Outlook, future work and thanks!

Thanks to my collaborators!

A weak competing EM decay observed for the first 
time from N=84 alpha-decaying spin gap isomers, 
only possible through conversion-electron 
spectroscopy of implanted products. 

A 0.159(6)% branching ratio was measured. With 
deconvolution of electrons spectrum, transition 
strengths were extracted:
B(M3) = 0.073(4) W.u  and B(E4) = 50(20) W.u.

Future work
Angular correlations of M3/E4 gamma-ray could be 
used to confirm mixed nature of transition and sign 
of mixing.

Aiming to probe more E4 strengths near N = 82 to 
assess potential apparent enhancement.



BACKUP FOLLOWS



DSSD Correlations & Calibration

Thresholds on DSSD low (≈60 keV) for 
possible conversion electrons & (limited) β 
signals

For measuring conversion electrons of 
implanted activity, good to have dedicated 
calibration. 
External α source difficult due to dead layer. 

Strips matched with 133Ba source, calibrated 
with internal 150Tm conversion electrons 
produced within 1 shift overnight Random recoil rate (R -R) defines max 

correlation time. 

Exponential distribution, average time 5 
seconds. Can’t correlate well beyond this 
time after implantation.

(sub-set)



Competing EM Branch: Simulated spectra

Confirmed by 
NPTool DSSD
simulation 
(atomic relaxation 
included)

Measured transition energy
using K: 231(1) keV + 55.3 keV = 286.3(1) keV, using L(M,NO): 286(1) keV

Isomer excitation energy ( 806.7(3) + 684.8(3) + 286(1) ) = 1778(1) keV
Consistent with 1776(2) keV from α decays. 



Evaporation discrimination

M

ToF between MWPC and DSSD
Characterstic implantation energy in Si

α tagged (one mass)
 
4 charge states
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Heavier N=84 isotones

Even-even
8+ (νh9/2)2 states fall below event 
the 4+ (νf7/2)2 states at 158Pt 
(Z=78) ?

Odd-even
25/2- not present in 157Ta, states 
should continue to fall in energy. 
No excited states known in 159Re 
(Z = 75). 



Experiments with recoil separators at JYFL

MARA RITU

K130 
Cyclotron

Quadrupole 
triplet

Electrostatic 
deflector

 
Q1

Q2 Q3

Fusion-evaporation
residue

Magnetic 
dipole

Implanted 
into DSSD

(MICRON BB20: 
0.67mm, 192x72 strips)

Flight time = 0.5μs

Different 
Masses
(m/q)

EρE =
pv
q ≈

2Ek
q

Bρ =
p
q

√2Ekm
q≈B

200 MeV Recoil =>
 v/c = 0.05



Rebinned electron deconvolution


