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1. Introduction 

In previous works on tfie level scheme of 
167 

Tm (ref./1- 60 the 

first, four members of the 1/2 +[411] ground state band and the 

two Nilsson states 7/2+[404] and 7/2-(523] were· identified. Both the 

7/2 states were found to have a lifetime of about 1 µs. Paris/5 / pro­

posed three additional levels at 321.7, 1218 and 1412 keV. Only 

. i few information exist for the high-energy range although the decay 

energy 
167 Yb ➔ 167

Tm is 1.96 MeV / 6 /. 

We investigated the levels in the odd Z nucleus 167 Tm in the 

electron capture decay of 18 min 167 Yb as well as by in-beam 
/7/ l 6 5 I 67 

spectroscopy in the reaction Ho (a, 2 n y) Tm • In this paper, 

the results of the 
167 Yb decay will be reported. These results _were 

obtained in a cooperation work of the· spectroscopy groups in ZfK 

Rossendorf and JINR Dubna. The Dubna group has measured - the 

high-energy gamma-ray spectrum and the conversion electron spec­

trum. The low and high-energy gamma-ray spectra as well as prompt 

and . delayed gamma-gamma coincidences have been investigated in 

Rossendorf. 
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2. Experimental Arrangements 

'I'he 
167 

Yb activity was produced in two different ways. 'I'he 

Rossendorf group used the bremsstrahlung of the betatron at the 
• 16B ( 167 

Jena University for the reaction Yb 23"/o) ( y , n ) Yb • 'I'en 

to fifteen irradiations, each of 20 min duration, were made for every 
167" · 

measurement. Besides of Yb , small amounts of the well-known 

activities 
166

' 
169 Yb were produced by the bremsstrahlung irradia-

tion. In Dubna the
167 

Yb activity was chemically separated/6 / from the 

Lu-fraction, the isotopes of which were produced in the 680 MeV 

proton indu~ed spallation reaction on metallic tantalum in the internal 

~earn of the Dubna synchrocyclotron. From each Lu-fraction the Yb -

fraction was. separated 5 times in intervals of 25 minutes (milking 

experiment ). In_ order to obtain enough ~ents, all these five gamma­

ray sp,ectra have been added. 

Because of the short half-life of 
167 

Yb we measured the con­

version electron spectrum in radioactive equiHbrium of 167 Yb V11ith the 

mother activity 167 Lu ( T ½ = 55 min) •. 'I'hese measurements vvere 

performed with the aid of a magnetic beta spectrograph at a resolution·­

of 0.05o/o. 'I'he sources used in these experiments have been made 

by electrolytical deposition on a Pt -wire of .0.1 mm diameterl8t. The 

electrons were recorded on photo plates of type NIKFI-R-50 /L 

The intensities of the lines were measured from peak heights of the 

photometrically determined density lcorrected for radius of orbit and 

film response). 

The gamma-ray spectra were measured with germanium detec­

tors of 6.3,· 7, and 22 cm3• Gamrna-gamma coincidence measurements 

were performed using either two germanium detectors of 7 and 22cm3 

or one germanium detector and one Na J scintillation counter. A 

time-to-amplitude converter in connection with a multi-channel analy­

zer enabled us to select both the prompt and delayed events, with 

time windows of 100 and 800 ns, respectively. The energy selecti-

on in one branch was performed .with the help of an 8 channel spec-

trum' sorter and the prompt and delayed coincidence spectra were 

simultaneously stored in two memories of 8 x 256 channels each. 

4 
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All the gamma-ray . spectra were analyzed with the computer 

programme GAMMA/9/. 

• 3. Measurements and Results 

The conversion electron spectrum was measured with the aid 

of a magnetic spectrograph in the energy range of 10 to 150 keV at 

a resolution of 0.05o/o. In order to give an idea of this instrument, 

we show two typical parts of ihis spectrum in figures la and lb. 

