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S u m m a r y 
159 

The decay of Tm ( T 1Iz= 9. O±O. 4 min) 
has been investigated with Ge(Li) and SHLi) 
detectors, ~-spectrographs and a toroidal 
~ -spectrometer using isotopically separa
ted samples produced by the YASNAPP facili
ty at Dubna. The singles.r-ray. spectru~, 
the conversion electr6n spectrum, ,the posit
ron spectrum, prompt and delayed y..;.y coinci
dences were measured. Using strong thulium 
activities conversion electrons were also 
measured with high resolution ~-spectro
graphs. In the159 Tm decay 81 new y-ray tran
sitions were observed. A decay scheme of 

159 Tm is proposed involving 12. excited states 
in159Er. F.irst members of the rotationai 
bands 3/2-[ 521] , 5/2- [523] , 3j2+ H402] 
+ [65~} , 11/2-[505] and 7/2- [514]and the 
5/2, 7/2 and 9/2 states of a strongly~per
turbed positive parity band were identified. 
The Q-value of l59Jm was determined to be 
3 • 4 ± 0 • 3 MeV. 
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1. Introduction 

The existence of an 11 ± 3 min 159Tm activity was 
reported by dromov et al. /l/ Recently de Boer et al. 121 
have found for l 59Tm a half-life of 12 ± l min and identified 
six y-ray transition in this decay. Balanda et al. / 3

/ 

observed in the/ 59rm decay nine y -ray transitions which 
they placed in a 59Er level scheme involving seven excited 
states. However, no information about their nature was 
given. 

The most complete information on the level scheme 
in 159 Er has arisen from in-beam experiments in the 
reactions 150sm ( 12c, 3n y) , 152Sm (12C,3n y) and 122 Sn(40Ar, 3n y) 
(refs. 14•5 I ). These authors identified .in 159 Er . the 
members of the 3/21521] ground-state band up to the 
9/2- state, a 11;2- [505] isomeric state with a half-life 
of 600 ± 60 nS' an<t the I+ 1/2 = odd members from 9/2 to 
45/2 of a strongly perturbed positive parity band. The half
life of the 9/2+ state of this band was determined to be 
325 ± 30 ns. 159 

srins I= 5/2 and I = 3/2 for the ground-states of Tm 
and 59Er , r~specUvely, have been measured using the 
atomic beam technique 161 . . 

The present investigations were undertaken to get more 
complete information about the low spin states in 

159 
Er 

by studying the decay of 159Tm. For this purpose Ge(-Li) 
and Si( Li) detectors, magnetic. ~-spectrographs and a 
toroidal ~ -spectrometer have been applied. The singles 
y -ray spectrum,. the conversion electron spectrum, the 

positron spectrum, prompt and delayed y-y coincidences 
were measured. 

Preliminary results of the present investigations of the 
159Tm decay have been published preyiously / 7- 9 /_ 
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2. Experimental Details and Results 

2.1. Source production 

The activity of 159 Tm was produced by the spallation 
reaction induced by high energy protons on a tantalum 
target. Suspensions of about 3 g Ta2 0 5 in 3 ml 0.lM HNO 3 

were irradiated for 20 min on the external 660 MeV proton 
beam (current 0.1 µA ) of the synchrocyclotron at Dubna. 
Because of the high recoil energy of the spallation products 
about 40% of those are stabilized in the liquid phase and can 
easily be separated from the target material by filtra
tion /IO/ . During one minute the rare earth spallation 
products were absorbed from the filtrat atasmall amount 
of cation exchange resin (10 mg) with a yield better than 
80%. After washing the resin with 0.1 M NH 4Cl solution 
and water the rare earth spallation products were separated 
by cation exchange chromatography at a 2 9 x 60 mm column 
filled with Aminex A5. By elution with 0.08 M. a -oxy-iso
butyric a~id ( a -HIB) of the value pH =4.8 the, Tm fraction 
appeared after elution of the 1Lu and . yl:, fractions in 
a volume of 1-2 drops about. IO min after the end of irra
diation. The Tm fraction was heated until dryness at 
a platinum foil. After adding of 0.02 ml of 2.10-3 M 
a -HIB the Tm activity was deposited as hydroxide by 
electrolysis on a 5 mm 2 tungsten foil. Using 30 seconds 
for electrolysis the yield was better than 80%. By heating 
the foil up to 500° C the Tm hydroxide was transformed 
to the Tm oxide. 

