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1. Introduction 

In recent works on the ' Tm level scheme (refs. ' ) 
the 1~ (ground-state (g.s.)) and 2~ (44.64 keV) members 
of the К =1 ground-state band and a two-quasiparticle 
state 1 + , P 7 ' 2 ~ | 5 2 3 l - n S 2~I523I (163.36 keV) were identi
f y ir.2 

The level scheme of Er has been studied by several 
authors Members of the K=0 ground-state band were 
found up to spin 20 (ref. '' ), of the ) -vibrational band 
up to spin 4 (refs. , - ' ' ), of the /(-vibrational band 
up to spin 4 (ref. ' ) and several unidentified high-
lying states (refs. , ~ f l ). 

No detailed investigation of the ' Tm decay has been 
performed previously. The existence of a 9.2 min i f ' " 1m 
activity was reported by Neiman and Ward ' and 
de Boer et al. " . A , f l" lm decay scheme involving the 
0 + ( g . s . ) , A + (126.1 keV) and 1 f (390.3 keV) members 
of the К = 0 ground-state band л and two uniden
tified levels at 853.5 and 926.4 keV in"'"Hr has been 
proposed by de Boer et al. " ! (., 

Spins of I =-1 for the ground-states of "frr, and 
"'"TIT and of I =0 for the I M , Er ground-state were 
measured with an atomic beam technique by Ekstrom 
e t a l . " - " . 

The present investigations were undertaken to study 
the levels in "'"' !rn , "'-'Er and "'"Er by electron capture 
and positron decay spectroscopy with Gc-(Li)and Si(Li) 
detectors and magnetic /i -spectrographs. The singles 
; - ray spectrum, the conversion electron spectrum, the 

positron spectrum, i -;• and /i-y coincidences were 
measured. 
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Preliminary results of the present investigations of 
the decay o f ' 6 2 Yb (refs. '• I 2- 1 :> ), l 6 2 Tm (refs . ' - 1 2 ' ) 
and l f i 0 Tm(refs. 1 4 - 1 6 ' ) have been published previously. 

2. Experimental Details and Results 

2.1. S o u r c e p r o d u c t i o n 

The activities of Yb , Tm and ' Tm were 
produced by the spallation reaction induced by high energy 
protons on a tantalum target. Suspensions of about 
3g Ta 2 0- in 3 ml 0.1 M HNO:j were irradiated for 20 min 
in the external 660 MeV proton beam of the Dubna 
synchrocyclotron with a current of 0.1 цA .Because of the 
high recoil energy of the spallation products about 40% 
of the products a re stabilised in the liquid phase and can 
easily be separated from the target material by filtra
tion * ' '• During 1 minute the r a r e earth spallation 
products were absorbed from the filtrate at a small 
amount of cation exchange resin (10 mg) with a yield 
better than 80%. After washing the resin with O.lMNHjCl 
solution and water tee r a r e earth spallation products were 
separated ty cation exchange chromatography at a 2 о х 
x 60 mm column filled with Aminex A5. By eiution with 
0.08 M a -oxy-iso-butyric acid ( а - НШ) of the value 
pH=4.8 the Yb and Tm fractions appeared after eiution 
of the Lu fraction in a volume of 1-2 drops about 10 min 
after the end of irradiation. The Yb and Trr fractions 
were evaporated until dryness at a platin foil. After 
adding of 0.02 ml of 2.10~ л M«-HIBthe Yb and Tm acti
vities were deposited as hydroxide by electrolysis on 
a 5 mm - tungsten foil. Use of 30 seconds for electro
lysis (75V, 2.5 m A / m m 2 ) gives the yield better than 
80%. By heating the foil up to 500 °C the Ym and Tm hyd
roxide were transformed to Yb and Tm oxide. 

After this chemical process the Yb and Tm isotope 
separations were performed using an electromag
netic mass-separa tor with a pipe-type surface ioni
zation source / l 9 / ! The separation efficiency has been 
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measured to be about 30% for a 5 min separation time. 
All separated samples were collected on aluminized poly
ester tapes. The spot on which the activity was concen
trated was about 1-2 mm across . The distance between 
neighbouring masses was 18 mm. The isotopic admixture 
did not exceed 0.1%. About 20 min after the end of i r rad ia 
tion the measurements of the samples were started. 

The experimental methods for the production of the 
ft -spectrograph sources applied to measure the conver
sion electron spectra have been described elsewhere / 2 n - 2 ! 
and therefore only a summary is given here . A metallic 
tantalum target was irradiated for 30-60 min on the 
internal 680 MeV proton beam (current 2.3/JA ) of the 
Dubna synchrocyclotron. The Yb and Tm activities were 
chemically separated from the other spallation pro
ducts 2 0 and were then deposited by electrolysis on 
a50//m platinum wire- ' 2 1 - ' . The measurements of those 
conversion electron sources were started about 1 hour 
after the end of irradiation. 