Most of the short-lived conversion lines observed a.re given in tab-
. . . t· "th . 167 L t67Yb d le 1. Some other. lines ong1na 1ng e1 er 1n u or ecay 

have been found. They are listed in table 2. The transition energies 

were determined precisely by a direct comparison of conversion elec­

tron lines with energies of transitions well established by bent-crys­

tal measurements. 
167 -

The low-energy part of the Yb gamma-ray spectrum measu-

red with a 7 cm3 germanium detector is shown in fig. 2. 'I'he fig.3 

shows the high-energy part between 900 and 1700 keV, measured 

with a very strong activity, an l 8 mm Pb + 1. mm Cd + 1 mm Cu ) 

absorber and a 6.3 cm3 germanium detector • No impurity lines are 

jndicated. In the energy region between 200 and 900 keV we found 

a few more weak gamma-ray transitions ( I y ;;; 0.2 in comparison 

to I y ( 17 6. 23)= 100), but the statistic of the experiment was too poor 

for an unambiguous assignment to the 167 Yb decay. In a calibration 
60 5 4 20 7 . 16 7 -

measurement Co I Mn and B1 added to Yb .were used 

to determine the energies of the unknown gamma lines. In order to 

place the observed transitions in the level scheme we performed 

gamma-gamma coincidence measurements in the low and high energy 

range. Besides the prompt coincidences delayed coincidence spectra 

were measured to investigate the gamma excitation and deexcitation 

of the isomeric 7/2 states. Parts of the coincidence measurements 

are given in r' figures 4a. and 4b. A summary of all the obser-

ved coincidence pairs is presented in table 3. From our coincidence 

measurements the branching ratios I total(37.05 kev)/ I total(62.90)= 

5 



All the gamma-ray . spectra were analyzed with the computer 

programme G.ANI.MA/9/. 

3, Measurements and Results 

The conversion electron spectrum was measured with the aid 

of a magnetic spectrograph in the energy range of 10 to 150 keV at 

a resolution of 0.05o/o, In order to give an idea of this instrument, 

we show two typical parts of ihis spectrum in figures la and lb, 

Most of the short-lived conversion lines observed are given in tab­

le 1. Some other. lines originating either in 
167 

Lu or 
167 

Yb decay 

have been found, They are_ listed in table 2, The transition energies 

were determined precisely by a direct comparison of conversion elec­

tron lines with energies of transitions well established by bent-crys -

tal measurements, 

The low-energy part of the 
167 

Yb gamma-ray spectrum measu­

red with a 7 cm3 germanium detector is shown in fig. 2. The fig.3 

shows the high-energy part between 900 and 1700 keV, measured 

with a very strong activity, an ( 8 mm Pb + 1. mm Cd + 1 mm Cu ) 

absorber and a 6.3 cm3 germanium detector , No impurity lines are 

Jndicated, In the energy region between 200 and 900 keV we found 

a few more. weak gamma-ray transitions ( I y ; 0.2 in comparison 

to I y ( 176,23)= 100), but the statistic of the experiment was too poor 

for an unambiguous assignment to the 167 Yb decay. In a calibration 

measurement 
6° Co 

54 
Mn and

207
Bi adde:i to 

167 Yb .were used 

to determine the energies of the unknown gamma lines. In order to 

place the observed transitions in the level scheme we performed 

gamma-gamma coincidence measurements in the low and high energy 

range, Besides the prompt coincidences delayed coincidence spectra 

were measured to investigate the gamma excitation and deexcitation 

of the isomeric 7/2. states, Parts of the coincidence measurements 

are given in r figures 4a and 4b. A summary of all the obser-

ved coincidence pairs is presented in table 3, From our coincidence 

measurements the branching ratios I tota/37,05 kev)/ I tota/6;2.90)= 
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= O.O9 + 0.03, I total (25.83)/ I total (131.99) = O.23 ± O.O7 and 

I Y (116.57)/ I y (106.16)=0.09 ± 0.02 were obtained. Table 1 

shovvs the 

intensities, 

conv~rsion 

energies and the gamma-ray and conversion electron 

normalized, to, I y (176.23 ke\1)=1OO, using the theoretical 

coefficientflO/ a ( 1\11 , 106.16 keV )= 2.2. Total intensity 
. K 

values are given per 1000 decays. 