After the end of this chemical process the separation 
of the Tm isotope was performed by usingan electromag
netic isotope separator /II/ with a pipe-type surface ioni
zation source /l 2/. The separation efficiency has been 
measured to be about 30% for a 5 min separation time. 
About 20 min after the end of irradiation the measure-
ments of samples were started. · 

On the other hand samples were preparated using the 
method of fast extraction of isobares of rare-earth ele
ments by direct electromagnetic mass-separation from the 
proton irradiated targets without chemical processing / 13~ 
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In these cases about 5 min after the end of irradiation the 
measurements of samples, obtained from the irradiated 
during the 5 minute period tantalum target with the 
thickness 0.05 mm, weight 0.5 g were started. 

2.2. Gamma ray singles measurements 

High resolution singles Y -ray measurements up to 
about 600 keV were carried out using Ge~Li) detectors of 
volumes 1.0, 2.4 and 3.0 cm 3 with system resolutions 
for 57 Co of 0.6,.0.6 and 0.9 keV, respectively. The high 
energy range of the singles y -ray spectrum was measured 
up to about 3.5 MeV with a 38 cm3 Ge(Li) detector at 
a system resolution for 6°Co of3.5 keV. The spectra were 
stored in 4096 channel analysers, recorded on magnetic 
tape and analysed by means of computers including light 
pen systems (for further details see refs. /l 4 ,

15
/ ) .. 

In order to improve the statistical accuracy the spectra 
from up to ten sources were added. In fig. 1 the low energy 
part of the 1 59 Tm y -ray spectrum is·· shown. The high 
energy part of the 159Tm y -ray spectrum is plotted in 
fig. 2. Most of th~ observed Y-ray lines were assigned 
to the 159Tm tteca_y on the basis of their relative intensi
ties in successive spectra. The lines of the daughter 
activities 159 Er ref. /l 6 / ) and 159 Ho (ref. /I 71 ) are 
indicated in figs. 1 and 2. The y -ray energy and intensity 
values deduced from the present singles y -ray measure
ments of the 159 Tm decay are given in column 1 and 2 of 
table 1. In the decay of159 Tm81 'new y-rays were observed. 
The half-life of 15~m was determined to be 9.0± 0.4 min 

· by following the. intensity decrease of the dominant y -rays 
over approximately 40 minutes. 

2. 3. C o n v e r s i o n e 1 e c t r o n an d ·0

• po s it r o n 
measurements 

C 
. l 159T on version e ectrons of the m decay were measured 

using two different experimental arrangements. Firstly, 
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Fig. 1. Low energy part of the 159
Tm y -ray spectrum 

measured with a 2.4 cm3 Ge(-Li) detector. The J59Jm 
lines are indicated by vertical strokes and by their energy 
values given in keV. Other lines are marked by the 
symbol of their mothe~ nuclei. (a) Energy range of 30 to 
140 keV. (b) Energy range of 140 to 255 keV. 
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Fig. 2. High energy part of the 
159

Tm y -ray spectrum 
measured with a 38 cm 3 Ge(,Li) detector. The I59Jm 
lines are indicated by vertical strokes and by their energy 
values given in keV. Other lines are marked by the symbol 
of their mother nuclei. (a) Energy range of 260 to 
1500 keV. (b) Energy range in the neighbourhood of the 
annihilation peak. (c) Energy range of 1500 to 2800 keV. 
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a toroidal /3-spectrometer 1181 with a transmission of 
7% and a resolution of 0.5% was used for the conversion 
electron measurements with mass-separated 159 Tm sour
ces. The 159Tm decay was followed over three half-lives 
in order to subtract contributions of transitions belonging 
to the daughter activities of 159 Er (ref. /16/) and 159Ho 

(ref. 1171 ). Secondly, the conversion electrons were 
measured by the aid of magnetic /3 -spectrographs with high 
resolution of 0.05% (ref. 1191) using -Tm activities separa
ted chemically from the other spallation products of a 
metallic tantalum target 1201 irradiated on the internal 
680 MeV proton beam (current 2.3µA ) of the Dubna 
synchrocyclotron. 