2.2. G a m m a - r a y s i n g l e s m e a s u r e m e n t s 

For the measurements of singles >• -ray spectra 
Go ( Li) detectors of volumes 27 and 38cm 'with a system 
resolution for 6 0 Co of 3.5 keV and Ge(Li) detectors 
of volumes 2.4 and 1 c m 3 with a system resolution for 
" C o of 0.6 keV were used. The efficiency and energy 
calibration of the Ge(Li) detectors were performed with 
i - rays from the sources ' ' Mn , '''Co, 6 0 Co , 7 j Sn , 
" " " 4 g , l : i : i B a , '-'-Cs , '32 E u , l " 2

T a , 2 < ' " B i , 2 2 V 'Ra and 
- " A m . 

The high energy range of the у -ray spectra of the 
l f t 2 T m a n d 1 6 0Tni activities was measured using an absorber 
of 3 mm Pb +1 mm Cd + 1 mm Cu. In order to improve 
the statistical accuracy the spectra from up to 10 sources 
were added. The energy values of the high energy 
transitions in the I 6 2 T m decay were determined in a spe
cial calibration experiment by measuring the у - ray 
spectrum of the Tm activity simultaneously with 
source of 5 6 C o , 6 0 Co and 1 1 0 m A g . 
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In order to determine the intensity of the annihilation 
radiation in the decays o f l f , 2 Y b , , 6 2 Tm and 1 6 0 Tm the 
sources were sandwiched between 3 mm thick Copper 
plates. The efficiency for the detection of the annihilation 
radiation was determined with 2 2 Na source measured 
in the same position as the l 6 2 Yb , I 6 2 Tm and ! 6 0 T m 
sources . 

All spectra were stored in several 4096 channel 
memories , recorded on magnetic tape and analysed by 
means of light pen systems and computers ' ' • 

The low energy part of the Yb у- ray spectrum 
measured with the 2.4 cm' 1 Ge(Li ) detector is shown in 
fig. 1. In figs. 2 and 3 the medium and high energy ranges 
of the !r'-Tm and , f , 0Tm у-ray spectra measured by 
means of the 38 c m ' Ge(Li ) detector a re plotted. 

The resul ts of singles у -ray measurements of the 
" , 2 Yb , "' 2Tm and l f , <Tm decay a r e listed in tables 1, 2 
and 3. For the normalization of the v - ray intensities the 
sum of the intensities of electron capture and positron 
decay for each of these nuclides was assumed to be 
100 decays. The intensity of the electron capture branch 
was obtained from the measured KX -ray intensity cor
rected for the contribution of the internal conversion of 
the у -ray transit ions, the fluorescent yield ( «. -
- 0 . 9 3 (ref. 2 * ) and the L and M capture iu, < 
v <M)'f K = 0.17 (ref. 2 i )!-The positron intensity was 

derived from the measured intensity of the annihilation 
radiation (see tables 1, 2 and 3). 

3, 134 and 39 new у - rays were observed in the decays 
of 1 f , 2 Yb , 1 6 2Tm and 1 f ' "Trr, respectively (see tab
les 1, 2 and 3). 

2.3. C o n v e r s i o n e l e c t r o n m e a s u r e m e n t s 

The conversion electron measurements were perfor
med with the aid of magnetic /(-spectrographs with the 
high resolution of 0.05% ref . - 2 3 .Electrons were recor 
ded on photo plates of NIKFI-R-50/i type. The intensities 
of the lines were evaluated from the peak a reas of the 
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Fig. 2. High energy range of Tm v - ray spectrum 
measured by means of the 38 cm Ge(Li) detector with 
the absorber of 3 mm Pb + 1 mm Cd + 1 mmCu.Ths 

l 6 L Tir lines a re indicated by vertical s trokes and partly 
by their energy values given in keV. 
Other lines a re marked by the symbol of their mother 
nuclei. 
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Fig. 3. Ini) - ray spectrum measured with the Щ era 
Ge( I i ) detector. The , 6 0 T m lines a r e indicated by ver
tical strokes and partly by their energy values given 
in keV. Other lines a re marked by the symbol of their 
mother nuclei. 

9 



Tab l e J F,n e r c i e.s .uid i n t e n s i t i e s o( the _* - r a y t r a n s i t i o n s i n t lie 

<ieray ; ° 2 Y b (FT l ' ° 2 T m 

M u l t i 
p o l a r s у 

KX / Tm 1 -u M(> 

4 4 . " 4 м ' . с : л ' Ь ' п и н / 

* 4 . ( 

1 ) 
It) Т. 1 0 + 0 . 0 4 ' 

SJ J . u C i (2A 2) 

b07 . 0 + 0 . 7 2 . 4 * C 7 
<;l •>. S + f i . « i I . S 

ft. I 

1.n" 

i n . r U . i . M I *7< E : 

n.12 (-.17 El 

0 . 0 ? * 0 . 0 - E l 

i l M -subshe l 1 u i u n ot the 4 4 - r ' l keV t r a n s i t i o n were 

4 . П / 1 . 0 / 0 . 7 

AJ 1 m t e n i J i i 

the ( o n v c r 

•4 a r c g i v e n per 1 Of1 i le rsys [ s c f l e n t I . The e r r o r s of 

i e l e c t r o n i n t e n s i t i e s a re nl the o r d e r tif 2 0 1 . 

