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HINDERED El TRANSITIONS IN Eu"1 °5 AND Tb 1 6 1

Sven G. Malmskog

Abstract

The absolute El transition probabilities from the •*-+ (411),

- | - (532) and j - (523) single particle levels in Eu1 5 5 and Tb1 6 1

have been measured by the method of delayed coincidences. This

gave half lives of Tj ^ < 0. 2 ns and T, /„ « (l. 38 - 0. 06} ns for^ < 0. 2 ns and T, /

eV l e l s i Ethe 104. 4 and 246 keV levels in Eu , ^ 1/2
 ft C°- 8 4 ~ °- °4) n s a n d

T l / 2 K °- 2 n S f o r t h e 4 1 7- 6 a n d 4 8 0 > 6 k e V l e v e l s i n Tb1 6 1 . The re-
sult has been compared with the calculations of a single particle in a

deformed potential made by Nilsson.

Printed and distributed in February 1965»
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1. 0 Int r oduc tion

It has been well demonstrated that El transition rates in the

region of deformed nuclei are strongly hindered as compared with the '

single proton estimate by Weisskopf [1 ]. To some extent these facts

are understood in the light of the calculations made by Nilsson [2]ä who

considered the individual particle motion in s. deformed potential. Re-

cently it has been pointed out [3] that both the pairing correlation and

the giant dipole resonance can strongly influence the El transition

probabilities. It is therefore of importance to compare experimental

El transition probabilities with theoretical calculations to try to

understand the influence from the different co-operating factors. The

measurements of absolute El transition probabilities between identi-

cal single particle levels in adjacent odd-mass nuclei is also a sen-

sitive test of the influence exerted on the particle motion when an even

number of protons or neutrons are added to the nucleus.

In this paper an experimental study of some absolute El tran-

sition probabilities in Eu and Tb is performed. The result

is compared with the predictions from the Nilsson model.

2. 0 Experimental procedure

2. 1 Apparatus

A fast-slow coincidence apparatus supplied with NE-102 plastic

scintillators optically coupled to 56 AVP photomultipliers was employ-

ed. Throughout these experiments the y- rays were detected by a
n n if

1.5 x 1 scintillator while for $ registration a 1. 5 x 1 mm scin-

tillator was used. The total system had a time resolution with a width

at half maximum of 0. 6 ns using a Co source. Calibration of the

time-to-pulse-height converter was performed against the velocity of

light in air to within 0, 5 per cent using a fast light-pulse generator.

All details of the experimental set-up and the time calibration have been

given elsewhere [4].

2. 2 Sources

All the activations have been made at a neutron flux of
12 / 2

10 n/cm. • sec in the Research Swimming-Pool Reactor R2-0 at
Studsvik.
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Samples of highly enriched Sm (99. 2 per cent) were used. From

a mass analysis small amounts of Sm (0. 4 per cent) and Sm

(0. 2 per cent) were found. No other impurities with more than 0. 05

per cent were detected, A scintillation spectrum showed no other
1 55

activity than the one belonging to the Sm ~ decay.

The gadolinium sources were made from spect.roscopically pure

Gd?O_» The only short-lived activity observed was Gd (3. 7 min).
159 161

After several activations a background of Gd and Tb was

observed. To diminish this background each Gd source was exchanged

after 10 reactivations.
2. 3 Treatment of experimental data

If the lifetime of an energy level is of the order of the width at

half-maximum of the corresponding prompt resolution curve or longer,

a convenient way to obtain T, t^ is through a least squares fit. The

number of measured delayed coincidences from a single decay "y"

as a function of the channel number "x" is given by [4 j .

( « . , -/\{u-k) 1 f 1 ,,x-u,2 ! , , ,_, r,\y .** J AXe v ' • — exp - y (• ) i du + B (1)
k a V~2T? a

where A is the area of the delayed curve, X the decay constant, a the

standard deviation and B the background. From a least squares fit

between eq. (l) and the experimental time coincidence distribution,

X and thus T, /u is determined together with its standard deviation.

