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The half-lives of the 121.78 and 366.5 keV levels in 152Sm were measured by delayed coincidence
technique. The values (1.35%0.05) ns and (42*18) ps were found respectively. Transition prob-
abilities and nuclear deformation parameters were deduced.

I. Introduction

In all even-even nuclei except for the very light
ones the transition probabilities for the transitions
from the 2 + first excited state to the ground state
are much faster than the Weisskopf single particle
estimates indicating that there are transitions of a
cooperative nature !,

The collective behaviour appears as a large static
quadrupole moment for nuclear ground states in the
rare earth region. It has been interpreted ? as evi-
dence for deformation of a nuclear core by a par-
ticle structure.

In the model of axial symmetry by BoHR and
MoTTELSON ? the individual particle and collective
aspects of nuclear motion are combined. The exis-
tence of an equilibrium deformation of the nucleus
allows for rotational motion of the system as a
whole, leading to a rotational spectrum for even-
even nuclei with spin states =0+, 2+, 4+,...
and energies proportional to (I +1), with the re-
duced transition probability ratio

B(E2;4,—2,) 10
B(E2;2, —>0,) 7
in the ground state rotational band transitions.

It is of great interest to compare the theoretical
ratio as predicted by the unified model and the
asymmetric rotator? with those measured experi-
mentally.

A nucleus like 1%2Sm with a neutron number of
90 lying at the edge of the deformed region shows
a rotational spectrum with the energy ratio

Ey(4+>04)

E,2+—0,)

=3.01.

The lifetime of the 4+ rotational level of the
ground state band, lying at an energy of 366.5 keV,
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has been measured several times using Coulomb ex-
citation and pulsed beam techniques. In general,
there exists no agreement between the lifetimes
measured by the two techniques.

II. Experimental Technique

I1.1. Source Preparation

The source was prepared by irradiating natural Eu-
oxide (with 47.82% 1¥1Eu and 52.18% 1%3Eu) in a neu-
tron flux of 2-10' n/cm?s for 28 days. The natural
material was deposited before irradiation on a 1 mg/cm?
foil by means of vacuum evaporation. 12Eu and 1%4Eu
isotopes were produced in the ratio of their existence
in the natural Eu-oxide.

I1.2. Lifetime Measurements

The electron selection was attained using an elec-
tron-electron spectrometer which can be used as elec-
tron-gamma coincidence spectrometer. The spectrometer
is especially equipped for lifetime measurements 3 when
coupled to a start-stop time-to-pulse height converter
for time analysis and a 400 channel analyzer.

Lifetime of the 121.78 keV level in 152Sm

The lifetime of this level was determined from the
exponential slopes of the time distribution curve.
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Fig. 1. The decay scheme of 32Eu to 132Sm and 152Gd.
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POTENTIOMETER READING

Coincidences were recorded between the K-conver-
sion line of the 244.7 keV transition feeding the 121.78
keV level and the K- or L-conversion line of the 121.78
keV transition. Figure 1 shows the decay scheme of
152F 1.

The electron spectrum of 152Eu+-1%4Eu sources ob-
tained in our spectrometer is shown in Figure 2. It is
clear that the 123 keV transition of %*Gd overlaps with
the 122 keV transition of 1*2Sm, and the 248 keV tran-
sition of 154Gd with the 244.7 keV transition of 152Sm,
so the lifetime of the 123 keV level in 1%*Gd will con-
tribute in our measurements.
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Fig. 3. The delayed curve obtained for the 122 keV level.

<— Fig. 2. The electron spectrum
of 152Eu and '**Eu sources.

As the average weighted mean value for 5 selected
runs, and after correction for the admixtures$, taking
the value T, = (1.18 £ 0.04) ns 7 for the 123 keV level
of 1%4Gd, a value of Ti.=(1.35%0.05) ns is obtained
for the 121.78 keV level in '52Sm. Figure 3 shows the
delayed curve obtained for the 121.78 keV level in
152G

Lifetime of the 366.5 keV level in 152Sm

Measurements were carried out using the compari-
son technique as described in Ref. 8, Coincidences were
recorded between the gamma transitions of energies
greater than 500 keV feeding the 366.5 keV level and
the K-conversion electrons of the 244 keV transition.
The prompt curves for comparison were taken using a
60Co source. Several runs were taken and the weighted
mean value corrected for admixtures from the 371 keV
level of 154Gd with Ty, = (41%7) ps”.

A value of (42*18) ps is obtained for the half-life
of the 366.5 keV level in 152Sm. Coincidences obtained
for the 366.5 keV level are shown in Figure 4.

III. Discussion

Table 1 summarizes the experimental results for
determining the half-lives of the 121.78 and 366.5
keV levels in 152Sm. Some reported values of the
half-life of the 121.78 keV level in 15?Sm® ? agree
with our value of (1.35%0.05) ns. The other val-
ues 1712 agree within the overlapping error limits.
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Table 1.
Level Ty, Authors
(1.40%0.1 ) ns SUNYAR 8
(1.37£0.04) ns Fossan ?
(1.45%0.06) ns Birk 10
122 k¥ (143£0.04) ns  HUBNER M
(1.45%0.03) ns DiaMOND 12
(1.35%0.05) ns Present Work
80 ps ALKHAZOV 13
366 keV (59t 2) ps DiamoND 12
(42+18) ps Present Work

The half-life of the 366.5 keV level in 1%2Sm was
measured by Coulomb excitation 13, and recently by
the Doppler shift method!%. Our value of Ty, =
(421+18) ps agrees very well with the value ob-
tained by the Doppler shift method. The value ob-
tained by Coulomb excitation is higher than the
other values. By considering the 121.78 keV and
244.7 keV transitions as pure electric quadrupole
transitions, we deduced the reduced transition prob-
abilities experimentally from the measured mean
lives 7,, using the formula

[B(E2) rad.] 1=1.23x1072 E5(1 + tot) Tm

where E is in keV, B(E2) in units of 2 10748 cm*
and 7, in sec.

