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A prism spectrometer was employed to investigate a number of the more intense lines in the
conversion spectrum of neutron-deficient lutetium isotopes. The relative intensities and en-
ergies of the lines were determined, and the multiplicities of the corresponding y transitions
were derived from the relation between the L -subshell intensities.

SOME of the more intense lines in the conversion
spectrum of neutron-deficient isotopes of lutetium
were investigated. The measurements were made
with a prism spectrometer having a transmission
~ 0.1% and an instrument half width ~ 0.1%.12 It
must be noted that the widths of the conversion
lines were greater than the instrument width, owing
to the finite source thickness.

Two sources were used, comprising isotopes of
the lutetium fraction separated from a tantalum
target bombarded by fast protons (660 Mev). The
first source was used to measure the energies and
intensities of the 66, 70, and 75.85-kev conversion
line in the spectrum of Lu!™ (Ty/, ~ 8 days), and
of the 78.70- and 90.55-kev lines in the spectrum
of Lu!™ (T, ~ 6.7 days). The second source was
used to determine the relative intensities of the vy
84.19-kev L lines in the spectrum of Lul™ (T1/2
~ 2 days), ofthe y 87.30-kev L lines in the spec-
trum of Lu'® (T, ~ 2 days), and also the rela-
tive intensities of the y 181.4-kev L lines in the
spectrum of Lul® treference 3). The second
source was considerably thicker than the first,
and consequently the conversion lines were greatly
smeared and hence difficult to separate. The data
obtained with this source are consequently merely
tentative.

The line energy was measured by the bias
method.* By using a constant magnetic field in
the spectrometer and varying the voltage applied
between the source and the case of the spectrom-
eter, it is possible to plot small portions of the
spectrum. This method can be used to determine
with great accuracy the energy distance between
the conversion lines, and by measuring the energy
distance between a line of known energy and the
investigated line it is possible to determine accu-
rately the energy of the latter. In our case the

measurement of the energy of the conversion lines
was facilitated by the fact that the lutetium fraction
contained Yb'®® of which the spectrum has been
thoroughly investigated and the energies of the y
transitions measured by the crystal-diffraction
method.%+18

The reference line employed was Ky (109.78
+ 0.02) kev. The binding energy of Tm on the K
shell [EK = (59.40 £ 0.01) kev] was calculated
from the data of reference 6. The binding ener-
gies on the L subshells were taken from the tables
(see reference 7). The bias method was used to
measure directly, in volts, the energy distance
from the reference line to the investigated line,
and to calculate the energy of the y transition
from the values of the electron binding energies
in the atom. The distance between the conversion
lines was determined accurate to several volts.

Table I lists the values obtained for the ener-
gies of the conversion lines and the calculated
transition energies. The energy of the 130.52
+ 0.03 and 93.60 + 0.03 kev vy transitions in the
spectrum of Yb!® calculated in this manner, co-
incide with the values of the energy obtained with
a curved-crystal spectrometer:® 130.53 + 0.03

TABLE I
Line Identification and y-transi-
energy, tion energy, kev

kev
50.38+0.02 Ky (109.7810.02)*%“Tm
56.75+0.02 Lyt (66.74£0.02) 1nYb
66.94+0.03 Ly (75.89£0.03) in Yb
69.79+0.03 Lyppy (78.74+0.03) in Yb
71.12+0.03 Ky  (130.52%0.03) inTm
81.71£0.03 | Ly;u7 (90.66£0.03) in Yb
83.50+0.03 Ly (93.62+0.03) inTm

*The energy of this transition is
taken from reference 5.
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and 93.60 + 0.04 kev respectively.

The diagram shows the conversion lines of the
spectrum of the neutron-deficient isotopes of Lu,
obtained with the first source (the instrument
spectrum, without correction for Hp and for decay).
The spectrum was plotted by bias, in sections 4 —6
kev wide, over approximately 12 days.

The ratio of the intensities of the conversion
lines for the transitions from the L subshells
make it possible to establish the multipolarity of
the transitions with a great degree of certainty.

