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The ratios of the internal conversion coefficients of 63, 94, 110, 130.5, 177 and 198 kev 
'Y quanta in the L -subshells of Tm169 have been found. From these data, we determine 
the multipolarities of the transitions and, in the case of mixed radiations, the percentages 
of components in the mixture. 

THE gamma spectrum and conversion electron 
spectrum of excited Tm169 , formed by electron 
capture from radioactive Yb169 (half-life 32 days), 
have been studied by many authors .1- 9 The Tm 169 

nucleus is highly deformed, and one sees very 
clearly in its level scheme* (Fig. 1) the rotational 
band with K = ! (the levels at 0, 8.4, 118, and 139 
kev). The lowest level of this band, with spin ! 
and positive parity, is the ground state of Tm169. 
The levels at 316 and 379 kev are associated with 
single-particle excitation of the nucleus, while the 
level at 379 together with the one at 473 kev form 
the rotational band with K = % . Most of the y 
transitions are mixtures of dipole and quadrupole. 
Up to now the composition of the mixtures has not 
been determined sufficiently accurately, and the 
data from different papers differ markedly from 
one another. The most accurate determination 
of the mixture percentages was made in reference 
5. These authors used, in addition to other methods 
for determining the multipolarities, the measure­
ment of the ratio of the conversion coefficients in 
the L -subshells. They made these measurements 
quite accurately for the conversion of the 130.5 
kev line. For the harder y rays at 177 and 198 
kev, they made only an approximate determination 
of the ratio LI: Lm. 

In the present paper we give results of measure­
ments of the ratios of conversion coefficients of y 
quanta with energies 63, 94, 110, 130.5, 177, and 
198 kevin the L -subshells of Tm169. We have 
determined the multipolarities of the transitions, 
and the percentages of the mixture in cases of 
mixed radiation. The measurement of the ratio 
of intensities of conversion lines from the first y 

*This level scheme is taken from reference 4, but the multi­
polarity assignments have been corrected in accordance with 
the results of the present work. 
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FIG. 1. Level scheme of Tm169 • 

ray listed was done on a double-focusing {3 -ray 
spectrometer in which the relative half-width of 
the line was 0 .4% (in momentum ) . The remaining 
measurements were done on a {3 -spectrometer 
constructed in analogy to an optical spectrom­
eter.10•11 It consists of a magnetic deflection sys­
tem (prism) and two magnetic lenses. The source 
was a thin layer of Yb169 placed on a strip of alu-
minum foil. Its dimensions were 5 x 1 mm2• The 
preparation of the source was accomplished as fol­
lows. A tantalum target was irradiated with 680-
Mev protons at the synchrocyclotron of the Joint 
Institute for Nuclear Studies. The rare earths 
produced by spallation reactions were separated 
by the ion exchange method on a sulfostirol cation 
KU -2, using ammonium lactate12 •13 as a complexing 
agent. The principal activity of a particular ele-
ment was concentrated in 1 or 2 drops of the am­
monium lactate solution (concentration 0.2 to 
0.4 M in the lactate) emerging from the column. 
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Even careful evaporation of these drops directly 
onto the source results in some tarring of the la:c­
tate and formation of some residue. If the source 
is prepared on a thin aluminum foil or organic film, 
heating to burn off the residue is not possible. 
Therefore the lactate drops carrying the activity 
were first evaporated onto another backing, and 
then the activity was taken up in a drop of "' 1% 
solution of acetic acid, which was placed on the 
source backing and evaporated. In this way the 
activity was almost completely transferred. 

Using this method, we separated and deposited 
on an aluminum foil the Lu fraction, which con­
tains Lu169 • The latter decays with a period of 
"' 2 days to Yb169 •14 The measurements of the con­
version spectrum of Tm169 were begun about a 
month after the separation of the Lu fraction, so 
that the radioactive lutecium isotopes had had time 
to decay sufficiently and the main activity was that 
of Yb169 • The measurements of the internal con­
version lines of the 130.5-kev line in the L -sub­
shells of Tm 169 were done three months after the 
separation, because the LI conversion line is 
superimposed on a strong line from K -conversion 
of the 181.4 kev y ray accompanying the Lu172 -

Yb172 decay ( Lu 172 half -life is 6. 7 days ) . 
Because the source was quite thick, the resolv­

ing power of the spectrometer cited in reference 
11 (instrumental relative half-width of line 
= 0.04%) could not be reached. It therefore seemed 
reasonable to reduce the resolution of the instru­
ment and thus raise its luminosity. For this pur­
pose we reduced the focal separation of the lenses 
from 120 to 50 em and brought the source and de­
tector correspondingly closer to the lenses. This 
reconstruction of the instrument increased the in­
strumental half-width by a factor of about 2.4, but 
the solid angle increased by a factor of 5 or 6, 
reaching a value of "'0.1% of 47f. The relative 
half-width found in the experiment, resulting from 
slowing down of electrons in the source, was 

FIG. 2. Conversion 
lines of 177 kev radia­
tion in the L-subshells 
of Tm169 • 
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0.12-0.20% (in momentum). In all cases the 
lines were resolved sufficiently well for the later 
graphical separation. To illustrate this, we show 
in Figs. 2 a:nd 3 the conversion lines of the 177 
and 198 kev radiations in the L -subshells of Tm169• 

The ratios of the internal conversion coeffi­
cients and the multipolarities determined from 
them are given in the table. The percentage com­
position of the mixed radiations was determined 

FIG. 3. Conversion 
lines of 198 kev radia­
tion in the L-subshells 
of Tm169 • 
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Multipolarities of y -transitions and ratios of conversion 
coefficients in L -subshells for Tm169 

I Multipolarity of transi-

Energy of tion found from ratio: Average 
transition Lt:Lu:Lut 

I 

value 
in kev L 11(LJ Lut!LJ 

I I 

I 
63 1: (0.4410.01): (O.::JO±O,O:!.) I £1 £1 Ei 
94 1 : (0 .170 .tO .OOG) : (0, 085±0. 005) 9G.2% M1+ 96. 9 1!11 M1 + 96.5% M1 I 

I 

+3.8% £2 +31% £2 +3.5% £2 
110 1: (0.133±0.00:J): (0.053±0.002) 97.5%) M1+ 97 .5';f(, M1+ 97. [>•10 M1+ 

-j-2.5% £2 +2.5% £2 +2.5% £2 
130.5 (0.23±0.01): (1.09±0.03): 1 £2 £2 

I 
£2 

177 1 : (0.24:c0.01) :(0.137:t0.00G) 82% M1+ 82% M1+ 82% MH 
+18% £2 +18% £2 +18% £2 

198 it: (0.135±0.002): (O.OG~hO.OOl) 93'!(, Ml+ DO% M1+ 
I 
~H .5~;~ M1: 

+7'!(, F.:!. +10<}0 £2 +8.5°,;1 £'2 
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independently from the ratios Ln/Lr and Lm/Lr, 
which were compared with the corresponding theo­
retical ratios .15 The average of these two values 
was taken for the final result. 

Our results confirm the level scheme shown in 
Fig. 1. An interesting point is the large admixture 
of E2 to the M1 radiation in the 177 and 198 kev 
transitions. This is apparently caused by K -for­
biddenness of the transition from the 316-kev level 
to the lower levels. 
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