From all these electron measurements the conversion 
electron intensities are compiled in column 3 of table 1 
and normalized to the theoretical values of the K -conver
sion coefficient for the 144.4 keV E 2 transition. The 
multipolarities of the y -ray transitions are given in 
column 4 of table 1. They were deduced from a comparison 
of the K -conversion coefficients and 'L -subshell ratios 
with theoretical values 121 1. 

159 
The positron spectrum of Tm was measured with 

a Si(Li) detector of 5 mm diameter and 2.4 mm thickness 
having a system resolution for 57 Co of 2.5 keV at a tem
perature of 110 ° K. The positrons were selected from the 
electrops and y -rays by means of a homogeneous magnetic 
field 1221 . The endpoint energy of the /3 + -spectrum of 
the 159 Tm decay was determined to be 2050 ± 100 ke V. 

2.4. Prompt and delayed coincidence 
measurements 

In order to place the observed y -ray transitions in the 
level scheme prompt y-y coincidence measurements were 
performed with two Ge(Li) detectors of volumes of 27 and 
41 cm 3 at system resolutionsfor 57 Co of2.2 and 1.7 keV, 
respectively. The resolving time of the coincidence system 
was 50 ns. Sixteen digital windows were placed on the 
photopeaks and on the continuous background near the~e 
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~able 1 :laergia■ and intensities of the 1-ra:r transition■ 
in the dlCIQ' of 159!.a 

Bl' lteV 

JS.30t-0.06•l 
59.30±(>.01•> 
73.4 t,0.7 
75.4 ±<>•5 
76.3 t,0.5•> 
77. 1 ±.0• 5•> 
64. 90t.0. 10•• b) 
86. 8 ±<>• 6 •> 
88.9 io.5•> 
92.2 ,t0.6 
94.5 t,0.6 

113.9 ±<>•4•> 
120.0 t,0.3 
121.3 ,to.5•> 
127e9 .t().~,b) 
u,.a t,0.5•> 
144.4 ±<>•2•,b) 
161.5 ,to.2•> 
163.210.4•> 
111.s 10. 6•> 
196.4 t,0.4■,b) 
198.9 10.5•> 
212. 0 ±<>· 5•> 
220.6 ;t,0.~,b) 
243. 8 ,t.). 3•> 
2480 1 .tO• ,•> 
25207 ,t0o7 
271. 1 :t,Oo)••'II) 
2840 2 .t()os■ > 
28901 :t,Oo)••b) 
348~ 7 .tO• 5•• b) 
.36006 ,t0o7 
.367. 7 t;<>.6 
)7408 ;t,Oo 5 
.384.0 .t()o 6 
),0.8 +006 
408.9 ioo,.> 

I 1 

''° :t,20 
72 ±. 8 
7. 7 ±,)o 1 
7o7 ±.301 

12 • .3 :t4.6 
15o4 t,5o2 

100°> 

9o2 ±.3• 1 
18.5 +406 
406 ±1o5 
4.6 ,t1.5 

18o5 ,t2.4 
48 t.,8 

15.4 ±,406 
6.) ,t8 
15.4 t.406 
42 t,4 
66 t.5 
29 ±,) 

9 jf ±.3 
48 ±,) 
29 ±,) 
.35 t,7 

106 t,8 

20.0 ,t4.6 
2). 1 t,4.6 
48 t,12 

128 t,8 
10.8 :t4.6 

100 :t,12 
88 t.8 
7.7 j;,)o1 
9. 2 j;,)o 1 

50.8 :t,5.0 

13.9 ±.3· 1 
18. 5 ±,3o 1 
51 ;t5 

I~ 

1J 
d) 

114 ±,31 
86 :t,2.3 

409 :t,77 
.34 :t,12 
2) ;t8 

38 :t,15 
71 t,8 

S 2.3 
18 t,6 
8 ±.3 

17 ±,) 
29 t,6 
21 t,6 

S 6 

11 ±.3 
.3o9;t1o5 
1.5±<>.8 

17 ±,) 
1.5t0.5 
)o1t,1o2 

S 1o5 
1.51:.0.8 

s o.s 
s o.8 

0.8:t,0 • .3 

0.51:.0.2 

llult1-
polarit7 1 100 

Itor_ deca_y■ 
Bt 

llt+(< 1°" B2) 