When the lifetime is much shorter than the prompt time resolu-

tion the method of momentum analysis can be used. It has been shown

[5] that the mean life of the delayed transition can be obtained from

the difference between the momentum of the delayed and a prompt

distribution both taken under the same experimental conditions. In-

formation on the mean life can also be obtained from higher momen-

ta but with less statistical accuracy [5 l . A program ha.s been construc-

ted which calculates the first three momenta of the delayed and prompt

distributions and, from them the mean life of the delayed level for each

momentum together with its standard er ror .
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3.0 Expe rimental data

l 5

After Pool and Quill [6J in 193 8 had observed a twenty-one min-

ute activity in samarium, several complementary investigations have

been made [7 - l l ] . Recently Kracik et al. [12] have reinvestigated

the decay of Sm using an intermediate image magnetic lens and

a Nal(Tl) spectrometer. Besides the three well-known gamma rays

they found eleven new weak lines extending from 450 keV to 1440 keV.

A simplified decay scheme is shown in fig. 1,

According to the Nilsson diagram the ground state assignment

for a nucleus with 63 protons is -j + (413) assuming a deformation of
5

5 * 0. 3, This is in agreement with the measured spin and parity -j +

for the ground state in Eu . From the conversion coefficients

av = 0 . 2 7 - 0. 06 from Schmid and Burson [9] and a^ * 0. 37 t 0. 09is. is.
and a « 0. 057 from Kracik et al. [12]. it is concluded that the 104

JLj

keV line is predominately El with a M2 mixture of less than two per

cent. This information together with the selection rules imposed by

the (3 decay from Sm gives a spin and parity of y - or y - for

the first excited state. The closest Nilsson level with negative parity
the
151

and suitable spin is the -*• - (532) orbit which is identified with the

104 keV level. This orbit is known to be the ground state of Eu

and the first intrinsic level in Eu . For large deformations (6 ~ 0. 3)
5 5

the -=- - (532) orbit is well below the ^- -f (413) ground state orbit but ap-

proaches this for smaller deformations { 6 ~ 0. 2). This fact, together

with the observed weak feeding by the allowed but hindered (3 -transi-

tion to the 98 keV ~ - (532) level in Eu 3 (log ft » 8. 6), is taken as

evidence of a small eccentricity of the 98 keV level. The El transi-

tion to the ground sta/te is then expected to be slowed down as a conse-

quence of the asymptotic selection rules and the change of nuclear equi-

librium [13]. A recent measurement [16] gives a half-life of (1. 58 -

0.21) x 10~10 sec for the 98 keV level in Eu153. In Eu155 the allowed

but hindered p -transition to the 104 keV y - (532) level has an unusu-

ally low value of log ft « 5. 7. This indicates that the change in the nu-

clear equilibrium is not so large for this transition as for the similar
1 53one in Eu and that the subsequent El transition is less retarded.
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We have measured the lifetime of the 104 keV level in Eu

by recording the delayed coincidences between the feeding beta and

the 104 keV gamma transition. The result was obtained by the method

of momentum analysis [5j . To determine the prompt resolution curve,

we used the prompt levels in Fe {845 keV, 7 ps), Se (559 keV, 12 ps)
1 2Z

and Te (5 64 keV, 8 ps) without changing the energy windows. For

each isotope five different distributions were measured. From the

determination of the position of the centroid of each distribution from

the first momentum (against an arbitrary zero), average values for

each isotope were obtained as Eu. (2. 82 - 0. 03 nsec), Fe

(2. 92 t o. 03 nsec), S e ? 6 (2. 95 t o. 03 nsec) and T e 1 2 2 (2. 85 - 0. 04
nsec). The last three isotopes are all known to be prompt, but still

there is disagreement with, the result for the first momentum of the

prompt curve. This may be due to electronic instability, variations in

source strength and position, different energy distributions in the rather

large, fixed energy-selective windows used, and so on. There are ma-

ny reasons for getting a small time shift of the order of 0. 1 nsec, and

a careful technique has to be used to take care of them all.

The mean life of the 104 keV level can now be obtained from the

difference between the first momenta of the delayed and the prompt

curves. From the Eu , Fe and Se values a mean life of the
122

order of 0. 1 nsec is suggested, but Te indicates a smaller value.

We have also calculated the second and third momenta for all time

distributions. Although the statistical errors are higher for these mo-

menta [5] they indicate a mean life between 0. 1 - 0. 2 nsec. From most

of the data a half life about 0. 1 nsec is indicated for the 104 keV level,

but the absolute value is rather uncertain. It is possible, however, to

definitely establish a half life less than 0, 2 nsec for this level. Com-

pared with the Weisskopf single proton estima,te [ l ] this gives a re -

tardation factor of < 2 • 10 .
1 SS

The 246 ke V level is known to decay by two gamma rays of 142

keV and 246 keV to the first excited and the ground state (fig. 1).

