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C. C. Dey and B. K. Sinha
Saba Institute of Nuclear Physics, 1/AF, Bidhannagat', Calcutta, 700 08$, India

(Received 13 May 1993)

The multipole mixing ratios for the 198 and 177 keV p-ray transitions in Tm are determined
as b(198) = —6.1+0 6 and 6(177) = —0.20+0'os from new measurements of angular correlation of the
63-198 and 63-177 keV cascades in addition to measurements on the cascades passing through the
118 and 139 keV levels. The present value of b(198) indicates an almost pure E2 character for the
198 keV p ray while from earlier measurements an admixture of only 9% E2 was reported for this p
ray. For both the 198 and 177 keV transitions the results do not agree with the conversion electron
measurements and indicate that the conversion processes in these transitions are not normal. Prom
time-diiferential measurement on the 63-198 keV cascade, the relaxation constant Aq

——(0.31 +
0.21) x 10 sec ' is obtained using the source in acetic acid solution. The integral attenuation
coeKcients for the 316 keV level are found to be G& ——0.19 + 0.04 in liquid chloride source and
Gz ——0.57 6 0.06 in liquid acetate source.

PACS number(s): 23.20.En, 23.20.Gq, 23.20.Nx, 27.70.+q

The multipole mixing ratios of p transitions in a nu-
cleus can be determined Rom internal conversion as well
as &om p-p angular correlation measurements. Due to
the finite-size effect of the nucleus, some conversion co-
efficients (particularly Ml), however, deviate from the
calculation of Rose et al. [1] in the point nucleus approx-
imation. The deviation &om the point nucleus approxi-
mation is due to the fact that in these cases the electron-
nuclear interaction takes place in the immediate vicinity
of the nucleus where the electron wave function is mostly
modified and, also, within the nucleus itself. In the inte-
rior of the nucleus the interaction is not of the same form
as in the outside region. Thus in addition to normal con-
version matrix elements there appear "penetration ma-
trix elements. " It was found that significant anomalies
in the conversion coefficient should appear only in tran-
sitions highly hindered &om the single-particle transition
value. The K-shell electrons are mostly affected by the
finite size of the nucleus because they have the maximum
probability to penetrate into the nucleus itself. On the
other hand, the p-p angular correlation coefficients are
not sensitive to the finite-size efFect of the nucleus.

Considering the 198 and 177 keV transitions in the de-
formed nucleus Tm, we find that these are strongly
retarded transitions depopulating the 316 keV level (Fig.
1). For the 198 keV transition the mixing ratio obtained
&om subshell ratio measurements (b = 0.107 6 0.006)
[2] was in good agreement with that reported &om p-
p(8) measurement on the 198-118 keV cascade (b—0.306 +0.017, i.e., b2 —0.09) [2]. But in the case of the
177 keV transition, disagreement in the values of b(177)
were reported &om internal conversion coefficient (ICC)
[2,3] and p-p(8) measurements on the 177-130 keV cas-
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FIG. 1. The relevant portion of the decay scheme of Yb.

cade [4—6). For this 7 transition Gunther et al. [2] and
Grabowski et al. [3] reported a value of b2 = 0.19 &om
subshell ratio measurements. However, p-p(8) measure-
ments (Table I) suggest a value of b2(177) —0.04. Due to
penetration effects, as mentioned above, the Lg and L~y
conversion may be influenced. Thus for the 198 and 177
keV transitions the measured subshell ratios [2,3] will be
sensitive to penetration efFects. For the 198 keV tran-
sition definite penetration effects in the internal conver-
sion process (A = 6—9) were reported by Agnihotry et al.
[4]. In case of the 177 keV transition, although no such
definite penetration parameter was reported, the discrep-
ancy in the results of b(177) obtained from ICC and p-
p(8) measurements indicates the presence of penetration
efFects in this transition also. Therefore, for these tran-
sitions the ICC results may not give the correct values
of mixing ratios. Considering the above facts it seems to
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be useful to study the angular correlations of the 63-198
and 63-177 keV cascades, not studied earlier, to establish
the correct values of mixing ratios of the 198 and 177
keV transitions. Study of these cascades will be helpful
also to determine the presence or absence of penetration
effects in these transitions. Since these cascades pass
through the 316 keV level having a rather long half-life