The decay scheme of rn 7 Yb(EC) 167 Tm basing on our experi­

mental data is shown in fig.5 • Except the states at 187 .5 9 and 

1331.3 keV all the levels are confirmed by coincidences. The 

187 .5 9 keV level was introduced from energy fit and because of 

physical arguments mentioned below. Unfortunately the conversion 

electron lines of the transitions deexciting the 187.59 keV level are 

covered by o_ther lines. Therefore it is difficult or in some cases 

impossible to estimate its intensity values. 

4. Discussion 

In the low-energy region of the scheme shown in fig,5 we 

found besides the known members of the l/2+[411] ground state 

band and the isomeric 7/2 states some rotational excitations of the 

configurations 7/2+[404 ] and 7/2 - [523] and the ·5/2 and 9/2 mem-
~ 

bers of the Nilsson orbital state l/2-l541 J 
167' 

Yb decay are consistent with Ho (a, 2 n y ) 

• These results of the 

reaction data/7 /_ Both 

rotational levels of the 1/2-[541] band are excited by K forbidden 

M1/E2 transitions from the strongly EC excited isomeric level 

7 /2-[523] • Indirect evict ence for the 6. 9 ke V transition is obtained 

from the prompt and delayed coincidence spectra with the KX:-rays. 

If the level at 285. 86 keV would not be excited via the 6. 9 keV 

higher lying isomeric 7 /2-l523J state, but directly in the EC decay, 

the strength of the delayed coincidence peak KX- 143.5 keV (see 

fig. 4a) could not be explained and on the other hand the prompt 

coincidence peak KX - 143.5 keV had to be 4 times larger than 

observed. The transition probability of the K forbidden transitions 

6.9 and 105.20 keV has been determined, using the theoretical con-

6 

version coefficients/lo/ a tot (6.9 ke\/)=3OO, a K (105.20keV) = 2.2 and 

the half-life of the 7/2-[523] state of T½ =-0.9 µ s/4 /. The Weisskopf 
- ~ 2 

retardation factors · F = T / ( y) / T /: (y) . are 
W I 2 ·exp I 2 W 

F ( Ml I 6.9 kev) "" 6• 10
4 

2 fold K forbidden w 
F ( MJ 

w , 105.20kcV)"" 8• 105 2 fold K forbidden 

11t7 
in fairly good agreement with other K forbidden transitions in Tm 

Fw('1I 37.0G keV) ~ 2• 104 
2 fold K forbidden 

F w ( \11 62.90 keV) ~ 4• 104 2 fold K forbidden 

Fw( El 150.40 keV) ~ 5•.10 8 2 fold K forbidden 

l\v (EI , 176.23 keV) ~ 5• 106 
2 fold K forbidden 

Fw ( E2, 169. 04 ke\') ~ 104 
Once K forbidden 

Because of its large dee oupling parameter a "" 4 the 1/2-[541] band 

is really splitted in two sequences 1/2,. 5/2, 9/2, 13/2, 17/2, 21/2, 

25/2 ••• and 3/2, 7/2, 11/2, 1.5/2, 19/2 •••• In the (a,2ny)reaction the 

atithors of the work/7 / found the states 9/2, 13/2, 17/2, 21/2 and 25/2. 

From their energy values we calculated the parameters of the 

rotational formula 

2 2 (I+K) 
E(I,K)=E(0,K)+AI(I+l)+ BI 0+1) +(-1) ((I+K)!/(1-K) !)x 

X ( A 2K + 8 2K J (I + 1 )) 

and obtainec:J.. for the 1 / 2 - [ 541] 
167 

band in Tm 

A = 9.28 keV, A1 = 32.49 keV ( a = 3.5), B =-7.8 eV, B =-185 eV. 
1 

These parameters predict the 5/2 state 97.4 keV below the 9/2 state 

in good agreement with the experimental value of _98.26 keV. The 

1/2 basic level is expected about 10 keV below the 5/2 state, but 

its' excitation is too weak for observation in the decay as well as 

in the la, 2ny J reaction. 