(ll1) 

•1 
ll1+( < 12J B2) 

ll1 
B2 

•1 ., 
B1 
B1 
B2 
B2 
ll1 

•1 
ll1 

Mt, (B2) 
B2 
B1 

•1 
(Et) ., 
B1 
B1 

B2,(E1) 
Et 
Et 

B1 

18.5 
71.4 

5.6 
7.4 

37.0 
.3.4 
6.5 

3.5 
8.5 
1.2 
4.8 
1.9 
4.8 
7.5 
3.3 
1. 1 
4.5 
2.4 
2.4 
9o1 
1.4 
1.9 
3.2 
8.5 
o.8 
6.6 
5.8 
0.5 
o.6 
).) 

0.9 
1.! 

.3.3 
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fable 1 (continued) 

E ,,keV 

416.)±0.6b) 
422.s;:o.6•> 
4)5.1;t.0.6 
445e7;t.Oe7 
450.0;t.0.6 
461.7;t.0.6 
483.7:t.O•' 
500. 5-+-(). 8 

501 .o;:1. 5•> 
51a.41.0.0 
534.4t.o.6 
541.st,o.5 
559.J±.0• 7 
566.3±.0. 68

) 

668.8,t<>.6 
681. 5:t.O• 8 
692.0;t.0.0 
696.~o.a 
714. 1;t.0.8 
12a.51.0.0 
762.91.0.7 
a10.~1.o 
a29.5t.o.a 
843.8,t<>.7 
858.G;t.0.6 
887.9:t.0.6 
903.51.0.7 

I } I / 100 
tot decay11 

:s ,,1cev 

12.3±.3. 1 
12.3±.3.1 
15.¼;_). 1 

6.2:tJ.1 
10.5±6.2 
22 ;t.5 
15.4t.3.1 
25 ±,8 
20 ±.8 
35 ;t9 
12.3±.3. 1 
15.4:t). 1 
15.4:t,3.1 
6.2:t3. 1 

12.0;t,3. 1 
6.2:tJ. 1 
7 • 7:t,J. 1 
9.2:t3. 1 
4. 6t,1 • 5 

16.9:t.3.1 
7.7:t,1.5 
9.2±,3.1 
9.2:t,3. 1 

10.5±4.6 
9.2:t3.1 
9.2t,.4.6 
6.2:tJ. 1 

o.a 922.2t,.o. 7 
0. 8 942. 8:t,0. 6 
1.0 990.2±,0.7 
o. 4 1136. O:t.O• 7 
1.2 1187.2:t,0.9 
1.4 1191 • 91.0. 9 
1.0 1199.7;t.0.6 
1 • 6 1210. 91.0. 7 
1.3 1263.2:!:.0• 9 
2a) 1271.¼;_0aB 
o.a 1291.21.0. 7 
1. O 1355. 51.0. 7 
1.0 1392. 7:t,0.8 
0.4 1400. 1;t.0.0 
0.0 1421.1::1:,0.s 
0.4 1553.2::1:.0.s 
0.5 1838.St,0.6 
o.6 1s91.0;t.0.1" 
0.3 1924.91.1.2 
1.1 1961.51.0.9 
o. 5 2002. Gt,o. 7 
o. 6 2090. 6:t.O· 8 
o.6 2111.2:1:,1.2 
1.2 2208.7±,1.0 
o. 6 2422. J;t.0. 8 
o.6 2775.~o.a 
0.4 