10 



Table 2 E n e r g i e s and i n t e n s i t i e s of t h e jf-глу t r a n s i t i o n in t h e 
. 162 , , , + ,162.. 

decay Tm( h ) Er 

E „ kev 1 , d ' E . , kev l . d ' 

KI (Er ) 92 +16 1 3 1 o . 4 t 0 . 3 a , b ' S.11.0.S 

1 0 2 . 0 0 + 0 . 0 5 " 17 .3+2 .0 U 2 8 . 1 + 0 . 4 1.0Ч. .1 
227.44 + 0 . 0 7 a , b ' 6 .3+0 .5 1345. B+0.7 0.4+.0. ' 
• 17 .0 +0 .8 « 0 . 3 1 3 5 2 . 0 + 0 . 1 Ь 1 1.0+11.3 

" , b ) ~ 
452 .3 i 0 . 6 0 .2+0 .1 l ; ' 1 .1+0 . 5 0.2 + 0.1 
4 5 6 . 7 + 0 . 6 0 . 2 + 0 . 1 1394.5+ .0 .8 N O . I 

4 6 5 . 0 + 0 . 6 0 . 2 + 0 . 1 

5 П . 0 ' 2 x ( 6 4 + 0 . 9 1 1411 .B+O.4 U . 4 * 
Ы -

5 1 0 . 1 1 0 . 6 0 . 5 + 0 . 2 1 4 2 9 . 7 + 0 . 5 0 . 1 + 0 I 
a , b , с ) "" 

51 (I +0. 3 2.1+0. 

672.. +0.3 ''*"' 0.2+0.5 
79».8 + 0 . 3 а , Ь ' с 1 8.7+0.7 

'. 1460.8+0.1 a» o.2 
) 1470.7+0.4 L.0+0.1 

421.4 +0.7 0.2+0.1 14«6.3+0.6 О. 3+.0.1 
831.0 +0.7 0.2+0.1 1403.3+0. S 0.1+0.1 
541.1 +.0.4 0 .6+0.1 1505.7+0.4 1.8+0.2 
900.4 + 0 . з " , Ь , С ' 11.6+1.0 °""e 1520.7+0.5 0 .8+0.1 

— — 4. b ) — — 
9O0.8 + 0 . 3 0 . 3 + 0 . 1 1 5 3 3 - 6 + O . D o . l + o . l 

9 8 5 . 0 + 0 . 4 1 . 1 + 0 . 1 1 S 3 6 . 7 + 0 . 6 0 . 3 + 0 . 1 

9 9 3 . 4 + 0 . 4 0 . 6 + 0 . 1 I $ 4 o . 6 + O . b 0 . 3 + 0 . 1 
1010.2 +0.5 0 .4+0.1 1556.8+0.7 0 .2+0 .1 
1 0 2 6 . 9 + 0 . 4 1 . 0 + 0 . I 1 5 7 3 . 9 + 0 . 7 0 . 2*_o. 1 

b) " " b 1 
1068.* *_0.4 1.1+0.1 1595.1+0.5 0 .4*0 .1 
1095 . S + 0 . 5 0 . 4 + 0 . 1 1 6 1 6 . 2 + 0 . 6 ( I . l + o . l 

1 0 9 0 . 9 + 0 . 4 1 . 2 + 0 . 2 1 6 2 Л О + 0 . 5 0 .6+ .0 .1 

1117 .9 + 0 . 6 0 . 2 + 0 . 1 1 6 4 7 . 7 + 0 . 5 0 . 1 + u . 1 

1 1 5 5 . 1 + 0 . 6 0 . 2 + 0 . 1 Ю 6 6 . 7 + 0 . 6 n . 2 +_<!. 1 

1170.0 1.0.4 1.0+0.1 1690.1+0.7 0 .2+0.1 
H S 5 . 1 +0.6 0 .2+0.1 1695.8+0.5 0 .7+0.1 
1193.2 +0.6 0 .2+0.1 17 54.2+0.5 0 .9+0 .1 
1221.4 JO.5 0 .5+0.1 1759.2+0.~ 0 .2+0 .1 
1250.1 + 0 . 3 3 ' 4.5+.0.5 1763.2+0.8 0 .2+0.1 
12 54.5 +0.4 1.8+0.2 1806.0+0.8 0 .2+0 .1 
1293.2 +0.5 0 .5+0 .1 1814.3+0-6 0 .3+0 .1 
1310.3 + C 5 0 .4+0.1 1828. 3+0. 5 0 .6+0 .1 
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( c o n t i n u e d ) 