(T~/z = 660 nsec) (Fig. 2), it is to be expected that
the angular correlation coeKcients will be attenuated
within the lifetime of the intermediate level, even in liquid
sources. The time-dependent form of the attenuation in
liquid sources is given by Az(t) = A2(0)e "', where Az

is the relaxation constant. Thus &om time-differential
angular correlation study it is possible to find out the
unattenuated value of A2 from which the mixing ratio
of the corresponding p transition can be determined. In
the present paper we have performed the differential and
integral measurements on the 63-198 and 63-177 keV cas-
cades in liquid chloride and acetate sources using a high-
resolution LEPS-HPGe system. Measurements of angu-
lar correlation on the cascades passing through the 118
and 139 keV levels have also been repeated to check the
consistency of our experimental setup.

The radioactive source Yb (Tq/z
——32 d) is obtained

from BRIT, Bombay, India, in the form of YbC13 solution
in HCl. For the measurements of angular correlation of
various cascades passing through the 118 and 139 keV
levels (Fig. 1) a standard slow-fast coincidence setup is
used. The coincidence spectra are taken in the LEPS
detector gated by the 198 keV p ray for cascades passing
through the 118 keV level and gated by the 177 keV

p ray for cascades passing through the 139 keV level.
The measurements are done at five angles and data are
stored in five different groups of a multichannel analyzer
(MCA). The results of measurements on these cascades
are listed in Table I.

Measurements on the 63-198 keV cascade have been
performed in two different liquid sources, viz. , YbC13 so-
lution in HC1 and Yb(C&HsO&)s solution in CHsCOOH.
For preparation of the acetate source, the original source
is evaporated to dryness and is dissolved in glacial acetic
acid. For time-differential measurements on this cascade
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FIG. 2. The time-to-amplitude conversion spectrum of the
63-198 keV cascade showing the lifetime of the 316 keV level
in '6~Tm

the time-to-amplitude conversion (TAC) spectra (Fig. 2)
are stored in different groups of the MCA for different
angles. The integral measurement on the 63-177 keV
cascade is performed also &om the TAC spectra using
the liquid source of YbC13. Measurement on this cas-
cade is not performed in the acetate source. The results
of integral measurements on the 63-198 and 63-177 keV
cascades are given in Table II.

Prom the measurement on the 198-118 keV cascade
we obtain the value of A2, in agreement with the re-
sults of earlier measurements (Table I). Since the result
of Gunther et aL [2] has less error, we consider their value

of A2 ———0.288+0.010 for our subsequent analysis. This
value of Az corresponds to two possible values of h(198),
viz. , Sq (198) = —0.306+0.017 and bz (198) = —6.1+o's for
the spin sequences of 7/2(1, 2)5/2(2)1/2. For the 198-110
keV cascade we obtain the value of A2 ——0.340+0.007, in

good agreement with the results of other measurements
(Table I). Now, considering the 63-198 keV cascade (Fig.
1) we find that theoretical values of angular correlation

TABLE I. Results of integral angular correlation measurements on the cascades passing through
the 118 and 139 keV levels in ' Tm.

Cascade
(keV)

198-118
7/2{1,2)5/2(2)1/2

A2
—0.325+0.027
—0.288+0.010
—0.280+0.060
—0.295+0.016

A4
0.011+0.038
0.002+0.016
0.069+0.088

Reference
This work

[21

[6]
[12]

198-110
7/2(1, 2)5/2(1, 2)3/2

0.340+0.007
0.341+0.003
0.345+0.009
0.347+0.006

—0.006+0.011
—0.004+0.005
—0.049+0.013

This work

[2]
[6]

[12]

177-130
7/2 (1,2)7/2 (2)3/2

0.259+0.007
0.263+0.009
0.253+0.008
0.254+0.013

0.018+0.011
0.010+0.014
0.036+0.010
0.022+0.023

This work

[4)

[6]
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TABLE II. Results of integral angular correlation measurements on the cascades passing through
the 316 keV level in Tm.