There intensity ratio y^— has been measured by Schmid and Bur-
142

son !_9j { K 5. 2), Sund, Ärns and Wiedenbeck [10] ( » 2. 5) and Kracik

et al. [12] ( t? 2. 2).
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From a scintillation spectrum taken from a Sm' source we esti-

mated, the •= gamma intensity ratio to be 2. 4 - 0. 3. A K-con-
142 4-

version coefficient of aT, » 0. 1 6 -1- 0, 06 has been measured for the
is.

142 keV transition by Schmid and Burs on. This shows that the 142

keV transition is predominantly El with a M2 content of less than two

per cent.

The nature of the 246 keV transition is, however, not so certain.

Rutledge et al. [8] gave as a rough estimate a value of -=- « 8. This

indicates a Ml transition. The more recent conversion coefficient

measurement by Kracik et al. [12], however, gives a value of

Y = 5.3 - 2, which gives Ml with E2 admixture. Owing to the report-

ed large errors, no definite value for the E2 content in the 246 keV

transition can be made. The conversion coefficients for the correspond-
1 53

ing 103 keV transition in Eu , however, have been accurately
L j | l->2

measured by Suter et al. T 14]. Using the — * — --• ratio they deter-
3mined an E2 admixture of 1. 1 per cent. From-this analogy, the 246

1 5 5 .
keV transition in Eu is believed to be predominantly Ml. The
multipole assignments together with selection rules for the (3 decay

of Sm155 give 4+ -J+ for the 246 keV level. As the \ + (411) or-
c . . 1 5 5 3

bit is expected to give a low lying state in Eu . , the -y + assignment

is favoured. This orbit is also known to be the second excited intrinsic

state in Eu153. With the ~-+ (411) assignment for the 246 keV level

both the 142 keV El and 246 keV Ml transitions are forbidden by the

selection rules for the asymptotic quantum numbers [13].

The delayed time coincidence spectrum between the (3 and the

246 keV y-transition has been measured. The (3 window was set to

accept the energy interval 800-1000 keV, while the y window was

adjusted to exclude the influence from the 104 keV transition. The re-

sult is shown in fig. 1. The prompt part of the time distribution orgi-

nates from fi-y coincidences from higher energy gamma transitions
155

in Sm , first observed by Kracik et al. [12], The influence of these

higher gamma transitions can be reduced by increasing the lower (3

energy level, but that will be at the sacrifice of a lower coincidence

rate. In analysing the result a fraction of an experimentally determined

prompt coincidence curve was subtracted from, the delayed curve until

the best least squares fit with eq. (1) was obtained.
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From such an analysis of six measured time distributions a half life of

(1. 38 - 0. 06)ns was obtained for the 246 keV level in Eu155. Compared

•with the Weisskopf single particle estimate [l j this gives retardation

factors of 7 x 104 and 103 for the 142 keV El and the 246 keV Ml

transitions respectively,

3.3 41 8 keV* level m Tb

Ninety per cent of the (3 decay from Gd is populating the

417, 6 keV level (fig. 2). This level decays by three gamma- rays with

energies of 102. 4 keV. 283. 8 keV and 361. 0 keV to the first excited

intrinsic level (315, 3 keV), the second and first rotational levels being

built on the ground state. According to Schmid, Burson and Cork [15]

all these three transitions have El muitipolarity with small M2 ad-

mixture, as is indicated by their K-conversion coefficients of 0. 22,

0. 041 and 0, 018 resp. The ground sta.te of Tb ~ with 65 protons is

predicted by Nilsson [2] to be a y + (411) configuration. This is in
3 J 59

agreement with the measured spin .,=- for Tb ' ' , The El character of
5 7

the 283. 8 and 361, 0 keV y~rays above gives a spin of y or j with
negative parity for the 417. 6 keV level. From the allowed unhindered