•о 

l t n a - 3 + 0 . 0 

1 3 4 7 . 7 + 0 . 3 

1 3 5 2 . 2 + 0 . 3 

I X 6 4 . 1 + 0 . 6 

1 S 7 4 . 5 + 0 . 3 

1 9 1 4 . 6 + 0 

1 0 2 4 . 1 + 0 . 5 

1 Q 3 1 . 3 + 0 , . 5 

1 4 J S . 5 + 0 , . ! • 

1 0 5 9 . 1 + 0 . . 5 

10(1.4, . 3 + 0 . . 7 

1 4 7 4 . . 4 + 0 . 5 

2 0 0 0 . . 4 + 0 . 7 

2 0 1 1 . , 3 + 0 . л 

2 0 1 5 . 0 + 0 . 5 
2 0 1 1 . 0 + 0 . 9 

2 П З О . . 3 + 0 . 0 

2 0 6 1 . . 3 + 0 . 1 

2 0 3 6 . 9 + 0 . 0 

2 0 9 0 . 0 + 0 . 3 

2 0 0 7 . 3+o. 3 

2 1 0 3 . 6+0 . 7 

2 1 2 1 . 5+0. 1) 

2 1 4 0 . o+n. 5 

2 1 5 7 . 0 + 0 . 7 

2 1 7 5 . 4 ^ 0 . -
2 1 9 2 . 1+n. <• 
2 2 1 0 . 0+0. 5 

2 2 5 ! . 5J_o. 5 

2 2 5 0 . 0 - 0 . з 

2 2 5 3 . - + n . 7 

2 ! 1 0 . 51-0. • 

2 ; : ; . n-t 1 . 0 

0.3+0.1 

0.2+0.1 

0.2+0.1 

0.7+0.1 

0.3+0.1 

О.6+0.1 

О.Ь+O.I 

0. 7+0.1 

0.2+0.1 

0.6+0.1 

0.2+0.1 

1. 4+.0. 2 

О. 3+.0. 1 

О . 2 + 0 . I 

1.3+0-2 
« 0.1 

в» О. 1 

0 . 2 + 0 . 1 

Л» О. 1 

0.2+0.1 

0.2+0.1 

О.4+0.1 

О.5+0.1 

1.1+0.2 

0.4+0.1 

0.2+0.1 

0.3+0.1 

0.0+0.1 

0.9+0.1 

0.2+0.1 

п. 1+0. 1 

о.2+0.1 

ft о. 1 

23 5».0+1.О 
2371.1+0.7 
2394.0+1.0 
2396.0+1.0 
2450.2+0.7 
2464.9+0.7 
244 1.1+0.9 
2137.5+O.S 
2503-4+0.в 
2514.4+0.« 
2526.3+0.Я 
2543.0+0.0 
2561.0+0.9 
2579. 3+0. !i 
2604.0+0.7 

2615.7;Н>.3 
2699.М+0.9 
2 712.7+0.7 
2737.4+0.9 
2814.0+0.9 
2907.0+1.0 
7949.5+0.9 
2960.0+0.в 
3077.5+0.7 
3166.2+0.6 
3130.4+0.7 
3191-4+0.7 
3196.2+0.9 
3247.4+0.6 
3202.4+0.Й 
129".4+0.5 
.133.1.3+0.9 

3390.3+0.7 

« О. 1 
Я 0.2 

0.4+О -
0.2+0.1 
0.2+0.1 
0.3+.0.1 
0.2+0.1 
0.2;0.1 
0.2+0.1 

К 0.2 
0.2+0.1 
0.2+0.1 
О.2+0.1 
0.2+0.1 
0.2+0.1 
О.2+0.1 

•- О. I 
0.2+0.1 

Ж 0.1 
Л 0. 1 
* 0.1 
К 0.1 

0.2+0.1 
0.2+0.1 
О.3+0.1 
0.2+0.1 
0.3+0.1 

К 0.1 
О. 3+.0.1 
0.2HJ.1 
0.7^0. 1 

Ж 0.1 
0.4+0.1 
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Table I ( c o n t i n u e d ) 

r.r x*v ' i - ' V k e v V" 
.400. чн).ь n .3+0 .1 3535.9+0.» 0 . ^ + 0 . 1 
1 4 1 7 . 5 + 0 . 7 П.3+0.1 3575-7+0.6 0 . 4 + 0 . 1 
j 4 1 6 . 2 + 0 , i3 0 .2+0 .1 3 5ВЯ.V+0.9 № 0 . 1 

J 4 J S - 2 + O . S 
H I 7 . * + 0 , Q 

0 . 2 + 0 . 1 
Я 0 . Г 

3747.0+0.9 W 0 . 1 

. - r p y t r a n s i t i o n s o h s r r v e i i in r e f , 
P'aced in the decay scheme. 
Double l i n e n a s concluded Iron, t h e *-y cninci i ler i re measurements 
These J i n e s were twice ptnced in I lie .iecay schene as a t o i i s e -
quence <,f / _ / co inc idence . ; . 
Intensities are Given per 100 decays (see text). 
Values derived from the --. coincidence measurements. 