/ 100 
I 1 1 tot decaya 

7 • 7:t,J. 1 
20 !.5 
7.7:t,3.1 

13. 91.,3.1 
9e2±,1 • 5 
9.2t,1.5 

18.5~;.4-6 
10. 5±.4.6 
12.313.1 
15•4:tJ• 1 
1). 9:t.3• 1 
1 ). 91.,3. 1 

" 7e7:!:,1e5 
9.2::1:.1.5 

13. 91.,3. 1 
13.9:t.3. 1 
20 ±,5 
10.5±4.6 

7.7:t,3.1 
9.2:tJ. 1 

10.5±4.6 
7.7:t,3.1 
7 • 7:t,Jo 1 
7.7:t,3.1 
7. 7:t,3• 1 
9.2:t3. 1 

0.5 
t.3 
0.5 
o.9 
o.6 
o.6 
1,2 
1.2 
o.a 
1.0 
o.9 
o.9 
0.5 
o.6 
o.9 
o.9 

1.•" 
1.2 
o.5 
o.6 
1.2 
0.5 
0.5 
0.5 
0.5 

"• o.6 

a) Placed in the decay 11cheme. 
b) 1-ra:s trlll1llitions obserTed in refs 2•3>. 
c) lo:naalisation value. 
d) The experimental L-■ubshell ratio■ ot the )8.30, 59.J0, 

84.90 and 144.4 k~V tranRitions were determined to be 
Lr/Ln/LIII = 46/26/34, LrfLn ~ 69/(~ 12), LI/Ln = 51/('i 9) 
and L11/L111 = 7/7, respectiYely. 
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peaks in order to correct the contributions of coincidences 
with the continuous distribution under the photopeaks. The 
coincidence spectra were simultaneously stored in a me
mory of 16 x 4096 channels (for further details see 
refs. 123 ,241 ). Measurements of ten sources were added. 
The y - y coincidence pairs attributed to the decay of 
159Tm are summarized in table 2. 

Half-lives of excited levels in 159Er were measured by 
delayed y-y coincidence technique using a fast-slow 
coincidence system. This coincidence arrangement con
sists of a ( ¢ 4 x 4) cm3 NaJ (Tl) scintillation counter as 
a gate detector with a system resolution of 9% for137Cs 
and a 3 cm3 G!( •Li) detector with a system resolution at 
57c0 of 0.9 keV for recording the coincidence sAectra. 
The resolving time of the system was 5 ns (ref. 241 ). 

Sixteen time windows, each of 100 ns width, were set on the 
time distribution curve. The coincidence sfectra were 
stored in a memory of 16 x 4096 channels 124 . The time
to-pulse-height converter stopped by delayed pulses from 
the Na J (Tl) detector. In the slow channel of the starting 
branch all y -ray transitions above 10 keV were selected. 
The spectra of y -ray transitions populating (de-popu
lating) the isomeric states were measured " with the 
Ge( ,Li) det~cto; in coincidence with the selected pulses 
from the start detector and by addHionally gating this 
stop channel with pulses within the windows set on the left 
(right) hand side of the prompt peak of the time distri
bution curve. In this way it was possible to determine 
the half-lives of the isomeric states from the change 
of relative intensities of the populating (windows on the 
left-hand side) and the de-populating (windows of the right
hand side) y -ray transitions in the spectra recorded with 
the Ge (Li) detector (fig. 3). The four selected spectra 
of the populating and de-populating y -ray transitions 
in fig. 4 suggest that the 88.9 and 120.0 keV transitions 
populate and the 38.30 keV transition de-populate the 
310 ± 30 ns isomeric state observed for the first time 
by Leigh et al. 141 and the 136.8 keV transition populates 
an isomeric level with a half-life of 550 ± 150 ns (see 
also fig. 3). 
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'fable 2 a--g- coinciclencu aeuurecl ha the llecay of 

gated line■ 

B 7
1

, lceV 

59.30 

84.90 

127.3 • 127.9 

144.4 

212.0 

220.6 

271.1 

289.1 

159'fa (BC) 159Er . . 

liDH 1D coinciuuoe with the gate 
trau1Ucma 
:S 12 , . lceV 

84.90, 127.9, 161.5, 198.9, 212.0, 
243.8, 248.1,. 289.1 

59.30, 113.9 0 127.3, 16).2 

64.90, 144.4, 161.5, 196.4, 220.6 

127.J, 163.2 

196.4 

127.9 

196.4 

59.J0 
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Fig. 3. The half-lives of the isomeric states in 
159 Er. 