7 
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Above 1 MeV eight levels excited with £og ft values between 

6 and 7 have been found. Except for the level at 1331.3 keV all 

spin values are probably 5/2 or 7/2. From the 5 highest levels tran­

sitions deexcite to the 7/2 Nilsson states as well .as to the 3/2, 5/2 

and 7/2 members of the l/2+[411] band are found. The transition 

to the 5/2 state is in all cases weaker than the transitions to the 

3/2 and 7/2 states. These transitions are very probably K forbidden. 

The Nilsson states 5/2-(532] and 5/2+[413] are expected at energies 

of about 1 MeV. The 5/2 and 7/2 members of these bands should be 

excited byah(L'1N=0) or lu EC transitions (£ogft ""6-7 )1111, respec­

tively. The state at 1216.5 keV cannot be one of these 5/2 states 

because of the absence of the first rotational state 70 - 80 keV hig­

her, Furthermore the gamma branching ratio of the .transitions origi-

nating in the 1216.5 keV level agrees with the theoretical value/12/ 

for dipole transitions and the assumption of spin 7/2 for the 1216,5 

keV state. Possibly · 'this state is the octupole.vibration Q (30) co­

upled to 7/2 + [404] • In order to explain the low fog ft value, an 

admixture of about lOo/o 7 /2 [ 523] single particle configuration should 

be assumed, 

We tentatively assigned the 5/2 Nilsson states mentioned above 

and their first rotational states to the highest levels as shoi."ln in 

fig.5 and table 4 although there is a discrepancy, namely the 1587,3keV 

transition must have the multipolarity M2. Arguments for this inter­

pretation are the £ogft values of the EC transitions, the spin va­

lues of 5/2 or 7/2 and the estimated rotational parameter A ,(5/2- [532))= 

10.0 keV and A (5/2 + [ 413]) = 10,5 keV. The states at 1331.3 and 

1432.3 keV might be described as gamma and beta vibrational states 

basing on the 1/2 +[ 411] and the 7/2-[ 523 ] state, respectively, This 

interpretation is suggested by its excitation and deexcitation mode. 

A comparison of our proposed assignments with the theoretical 

predictions of Soloviev et a1J
13

/ is given in table 4. Unfortunately 

the theoretical values are not given for the nucleus 
161

Tm but only 

for 169 Tm • However the difference in energy values as well as in the 

calculated structure should be small. 

8 
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Because of many unsolved Rroblems we shall carry out further 

experiments, The conversion electron spectrum at higher energies 

will be measured to establish at least spin and parity of the states 

at 1216.5, 1432.3 and 1527.5 keV. ·The energy range .200- 900 keV 

will be investigated more accurately to find the states with 3/2+ o~ 

5/2+ , which can be excited by lh transitions /1 l/ ( fogft "" 8), Le-;­

vels with K 
77 

= 3/2+ are known in other Tm-isotopes near 600 kev(14/ 

It is a pleasure to thank Professor J. Schintlmeister for his 

support and for many helpful suggestions, We acknowledge the valu­

able assistance o:: the betatron staff of the Jena University. . Our 
.thanks are due to the radiochemical group of the JINR Dubna, espe­

cially ,N.A.~ebedev, for the separation of the Lu -fraction from the 
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Table 1 (continued) 

E,, keV 

920~45 + 0~10 
935.5 ± 0,7 b) 

1024.0 + 0,5 
1037,07 + 0,10 
10li-9,9 ± 0.-5 b) 
1068.8 ± O,L} b) 
1110.4 + 0.4 
1139,5 + 0.2 
1143.4 ± 1,5 b) 
1198.9 + 1.2 
1215,2 + 0,5 
1234.65 + 0,.15 
121.J-2,0 + 0,4 
1288,-1 + 0.2 
1305,0- + 0.2 