/ в 
AnnjUi 1 at inn radiation. 

photometrically determined density (corrected for radius 
and film response). All resul ts from the conversion elect
ron measurements in the decays of f> Yb (

 l f ' 2 Tm and 
''"'I'm are given in tables 1, 4 and 5, respectively. The 

multipolarities of the у - ray transit ions a re deduced 
from a comparison of К -conversion coefficients, K'L| 
ratios and I . - and M -subshell rat ios with theoretical 
values of conversion coefficients computed by Hager 
and Seltzer i(' . 

2.4 G a m m a - g a m m a c o i n c i d e n c e 
m e a s u r e m e n t s 

In order to place the observed у - ray transition in the 
level schemes y-y coincidence measurements were per
formed with two Ge(Li) detectors of volumes of 22 and 
25 c m 3 with system resolutions of 5 keV for f > 0 Co. The 
resolving time of the coincidence system was about 170 ns. 
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Table 3 Energies and intensities of the «-ray transitions in 
the decay 16<>Ти (ft+) 1 6 o E r 

E r k e V ' / ^ E . , keV 4di 

KX (Er ) 88 +9 1102. 7+1 . 2 Ь O.61P.3 
12 5 . 7 + 0 . 1 a ) 34 .7+5 .0 1 1 5 1 . 8 + 0 . f b ) 1.1+0.3 
264 .O+0.1* 9 .4+1.2 1249.1+0.6 2 .8+0.4 

( 3 8 9 . o + o . S ) b ' 0 . 7 + 0 . 3 1264.1+0.8 1 .3+0.3 
i l l . 0 ? > 2«(15 12) 1269.7+0.7 3.010 3 
520.2+0.» 0 . 510.2 1340.5+1.0 0 .5+0 .2 
527.0+0.H 0 . 8 + 0 . 3 13H?.5+0. 5 8 .6+0.7 
548.4+0.» 0 . 6 + 0 3 1394.7+0.6 3 .610 .4 
597 . I+0 .6 1.7+0.3 1409. 4 Ц . 0 0 .71O.3 
617 .5+0 .6 1.6+0.3 I 4 6 0 . 6 1 0 . 6 4 .З+0 .5 
6 3 6 . 4 + p . B b ) 0 . S 1 0 . 3 1526.410.6 3 .810 .4 
640.1+0.7 1.6+0.3 1536.6+0.» 1.1+0.2 
665.0+0.1) 0.B+0.3 1586.910.7 1.010. 2 
681 .7+0 .7 
7 2 8 . 5 1 0 . 5 * ' 

0 . 7 + 0 . 3 
12 .8+1.2 

1768.5+0.8 
~ b) 1801 .111 .0 

0 .»10 . 2 
0.&10.2 

767.8+0.6 2 .9+0 .3 1862.610. 9 Ь ) 0 . » 1 0 . 2 
707.7+0.6 2 .7+0.4 1894.4+1.1 0 . 9 + 0 . 3 
654 .4+0 .5 8 .1+0.7 20613. 51<1. Э l . l + O . 1 
S 6 I . 4 + O . 5 * ' 
b82 .0+0 .6 
98 5. 5+.0.7 

7 .0+0.6 
2 .2+0 .3 
0 . 9 + 0 . 3 

2123.410.» 
2202.210 .7 
2 2 1 4 . 1 + 0 . Э Ь > 

1.110. 1 
1.9+0.3 
1 . J + 0 . ! 

1000.2+0.В 
1007.7+0.6 

0 . 7 + 0 . J 
2. 510. 3 

b ) 240J .0+0 .9 
2 9 2 4 . 3 l l . O b l 

0 . 7 1 0 . 3 
0.&10.3 

-ray transitions observeil in ref. 
b) / Not placed in the decay scheme. 

Annihilation radiation. 
Intensities are given per 100 decays (see text 1. 
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Table 4 The results of the conversion electron measurenents of 
the .-raj transitions in the decay Tra(A ) Er 

Multipolanty 

102.П0 17.3 1Й.0 ' E2 
227.44 6.3 0.' 