Table II lists the ratios of the intensities of the
L -conversion lines of the 66.74- and 75.89-kev
transitions in the spectrum of Lu!™. Both transi-
tions occur between levels of the main rotational
band of Yb!™, The spin of the ground state of
Yb!™ is one-half.® The sequence of the levels
was unambiguously established in reference 9.
The 66.74-kev transition is mixed (68% M1 + 32%
E2). The Sliv and Band tables!® were used to cal-
sulate the E2 admixture, both from the Lyj/Lj
ratio and from the Lyjy/Lj ratio, accurate to +2%
(this includes the errors connected with the inac-

cients). The 75.89-kev transition is of the E2
type. The intensity ratio on the L subshells ex-
cludes with great certainty all transitions with the
exception of E2 and E3. The measured Lj/Lyy
ratio indicates that the transition is of the E2
type. The multipolarity of this transition was de-
termined as E2 in reference 11, and as E3 in
references 12 and 13.

The intensity ratio on the Mj, My, and My
subshells is close to the ratio on the L, Ly, and
Lii1 subshells. For the 66.74-kev vy transition,
My:Mjy1: My1 = 1:1.29:1.55, while for the 75.89-
kev vy transition My + Myr: My1: M1y + My
=0.89:1:0.06. It is interesting to compare the
ratio of the intensities of the M lines of the
75.89-kev vy transition with the calculated ratios
of the coefficients of internal conversion on the M
subshells, given in reference 14. The calculated
ratios are My + Mjyr: Myr: My + My =
0.96:1:0.032 and 1.08:1:0.113 for the E2 and
E3 transitions respectively.

Table III lists the ratio of the intensities of the
conversion lines from the L subshells for three

curacy in the calculated internal-conversion coeffi- transitions in the spectrum of Lul!’, The 78.74-
TABLE II
Ly:Lyp: L L:M
Ey. kev | Experi-
Experiment Theory, fromE2 | Theory, from E3 ment
66,74 1:(2.00%0,04) : (2.02+0.02) 1:25.5:27.9 [ — 2.8
75.89 | (0.050+0,003) : (0.97+0.01): 1| 0.053:0.95:1 | 0.018:1.04:1 3.1
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TABLE III
Ly:Lyp: L
€, kev
Experiment Theory, from E2 Theory, from M1
78.74 (0.09+0.02) : (0,97%0,04) : 1 0.06 :0.96:1
90.66 (0.28+0.01) : (1.11x0.03 0.09:1.01:1 1:0.091:0.013
181.4 0.52:1.27:1 0.57:1.32:1 —

and 181.4-kev transitions are E2, and represent
the transitions of the principal rotation band of
the even-even nucleus Yb!™2., The Ly line of the
78.74-kev transition is somewhat too high, owing
to the presence of the long-lived Lul'™ in the
source. The 78.74-kev Lj v line in the spectrum
of Lu!™ coincides with one of the strongest lines
in the spectrum of Lu!® (Lpvy, 78.6 kev). It is
very difficult to separate these lines. The 90.66-
kev transition in the spectrum of Lu'™ is one of
the transitions between the upper excited states.
From the intensity ratio of the L lines one can
calculate the value of the mixture of the different
multipolarities (assuming that the mixture is M1
+ E2). The transition was found to be 30% M1

+ 70% E2. The 84.19-kev transition in the spec-
trum of Lul!™ is of type E2 and is a transition
from the first excited state to the ground state

of the even-even nucleus Yb!" (reference 15).
The experimental value of the Ly:Lyr:Lyr ratio
is 0.09:0.97:1, against the theoretical 0.07:0.98
:1. The 87.30-kev transition in the spectrum Lul6?
has an intensity ratio Ly Lyp: Ly =1:0.08:0.28.
The calculated admixtures of E2 Jassuming a M1
+E2 mixture) give 9%and 4% for Lyyy/Ly and

Ly /Ly respectively. It is obvious that the E2 ad-
mixture does not exceed 10%, although the exact
value of the mixture cannot be established, for in
the region of L lines of this transition there are
many lines of other longer-lived isotopes, which
are difficult to separate.
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