Cascade

63-198

Chemical form
of the source

YbCl3 in HCl
Yb(C2Hg02)g
in CH3COOH

G2A2
—0.024+0.005
—0.058+0.003

A2
(theoretical)

102+0.008
—0.012

Gg

0.23+0.05
0.57+0.06

63-177 YbC13 in HCl 0.014+0.007 0 115+o.o&5
—0.013 0.12+0.06

—0.36

pz (0) = —0.097+ 0.010
7 -1

W2
= (0.31 &0.21) ~10 sec

-0.1

i'
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FIG. 3. Results of the di8'erential angular correlation mea-
surement on the 63-198 keV cascade in liquid acetate source.
The value of A2(0) found aud that expected from ICC results
are indicated in the 6gure.

coeKcients are A2 ———0.36 6 0.01, corresponding to the
value of bq(198), and A2 ———0.102+o'ozz, correspond-
ing to the value of b2(198). The 63 keV transition is
a pure E1 p transition. Our measurement on this cas-
cade yields the integral values of G2A2 ———0.024 6 0.005
in liquid chloride source and G2A2 ———0.058 6 0.003
in liquid acetate source. Since the attenuation of A2 is
less in the acetate source, we have performed the tirne-
diKerential measurement on this cascade in liquid acetate
source. The values of A2(t) at different time channels
show that the extrapolated value at zero time channel,
i.e., A2(0), converges very near to —0.102 at zero time
channel (Fig. 3), corresponding to the value of bz(198).
Therefore, from our differential angular correlation data
the value of bq(198) can be ruled out and the accept-
able value of b(198) is —6.1+o's. A least-squares fitting
of the Az(t) values by an exponential function yields

Az(0) = —0.097+0.010 and A2
——(0.31+0.21) x 10' sec

in the acetate source. The geometry-corrected value of
A2(0) is found to be Az(0) = —0.102+ 0.010. There are
no reported measurements of A2 in Tm in any chemi-
cal environment of the source.

For the 177-130 keV cascade we obtain the value of
A2, in good agreement with the values found from ear-
lier measurements (Table I). Correction for attenuation
in liquid sources is expected to be very small for the cas-

cades passing through the 139 keV level (Tqg2 ——302
psec [7]). Our measured value of A2 on this cascade cor-
responds to two possible values of b(177), viz. , bq(177) =
—0.20+o'os and b2 (177) = —0.75 + 0.05. The value of b2,
however, can be ruled out from the result of our p-p(8)
measurement on the 63-177 keV cascade (Fig. 1). For
this cascade the values of G2A2 have been measured to
be G2A2 ——0.014 6 0.007 in the chloride source. The
theoretical values of A2 for the 63-177 keV cascade are
A2 = 0.115 for the value of bq(177) and A2 = —0.075
for the value of b2(177). The sign of G2A2 measured
therefore supports the value of b(177) = —0.20+o'os.

If we consider our measured value of A2(0) = —0.102+
0.010 for the 63-198 keV cascade and our measured values
of G2A2, we can calculate G2 for the 316 keV level. In liq-
uid chloride source we find the value of G2 ——0.23 6 0.05
and in liquid acetate source this has been found to be
G2 ——0.57+ 0.06 (Table II). The value of G2 in liquid
chloride source can also be obtained from our measure-
ment on the 63-177 keV cascade. For this cascade the
measured value of G2A2 ——0.014 6 0.007 corresponds to
G2 ——0.12 6 0.06 (Table II). A weighted average value
of G2 in liquid chloride source can be calculated from
measurements on these two cascades and is found to be
G2 ——0.19 6 0.04.