They were evalueted from the change of relative intensi
ties of the populating (a) and de-populating (b) y -ray 
transitions in the spectra recorded with the Ge(Li) de
tector. 
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Fig. 4. Selected y-ray spectra obtained in the delayed 
y-y -coincidence measurement. (a) and (b) spectra of the 
de-populating transitions with different delay time (time 
gates are given in the insert). (c) and (d) Spectra of the 
populating transitions with different delay time (time gates 
are given in the insert). 
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3. Discussion 

The 159Tm decay scheme based on our experimental 
results is shown in fig. 5. It contains• 12 excited states in 
159Er, ten of which are confirmed by coincidence measu
rements. The levels at 302.8, 307 .4, 467 .9 and 566.5 keV 
were observed for the first time. Spin and parity of all 
the levels are supported by the multipolarities of the 
y -ray transitions. In the decay scheme 30 from the 90 
observed y -ray transitions are involved. 

From the seven 159Er levels proposed by Balanda et 
al. / 3 / in the 159Tm decay the levels at 84, 289, 415 and 
620 keV were not confirmed. 

On the basis of spin measurements Ekstrom and 
Lamm 161 attributed the 5.2 +[ 402]and 3/2- [521] Nilsson 
orbitals to the ground;..states of l59fm and 159 Er, res
pectively. 

The total transition intensities given in column 5 of 
table l were evaluated by assuming no /3 -feeding to the 
159Er ground-state. The sum of the total intensities of 
the ground-state transitions in 159 E~ was set to 100. The 
assumption of no f3 -feeding to the 59Er ground-state 
is reasonable since a log ft value of = 8.0 is expected 
for a hindered fi11st forbidden {3-transition (see ref. ;2 51 ). 
Such a log ft valu~ corresponds to a feeding intensity 
of the 159Er ground-state of 0.2% at Q -value of 3.4± 
± 0.3 MeV. This Q -value was deduced from the endpoint 
energy of the 159 Tm positron spectrum and the assump
tion that most of the positrons feed levels at 300 keV 
excitation energy (see fig; 5). The log ft values given 
in fig. 5 have to be considered only as lower limits mainly 
as a consequence of unplaces y -rays with a total 
intensity of .about 20%. 

The members of the 3/2- [521] ground-state band 
were identified in :1 S~r up to the 9/2- state. This 
result is consistent with the in-beam measurements in 
the reactions150 Sm(12C,3ny) and 122Sn(40Ar,3ny) 
(ref. / 4/ ). 

The levels at 182.6, 271.3 and 302.8 keV are proposed 
to be the members of a strongly perturbed positive parity 
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Fig. 5. The decay scheme of 159 Tm. Energies are given 
in keV, total intensities per 100 decays. Transitions the 
placement of which is supported by coincidences are 
marked by full dots. 
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band with the spins 9/2, 5/2 and 7/2, respectively. The 
I+ 1/2 = odd members from 9/2+ to 45/2+ of this band 
were found for the first time by the Berkeley group / 4 ,5/ ). 

The 9/2 + state decays by an El transition only to the 
7 /2 3/2-[ 521] level. Its half-life was determined to be 
310 ± 30 ns. This value is in good agreement with that 
of ref. / 4/. Arguments supporting our interpretation are 
the log ft values of the f3 -transitions, the spin and 
parity values of these levels and the de-population of the 
levels at 271.3 and 302.8 keV by E2 and M 1 transitions, 
respectively, to the 9/2+ state at 182.6 keV. 

For the energy analysis of the strongly perturbed 
positive parity band a modified description in the frame
work of the nonadiabatic model was used by taking into 
account the residual centrifugal and spin-spin interaction 
between nucleons 126 - 291 . In this description for the cal
culation of the wave function and the level energies only 
two free parameters, the moment of inertia J and the 
gap parameter ~ , are adjusted. In table 3 the level 
energies and wave functions obtained by analysing the 
rotational energies are given. The wave functions show 
a remarkable mixing between the configurations 3/2+[551] 
and 5/2 + [ 642] and parity the 1/2+[ 660] in all states, 
while the contrib11tions of the other configurations remain 
small. The energies 'of this strongly perturbed band can 
be described with the parameter values ~ = 1.06 MeV and 
h2 /2J = 15.6 keV (see table 3). 