. 1320,7 + 0,-2 
'1332,3 + 0,.8 

1337,5 ± 1 .. 5 
1342,1 ± 1 .. 5 
1346,3 ± 1,5 
1361,.7 + 0,2 
1369,7 + o .. 4 

. 1385.3 ± 0,3 b) 
1393.4 ❖ 0.Ll-
1li-01,9 + 0,8 
1'Vi1 ,.1 ± 0,3 b) 
1423,3 ± 0,8 b) 
1ll-33,9 + 1,-0 
":·'.!-33, 5 ❖ 0.,2 
1li-55,2 + 0.2 
1l!-G4,6 + 0. 7 
·WG0,9 + 0,7 
1467.0 ± 0,.3 b) 
1498.-5 + 0,6 
1511,5 + 0,ll-

, 1.516.-7 + 0.3 
1537,9 + 1~0 b) 
1548.4 + 1,0 
1570,/} + 0.2 
1587,3 · + 0 .. 2 

. 1619,.4 ± 0.2 b) 
1632.2 + 0.8 
1643,9 ± 0.2 

r,, rel [x10-2J 
61 + 5 

6~9 +. 1 ~2 
8.6 + 1.5 

320 + 20 
22,3 ± 4,. 
7,1 + 1.0 
5 .. 1 + 0,8 

24,5 + 1.5 
1 .. 9 + 1,0 
1.2 + 0,7 
5.9 + 0.8 

89,. ± 4 · 
8,8 + 1,2 

19.4 + 1 ... 5 
16,.4 + 1,0 

6,1 + 0,8 
3,7 + 1 .. 2 
3 .. 1 + 1 .. 5 
3, 3 + 1,5 
2.5 + 1,2 . 
9,3 + 1,.2 
5,5+0 .. 8 
5,4 + 0,7 
4.3 + 0,7 
2,4 + 0 .. 7 
1,7 + 0,.8 
1,6 ± 0,9 
'1.3 ± 0,8 

11.9+1,o 
12,4 + 1,.2 
2,8+ 0.8 
2,0 « 0,.8 
6,.0 + 0,8 
1 .. 7 + 0 ... 7 
7 ... 7 + 1,0 
4.8 + 1 ... 0 
0~7 + 0,4 
0.7 + o.4 

15,1 + 1.0 
14,8 +· 1 .. 0 
6.8 + 0,..6 
1 .. 6 + 0,5 
7~7 ± 0.7 

a) Normaliz'ation value 

b) Hot·shown_in the decay scheme 

c) Indirectly observed transitions. 
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. ~to·:/1000 decay 

'1:35 
0,15 
0,19 
7 .. 1 
0,5 
0.16 
0 .. 11 
0.54 
0,.0li-
0,03 
0,13 
2,0 
0,2 
0,-43 
0,36 
0,14 
o.os 
0.07 
0,07 
0.06 
0,.21 
0 .. 12 
0.12, 
0,1 
0,05 
0,04 
0,04 
0,04 
0,26 
0.27 
0.06 
0.04 
0,13 
0.04 
0.17 
0,.11 
0,02 
0,02 
0,.33 
0.33 
0,.15 
Q.,Oli-
0.17 

\II 

. t, 

1(; .... 
l ,I 
i (~ 

:, 
i 

I• 

Table 2. ::.mergies and Intensities of conversion electron lines, 
which have a half6Life of! 112 i 1h and belong either 
to the decay of 1 7Lu or 107ro. 

E
8

, keV re, rel. a., E i~ev I~, rel. e' -lt. 