For both the 198 and 177 keV p transitions we find
that the mixing ratios obtained from p-p(8) measure-
ments are not in agreement with those found from con-
version electron measurements. From ICC measurements
Gunther et al. [2] and Grabowski et al [3] reported. pre-
dominantly Ml character (= 9% E2 admixture) for the
198 keV transition. This is found to be in disagreement
with present measurements of p-p(8) and p-p(8, t) on the
198-118 and 63-198 keV cascades. Gunther et al. [2],
from p-p(8) measurement on the 198-118 keV cascade,
reported a value of b(198), in agreement with that ob-
tained from their subshell ratio measurements. In fact,
out of two possible values of b(198) obtainable from p-
p(8) measurement on the 198-118keV cascade, Gunther
et al. [2] accepted that value which agrees with the value
of their subshell ratio measurements. But this value of
b(198) = —0.306 is not consistent with the angular cor-
relation result of the 63-198 keV cascade, whereas the
other value, viz. , b(198) = —6.1, is consistent with both
the angular correlation results. The present value of
b(198) = —6.1+a's corresponds to 97% E2 for the 198
keV transition, while from earlier measurements of ICC
and p-p(8) only 9% E2 admixture was found. For the
177 keV transition the result of ICC measurements [2,3]
suggest ]b(177)~ 0.44, corresponding to 17% E2 ad-
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mixture, whereas the present result and also the earlier
results of p-p(0) measurements on the 177-130 keV cas-

cade (Table I) give a different value of b(177) ——0.20,
corresponding to almost pure M1 transition, E2 admix-

ture being only 4'Fp.

The discrepancies in the results of b(198) and b(177)
obtained from ICC and p-p(0) measurements may be at-
tributed to the penetration efkcts. As a result of pene-

tration eA'ects the M1 conversion coefBcients are modified
according to [8]

n(M1, A) = n(Ml, A = 0)(1+Bi%+ B2A'),
where A is the penetration parameter and is convention-
ally expressed in terms of the ratio of the penetration
matrix element ([[M1][), to the p-ray matrix element

(~[Mi[[)~. The coefficients Bi and 82 are tabulated by
Hager and Seltzer [8]. The experimental values of nlrb for
the 198 and 177 keV p transitions were reported [9] as
crJc(198) = 0.376 + 0.014 and na-(177) = 0.49 6 0.03.
The theoretical values of n~ without penetration ef-

fects, as tabulated by Rosel et al. [10], are found to
be a~(Ml) = 0.39 and nlrb(E2) = 0.17 for the 198 keV
transition. Since from our measurement an almost pure
E2 character for the 198 keV p transition is obtained,

the experimental value of na-(198) = 0.376 can be taken
approximately as the theoretical value of n~(E2) with
penetration e8'ects. For the 177 keV transition the theo-
retical values of o.~ without penetration effects are found
to be o~(M1) = 0.53 and cr~(E2) = 0.23 from the ta-
ble of Rosel et al. In this case the experimental value of
air(177) = 0.49 can be taken approximately as the the-
oretical value of o~(Ml) with penetration effects, since
an almost pure M1 character for this p transition is ob-
tained from our measurement.

In i Tm the 316 keV level is assigned 7/2, 7/2+ [404]
and it decays by K-forbidden (AK = —3) 177 and 198
keV transitions to states of the ground rotational band,
7/2+ and 5/2+, K = 1/2 [411] (Fig. 1). For these transi-
tions anomalies in the internal conversion process should
not be appreciable normally since these are K-forbidden
retarded transitions [ll]. This means that there should
not be any discrepancy between the values of mixing ra-
tios obtained from ICC and p-p(0) measurements. How-

ever, large disagreements obtained from ICC and p-g(0)
measurements for both the 198 and 177 keV transitions
indicate that the internal conversion processes in these
cases are not normal and seem not to follow the theoret-
ical prediction of Nilsson et al. [11].
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