The levels at 220.7 and 307.4 keV with spin and parity 
5/2- and 7/2- , respectively, are interpreted as the first 
two members of the 5/2 - [ 523] band. This assignment is 
supported by the log ft values of f3 -transitions, the rota
tional parameter of h2/2J = 12.4 keV and the multipolari
ties of the y -ray transitions de-populating these levels. 
This interpretation is in very good agreement with the 
systematics of the Nilsson states in the neighbouring 
nuclides /3 0 I . 

The spin and· parity values of the 348.5 keV level are 
restricted by the multipolarities of the de-populating 
transitions to be 3/2 + or 5/2+. This level is very pro
bably the 3/2+1[402]+[651]! state. Its low logft value 
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of 5 .4 can then be explained by an allowed unhindered 
f3 -transition between the proton ground-state 5/2+ [ 402] 
of I59Tm and the admixture of the neutron state 3.2+[402] 
in ~e 348.5 keV level. This interpretation a;rees with 
the systematics of the Nilsson states in ref. 130 • 

For the 467.9 keV state confirmed by the strong 
coincidence pair 271.1 - 196.4 keV the spins 3/2, 5/2 or 
7/2 are possible. Positive parity of this level is sugges
ted by the multipolarities of the de-populating transitions. 
The nature of this state is not yet clear. 

The life-time measurements show that the 136.8 keV 
transition populates a 550 ± 150 ns isomeric state. This 
results suggest that the 136.8 keV transition populates 
the 11/2-[505] isomeric state observed in ref. / 4/ with 
a half-life of 600 ± 60 ns. Since the 136.8 keV transition 
is an E 2 · transition, spin and parity of the 566.5 keV 
level are most likely 7/2-. The 566.5 keV level is very 
probably connected with the 7/2-[514] Nilsson orbital. 
The observation of the 11/2-( 505] isomeric state in the 
/3-decay of the 5/2+[402] ground-state of 159 Tm is 

then clear since it is populated by the 136.8 keV transition 
from the 7/2 -[514] state. 

The transition probabilities of the K-forbidden transi
tions de-popul~tlng the 9/2 + and 11/2 - isomers in 159Er 
and 161Er haye been calculated and compared with the 
single particle estimation 1331 . The hindrance factors 
F s.p. = T s.p/ T exp. are l~ted in table 4. It is seen _!hat 
the K -forbidden M 1 (llt2 ➔ 9 /2- ) and E 2 (11/2 ➔ 
➔ 7 /2 - ) transitions in 59 Er are more than one order 

of magnitude faster than those in 161 Er. · 159 
Many high energy transitions in the Tm decay 

(see fig. 2 and table I) indicate a significant of high lying 
states. From the available information, however, their 
establishment on the level scheme is not unambiguous. 

It is a pleasure to thank Professor V.P.Dzhelepov, 
Dr. A.Potempa, Dr. D.Netzband and Dr. L.Funke for their 

· support, M.Jachim for his help in preparing the mass
separated sources and J.Zuber for carrying out some 
conversion electron measurements in the initial state of 
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Table 4 The hindrance tac ton P • P • 'r / T for the • • s.,i+ ~• -tran•iticm• de-populating tb.e 9 ed. 11/2 
i•oaeric lnel• in 16112- [~t•.31 ,32>] and 15~ 

15~ 

'II' 
I~i :SJ' ke'f JllalU-I1l1 

polarity- '••P• 

9/2 (5/2)+ 7/2 3/2~. JS.JO 11 2.0 X 105 

11/2 1112- 7/2 312- 284.2 :12 5o2 X 102 

11/2 1112- 9/2 3/2- 111.s. ll1 3oJ X 105 

-
161Br 

'II' 
I~: I1l1 B J• lce'f llul.ti - P••P• polarit7 

9/2 (5/2)+ 7/2 3/2- 45~54 :11 6.5 X 104 

11/2 1112- 7/2 3/2- 252050 112 2.1 X 104 

11/2 1112- 9/2 3/2- 146.65 ■1 4.4 X 106 

11/2 1112- 9/2(5/2)+ 201.12 :11 4o0 X 109 

11/2 11/2- 11/2(5/2)+ 99.76 11 4.4 JC 108 

11/2 1112- 13/2(5/2)+ 12a.90 :11 7.J X 108 
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