B(E2; 2+ — 0+) is the radiative reduced tran-
sition probability, which differs from

B(E2; 04+ — 2+ ) obtained from Coulomb ex-
citation by a factor of 5. In general

BE2; i~ 1,,) =[Q2L+1)/2(I+1)]
‘B(E2; It — I) c.exc. -

In determining the experimental transition prob-
abilities we used the experimental values for 7,
the theoretical values for the internal conversion co-
efficients ag and ap, !4, and the sum of the coeffi-
cients of the higher shells

(ay+oax+...)=0.315a¢y,.

The experimental transition probabilities were
compared with the transition probabilities in terms
of the single particle model; the enhancement fac-
tors are shown in Table 2.
B(E2;4+ —>2.)exp.
B(E2;2, —04)exp.

The ratio =1.863+0.4,

obtained experimentally seems to be higher than
the value of 1.43 given by Bohr and Mottelson in
the unified nuclear model with axial symmetry.

LEVELS IN 132Sm 1231

One can calculate the reduced transition prob-
ability predicted by the asymmteric rotator of the
Davypov and CHABAN model 4. In this model the
parameter (y) determines the deviation of the shape
of the nucleus from axial symmetry. This parameter
can be deduced by two methods:

(i)

Ey(2+) _ 3+V9-8sin*37)
E,(2.) 3—V19—8sin*(3y)

E{(2+) represents the energy of the first 2+ ex-
cited state, E,(2+) represents the energy of the
(2 +) state in the y-vibrational band.

(ii) From the ratio: E,(4+)/E,(2 +), the ener-
gies of the first and second excited states in the
ground rotational band 13,

Method (i) gives the values

B(E2;4,—>2.)

o
y=15.2" and B(E2: 25 > 04) — 1.326.
Method (ii) gives the values
w10 gnd SENMRe) gom

B(E2;2, —0,)

The reduced transition probability given by me-
thod (ii) is prefered to be compared with the ex-
perimental value.

The electric quadrupole moments Q, of a nuclear
state are calculated according to the formula 16

B(E2; Li—>I) = 1 ¢ Q(1i2K 0| 1,21 k)?

for an E2 transition between successive levels in a
rotational spectrum, which depends on the nuclear
shape.

The nuclear deformation parameter, f, is calcu-
lated for 152Sm for a transition between states of
I +2— I from the formula 8

_ 108 4% 5 72 g2 (+1) (I+2)
T,=218-10 4% B 22 f2 T HICHD

where E is measured in units MeV.

For the moments of inertia (Table 2), if we
assume that the nucleus exhibits a rigid rotation,
a value of I;;, =28.97 (10739 keV s2?) is deduced ?
for its rigid moment of inertia. This value is higher
than the value /=11.14 (1073°keV s?) of a sym-
metric rotor deduced from the first excited state of
the nucleus. On the other hand, if the nucleus is as-
sumed to exhibit an irrotational motion, its moment
of inertia® will be I;;;=2.4 (10739 keV s2) which
is much smaller than the moment of inertia of a
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Table 2.
Nucleus  State Transition Ty, B(E2) Q10— *#cm®* g 1 Liig. Iirr.  Enhance-
Energy  Present Work e? 10—% cm? keV s2 keV s® keV s? ment
(keV) 1039 10—3 103 Factor
2g 2+ 121.78 (1.35%.05) ns 0.737%.027 6.084 318 11.14 28.97 24 215
RS 44 244 (421 18) ps 1.373%.6 8.304 .360 5.54 29.29 3.04 271

symmetric rotator. The contribution of the rigid
and the irrotational part of the motion depends on
the nuclear deformation parameter ;. When the de-
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The internal friction which is a diffusion dependent physical property has been used as a means
to determine the kinetics of short range order in (Cu-30% Zn) alloy. Curves of relative (Q—1/Q,~1)
against annealing time have been plotted for various annealing temperatures. An average activation
energy of 1.7 eV was found for the ordering process, which is equal to the activation energy for

zinc diffusion in coarse grained copper.

When an alloy having short range order (SRO),
is quenched from high temperatures, excess vacan-
cies are liberated which will enhance diffusion, and
hence the ordering rate during subsequent anneal-
ing. Due to this enhanced ordering rate, the equi-
librium degree of short range order canbe achieved
in reasonable times even at rather low temperatures,
provided that vacancies are mobile at these tempera-
tures. For copper-zinc alloys in the alpha phase, the
existence of SRO has been theoretically ! establish-
ed and experimentally demonstrated by many wor-
kers (cf. CLAREBROUGH et al.?). Evidence from
diffuse X-ray and/or neutron scattering experiments
is not available because of the small difference in
scattering power of copper and zinc? atoms. Long

range order in alpha brass above —30°C is im-
probable 3 because of the rather low ordering en-
ergy of the system.

1. Experimental Procedure and Results

Internal friction experiments were carried out using
a torsion pendulum (test wire dia. 1 mm, length 6 cm).
The free decay of the oscillations was observed at fre-
quency 0.7 c/sec and strain amplitude 1 x107% The
torsion pendulum is kept at 2 X 1075 mm Hg vacuum.

Specimens used were prepared from high purity cop-
per and zinc. The appropriate proportions of the two
comonents were melted in closed graphite molds me-
chanically agitated for homogenization. The solid solu-
tions were cold drawn into wires of 1 mm diameter.
Subsequent chemical analysis allowed the precise de-