28.II 3.8 106.IO 
28.78 I.7 II7.5I 
29.62 I.8 118.44 
32.72 I.I II9. 02 
35.84 I.I 149'.02 
38.97 7.8 160.67 
39.50 11. 170. 71 
39.93· 3.4 173.82 
40.76 7.8 177.49 

- ,£ 40.93 15 194.77 
41.90 6 212.79 
58.98 0.4 217.45 
59.83 0.7 237.26 
62.86 0.4 300.91 
70.87 0.3 331.27 
72.53 2.2 448. '/7 

83.07 0.7 
83.64 0.5 
91.58 0.6 

a) re is given in the saue w.1its as in -cable 1. 
13 

0.2 
I.I 
0.2 
0.2 

a) 



Table 3: Prompt and delayed gamma-gamma coincidences observed 
in the 167Yb decay· 

I) Prompt coincidences 

Et, 1, keV 

80 - 100 
(90.8 keV) 
1po - 130 

(106.2, 132 keV) 
130 - 160 

(143.5 keV) 
116.6 
143.5 
176.2 

E~2 , keV 

(935), (1024), 1050. 

920.5, (1393), 1438, 1455, 1487, 1511. 

no clear coincidences above 132 keV. 

920.5 
106.2, 116.6, 132. 
106.2, 116.6. 

II) Delayed'coinciQences 

Ey1 , keV ., 
(deexcitation) 

Er2, keV 
(excitation) 

a) 

~100 
(106.2, 113.3, 132, 143.5) 

920.5, (935), (1024), 1037, (1050),a) 
1139, 1235, 1288, 1305, 1362. 

. 106. 2, 132 
~180 
(176.2) 
62.9, 106~2, 113.3~ 116.6, 
132, 143.5, 176.2 • 

, 62.9, 106.2, 116.6, 132. 

1037. 
1235, (no 1037) 

Kx-ray 

113.3 

a) No coincidences with the relatively strong lines at 1570.4, 
1587.3, 1619!4 and 1643.9 keV. 
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·\J 

Table 4: Comparison of the proposed 167Tm levels with the 
·prediction of the microscopic theory 

"' KIi 

112+ 
7/2+ 
7/2-
3/2+ 
9/2-
5;2+ 
5/2+ 
3/2+ 
1/2-
3/2-
3;2+ 
7;2+ 
5/2+ 
5/2-

7/2-

experiment · 

E, keV 

0 
179.5 
292.8 

-

....,175 

1331.3 
(1629.7) 
1580.9 
1527.5 

1432.3 

theory a; 

E, keV structure (main component) 

0 1;2+ [411] 96% 
270 7/2+[404] 92 % 
360 7/2-[523] 98 % 
580 3/2+ [411] 83 % 
650 9/2-(514] 98 % 
850 5/2+[402] 87 % 
900 112+ [ 411] + Q(22) 60 % 
950 7/2+ (404] + Q(22) · 64 ~; 

1000 1/2- [541] 80 % 
1050 712- [ 523) + Q22 100 % 
1100 1/2+ r 4111 + Q 85 % · - •22 
1200 3/2+ [411] + Q22 90 ~" 
1250 5/2➔• [413J 62 % 
1300 5/2- [532.J 87 % --

7/2- [52~J + Q(20) b) 

a)These values are given for 169Tm (ref. 13) 

b)The core excitation o+ in 166Er is situated at 1460 keV 14). 
Not given in ref. 13. 
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Fig. la, lb, Parts of the conversion electron spectrum measured 
with a magnetic spectrograph, Spectrum "1" shows the 
short-lived components, spectrum "2" the longer-lived ones 
(measuring time: spectrum "1" - 3h, spectrum "2" - 251)). 
Lines without denotation of the isotope are belonging to 

167 Yb decay, Denotation a) and b) means short-lived or 
long non-identified lines, respectively. 
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Fig,4. a) Selected parts of the prompt and delayed gamma-gamma 
coincidence measurements. 

Low energy part taken with two germanium detectors 
of 7 and 22 cm3 • The figures are denoted by prompt 
or delayed. Not marked lines are from Compton back­
ground coincidences, chance coincidences or from 169 Yb 
decay. 
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