2. 1 
fo.4 C) ( E 2 1 d ) 

< £ 0.02 
(l.7 C) (E1.F.21 

f4.5 C) ( E 2 ) d ) 

[l.7 1 ( E l ) r | 

fo.-,rl (E2l"' 

t 
(H1] C ) 

,d) 

1- SO. L 4 . S f 0 .0 (1 S 

M l " . 4 S. 1 p . n . o l 

M S 2 . 0 j . O & O . n n s 

1 4 0 ] . 0 2 . - < 0 . 0 П 5 

Norm л J i г я t t on л л I u«*s , 

n o u b l t - l i n e s . 1 S c o n c l u d e d Гг 
J J 

V a l u e s d r r i v f l I r n m t h e _ - T t <n n r n l p i i i с mr a s u r r m p i i L s , 

H u l l i p o l a n l i o s - i s sumed f r n n t h e р1л< r m r n t of t h e s e c o m p o n e n t s 

of t h e d o u b l e J i п е ч i n t h e d e r л у s r h e r a e w e r e u s e d ! n r t h e г л 11 и 1 я 

t i o n o f t h e rm»l t i p o l я п t i e s s i c n e d b y t h e symbn J 

A l l i n t e n s i t i e s л г е c i v e n p e r 1(Ю d e c a y s i s e e t e x t ) , The e r r o r s of 

t h e c o n v e r s i o n e l e c t r o n i n t e n s i t i e s a r e o l t h e n r r i e r of 2 0 ' . 

E x p e r i m e n t л 1 L - s u h s h e l 1 r . i t I O S o t t h e ] П2 . n o a n d 2 2 7 . 4 4 keV t r . i n s i -

1 .4 , <\A O . N Л П ( 1 

L ''1 ' ) = ( 1 . П О / 0 . 1 1 / 0 . 1 , r e s p e c t i v e l v . 
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Table 5 The results of the conversion electron measurements of the 
,-ray transitions In the decay Tmlfl I l.r 

E,, keV Г, I I 1 I Multi-
' ' T II 1IT polarity 

a ) a 1 
l:S.7 14.7 21 2 10 о Е2 
21-4.0 0.4 О.? n. I 0.11 0.10 E : 
••-T4.4 4.1 0.04 E2 
* M . 4 7.0 0.0' F.2 

Normalisation values. 
U l intensities are given per 100 decays I see text! Thr errors of 
the <on\orsinn electron intensities are of the order of 20^, 

Several digital windows were placed on the photopeaks 
and on the continuous background slightly above these 
peaks in order to correct the contribution of coincidence 
with the continuous distribution under the photopeaks. The 
coincidence spectra were simultaneously stored in 
a memory of maximum 24576 channels (for further details 
see ref. 2 1 ' ). Usually, measurements of 10 sources were 
added. All the results from the y-y coincidence measure
ments in the decays of l r , 2 Tm and l 6 0 Tm are summarized 
in tables 6 and 7. The coincidence data indicate that the 
peaks at 571.0, 672.2, 798.8 and 900.4 keV observed in the 
1 6 2 In decay a re double lines. The intensities of their 
components were evaluated on the basis of the coincidence 
measurement resul ts . 

2.5. Be t a - g a m m a c o i n c i d e n c e 
m e a s u r e m e n t s 

F'or the determination of the decay energies of Im 
and Tm measurements of the positron spectra in 
coincidence with У - r ays , de-populating well established 
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low energy levels in the daughter nucleus, were per
formed ••22,'. д coincidence system consisting of a 
( ^4x4) cm 3 NaI (Tl )y- ray detector with system reso
lution of 9% for I 3 7 C s and Si(Li) ft -detectorof 100 m m 2 

surface and 15 mm thickness with system resolution of 
8 keV for the 975.6 keV electron line of 2 0 7 B i was used 
for the ft- у coincidence measurements . The resolving 
time of the coincidence system was 50 ns. The positron 
radiation feeding the 2 + states of the ground-state 
rotational band in l 5 2 E r and I 6 0 E r was measured in 
coincidence with the 102.00 and 125.7 keV transitions 
de-populating these s ta tes , respectively. For the cor 
rection of the contribution of coincidences with the 
continuous distribution under the peaks digital windows 
were also placed slightly above the peaks of these 2 + -> 0 + 

transitions. The coincidence spectra were simultaneously 
stored in two memories of 4096 channels. The energy 
calibration of the ft -detector_ was performed with the 
conversion electron lines of 2 0 < B i and the ft - transit ions 
of m P r and 1 0 6 R h . The / ^ - s p e c t r a corrected in the 
back-scattering effect of the detector with the aid of the 
ft -transition of , 3 8 Pr were analysed by Fermi-Cur ie 
Plots (for further details see ret/22-' ). The endpoint 
energies of the positron spectra measured in coincidence 
with the 102.00 keV l f , 2 Tm у - r ays and the 125.7 keV 
1 6 0 Tm )' - rays were determined to be 3500 * 300 keV, 
3700 ±500 keV, respectively. 

3. Discussion 

3.1. T h e Yb d e c a y s c h e m e 

The yb decay scheme proposed in refs. ' is 
confirmed by the results of the present investigations 
(see fig. 4). The intensities of the population of the 
163.36 keV level and the ground state by electron capture 
and positron decay were evaluated to be 77% and 22%, 
respectively. These values a re in good agreement with the 
limit values of > 60% and < 40% derived by Goudsmit 
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]Yb 9 ;> (T 1 / 2 = 19.0min ) 

Q n »*2 .2 MeV 

u 

' 

163 36 77 

I« 

44 64 < 0 3 >7 4 

0 22 5.7 
E, keV £>n*% log ft 

I S 2 T m 

6 9 Т Г Т 1 9 3 

Fig. 4. The decay scheme of ~Yb. Energies a re given 
in keV, total intensities per 100 decays. 

et al. "l' only from the KX -ray intensity in the " l2Yb 
decay for the population of the 163.36 keV level and the 
ground-state, respectively. From the measured intensity 
of the annihilation radiation an upper limit of 2% was 
obtained for the tf+-radiation in the l('2 Yb decay. Using 
these values a lower limit of 36 was evaluated for the 
К -capture to positron ratio for the population of the 
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163.36 keV level. This K//3 + ratio corresponds to an 
upper limit of the positron energy of about 950 keV for 
the allowed unhindered ji -transition observed in 
refs . / l , 2 / to the 163.36 keV two-quasiparticle state 
1 + , p 7/2" [5231- n5/2" [523] which de-excite by two 
strong El transitions to the 1 and 2~ member of 
the К = 1 ground-state band. Thus the Q -value of 

1 6 2 Yb was derived to be <: 2.2 MeV and limits 
for the log ft values given in fig. 4 can be calculated. 
This upper limit for the Q -value of l 6 2 Yb is in agree
ment with the calculated l 6 2 Yb Q-value < 2 7 of 2.3 MeV 
used in ref. / 2 \ 

3.2. T h e ' Tm d e c a y s c h e m e 
162 _ 

The Tir decay scheme based on our experimental 
results is shown in fig. 5. The level energies given 
in the present study are more precise than those in 
previous works (refs. ' , , t - f > ). For the calculation of 
the log fi values in fig. 5 a Q-value of 4.6 t 0.3 MeV 
deduced from our ft- у coincidence measurements was 
used. This Q -value confirmed recently by Beetz et 
al. '2H is in good agreement with the proposed Q -value 
of 4.8 MeV in ref. '' and the calculated Q-value 
of 4.7 MeV in ref. "1" ' • 

For the log ft values in fig. 5 only lower limits a re 
given mainly as a consequence of intensive unplaced 
)• - rays with a total intensity of about 30%. The log ft 
values of the (1 - transitions to the 0 + and 2 ' mem
bers of the ground-state rotational band in ' , 2Er (see 
fig. 5) confirme for the f , 2 Tm ground-state the 1~ cha
racter obtained from the measured spin 1 = 1 (refs. 4 ' " 1 ) 
a n d t h e " ' 2 Y b decay studies ' , 2 " 

New levels at 1352.0, 1505.6 and 1572.7 keV were 
found in l f i 2 Er in addition to the 0 + , 2 + and 4 + mem
bers of the К =0 ground-state band, the 2 + , 3 + and 
4 + members of the у -vibrational band, the 0 + and 
21" members of the p -vibrational band and two levels 
at 1420.3 and 1595.3 keV. Other Er levels observed 
previously in the '" Tir. decay a ' 6 ' were not confirmed. 
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'йТ'ПвГСи-ЭТЛ»») 

Fig. 5. The decay scheme of Tm. Energies a re given 
in keV, total intensities per 100 decays. Transitions the 
placement of which is strongly (weakly) supported by 
coincidences a re marked by full (open) dots. 
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The Kl17 =H _ charac te r for the 1352.0 keV state was 
deduced from the El multipolarity of the strong ; - ray 
transitions to the first two members of the ground-state 
rotational band. 

Spin and parity of the 1420.3 keV state were not known 
preciously. For this state a K l r = 00+ assignment was 
derived from the E2 multipolarity of the 1318.4 keV 
transition to the 2 + member of the ground-state band 
and from the fact that а у - ray transition to the ground-
state itself was not observed. 

The de-population mode of the 1505.6 keV level and the 
probable El multipolarity of the 1403.9 keV transition 
de-populating this level to the 2 + member of the ground-
state band suggest the 1505.6 keV state to have а И " =11" 
character . 

The level at i572.7 keV might be from its y-de-popu
lation a KF = 22 state, although its interpretation as 
being the first excited rotational state of the 1505.6 keV 
state cannot be excluded. 

The 1~ character of the 1595.3 keV state was tentati
vely proposed by Tjom and Elbek ' 4 . It is in agreement 
with the >'-de-population of this state. 

Many high energy transitions in the Tm decay (see 
fig. 2 and table 2) indicate a significant feeding of high-
lying s ta tes . But from the available information their 
establishment on the level scheme is not unambiguous. 

3.3. T h e Tm d e c a y s c h e m e 

The ' Tm decay scheme constructed from the results 
of the present investigations is shown in fig. 6. The 
calculation of the log ft values is based on a Q -value 
of 4.9 t 0.5 MeV obtaind in /3- у -coincidence measure
ments. In addition to '.'.^ l 6 0 Tm ground-state spin 1 = 1 
measured by Ekstrom et al. "*•' a 1~ character for the 
ground-state of I 6 0 Tm can be deduced from the log ft 
values of the fi - transit ions to the 04" and 2 + members 
of the К = 0 ground-state band (see fig. 6). 
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? S * 3 J ' Z *.-*=• __ 

!5i»rt! 

K i 

wt и i> 

E.h* Of t. \щ «t 

. I Ml • Fig. 6. The decay scheme of"" Tm. Energies a re given 
in keV, total intensities per 100 decays. Transitions the 
placement of which is strongly (weakly) supported by 
coincidences a re marked by full (open) dots. 

22 



Gamma-gamma coincidence» obnerved in the decay 

gated lines coincident lines 
со!nc.. F.r, keV 

» n m l .11 I .in 

Snrma l i M t K i 

2 2 7 . 4 4 (1ИО 

6 7 2 . 2 ( 1 0 0 ) Ь 

4 0 0 . 4 ( 1 3 0 ) , 1 O 2 6 . 0 ( J O ) , 

1 2 5 0 . 1 ( 1 2 0 ) , 1 3 1 » , 4 f l o p ) , 

1 4 0 3 . » ( 8 0 ) 

2 2 " , 4 4 ( ? l , n ( 2 0 ) , 6 - 2 . 2 ( l O t i l 1 ' ) , 

70->.* ( 4 0 ) 

' • " : . 2 2 2 7 . 44 (45 ) , . '4 - . ч t l^» 1 ' ' ) , 

n n o . 4 ( 1 2 7 1 

-.,-.- .127.44 1 ' 0 1 , 51 1 . n * 1 , 

0 7 2 . 2 ( 1 0 О ) Ь ) 

l ' l " . J i l l . " * ' , m . n ( s o l , 

••72.2 ( l n o > b l 

Except the 0* , 2 ' and 4* members of the ground-
state band and the two levels at 854.3 and 987.0 keV 
reported by de Boer et al. " 12 new levels in "'" Er 
were observed. Spin and parity assignments of the levels 
at 854.3 keV (2 f ) and 987.0 keV ( 3 + ) a re based on 
our conversion electron measurements and the de-popu
lation mode. Using the log ft values and the de-population 
modes spin and parity assignments of the other levels a re 
tentatively given in fig. 6. The existence of the levels at 
389.7, 854.3, 893.5, 987.0, 1007.6, (1395.4), 1494,2, 1586.5, 
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;-1<1спсеч onserveii LII t he decay Tmffi ) F.r 

Cated 1 in* co inc iden t l i n e s 

2 ti 4 . 0 ( Q -. ) SI 1.0 ' ) , 

- : - . ; u n m b i - c .7 .« r i ; i 

•4> 1.4 < n n l - - 2 . ( 1 ( 1 7 1 , 

i : t j ' i . 7 ' 3d i i i » - . ; r n - 1 

i 4 ' J O . I- < ; - ; i ; : • .i r u i 

• 1 ~ . 4 M (1(1 ) 

and 1652.1 keV is deduced from the coincidence measure
ments (see table 7). The other levels in fig. G are based 
on energy sum relations. 

The s tates at 854.3 and 987.0 keV a re interpreted as 
the first two members of the у -vibrational band. Argu
ments supporting this interpretation a re the '°gfr values, 
the rotational parameter , the de-population mode and the 
E2 multipolarity of the 854.4 and 861.4 keV transi ' ions. 

From the log fc values, the rotational parameter and the 
de-population mode the levels at 893.5 and 1007.6 keV could 
tentatively be explained as being the 0 + a n d 2 + members 
of the ft -vibrational band. .... 

The level energies of the ft- and > - bands in lir 
a re in good agreement with the energy level systematics 
of the low energy states in the even fr nuclei 
in fig. 7. 

3 . 4 - 6 , 2 9 - 3 4 
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Fig. 7. Energy level systematics on the low energy states in the even Er nuclei. 



Recently a Tir decay scheme has been published in 
a short report by Beetz et a l . - ' 3 5 ' In general their results 
agree quite well with our published also p r e v i o u s l y ' 1 4 - 1 6 ' 
The l f , 0 Tm Q-value was not measured by Beetz et al. Я 5 / . 
Our proposed level scheme of l f , 0 E r appears to be more 
complete. 
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Dr. D.Netzband and Dr. L.Funke for their support. The 
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