- 5

character (log ft <-> 5O 0) of the |3 transition from the -y - (523) ground

state of Gd " to the 417. 6 keV level, this state is taken to be the

y - (523) intrinsic level which is expected at about this excitation ener-

gy. This implies that the 283.8 keV and 361.0 keV El transitions

are once K-forbidden ( JK. - K, | *s X + 1). The delayed time coincidence

spectrum between the 1. 60 MeV (3-transition and the 3 61. 0 keV y-

transition has been measured. After some reactivations of the source

it was found 'chat the background activity from Gd̂  (18. 0 h) and Tb"

(6.9 d) increased. To avoid the influence from these decays the (3

window was placed high enough not to admit the 0. 59 MeV p* -transition

from Gd and the v -window was adjusted to get a negligble influence

from the 315. 3 keV transition in Tb . Furthermore each source was

replaced after ten irradiations. A small coincidence rate from y-rays

in Tb" with energies higher than 360 keV is, however, unavoidable.

Its effect has been estimated and corrected for. The result is shown

in fig. 2. The delayed curves have all been analysed by a least squares

fit to eq. (1) and with the momentum method.
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From the analysis with both methods on seven delay curves a mean

value o£ 0, 84 - 0. 04 ns was obtained for the half life of the 417. 6

keV level in Tb

Compared with the Weisskopf estimate [1 j this gives retardation

factors of 3 x 1 04, 9 x 1 05 and 2 x 1 05 for the 1 02. 4 keV, 283.8

and 361.0keV SI transitions, respectively.

A weak (3 -branch (7 per cent) is populating the 480. 6 keV level

which decays by two gamma rays of 1 65. 3 keV and 481 keV to the

first excited intrinsic level (315. 3 keV) and the ground state. The K-

conversion coefficient for the 165. 3 keV transition (a^, * 0. 09?) indi-

cates a El multipoiarity with small M2 mixing. The Ml character of

the Y- t r a n s^ions from the 315.3 keV level in Tb" to the ground

state rotational band [15] gives -j or -=- spin and positive parity to
5

this level and is identified with the •=• + (413) configuration. The 165. 3
3 5 7

keV El transition to this level gives -~, -=- and y as possible spins

for the 482 keV level together with negative parity. This level is taken

as the ~j - (532) configuration which is the only odd parity intrinsic

state expected in this energy range. This configuration is also known
n . . . , A t . _ 153 _ 155 „,, 155 ™,157 ,

to give lowlymg excited states m Eu , Eu , Tb , Tb and
1 59

Tb . It is also known that the ground state transition from the

- | - (532) level in Tb1 5 5 , Tb1 5 ' and TbX 5 9 is by far the strongest

transition to the ground state rotational band. This agrees with the pre-

sent assignment of the -^ - (532) level in Tb ' as the 481 keV ground

state transition is the only one observed. The allowed hindered charac-

ter of the (3 -transition populating the 481 keV level given by the above

assignments is in agreement with the observed log ft ~ 6. From this

decay scheme it now follows that the 481 keV transition is El with a

low M2 mixing as obtained by comparison with the corresponding transi-

tion in other odd A terbium isotopes. With the present assignment both

El transitions from the 481 keV level are forbidden by the asymptotic

quantum number n [13]. Five time coincidence spectra between the

1. 54 MeV p -transition and the 481 -keV gamma transition have been

measured.



The window in the (3 channel was the same as in the previous measure-

ment while the setting in the y channel was shifted so as to suppress

the influence from the strong 3 61 keV transition. A measured time

coincidence distribution is shown in fig. 3. The main part of the curve

is essentially prompt with a delayed tail caused by the 361 keV transi-

tion. Owing to the very high intensity of this line it is impossible to ex-

clude its influence totally using plastic scintillators, with its inherent-

ly low energy resolution, and still retain some coincidence efficiency.

The prompt peak is built up from the (3 1.44 MeV - y 529 keV cas-

cade (~ 40 per cent) and the (3~1. 54 MeV - y 481 keV cascade {~ 60

per cent). The slope of this part is about 0. 2 ns. Momentum analy-

sis of the above curve corrected for the delayed contribution gave

in all cases time displacements less than 0. 2 ns. From these eviden-

ces we conclude that both of the levels 58 6. 1 keV and 480. 6 keV

have lifetimes less than 0. 2 ns. This gives a hindrance factor of
4 5

< 1. 3 x 1 0 and < 1. 5 x 1 0 for the two gamma rays of 1 65. 3 keV

and 482 keV , respectively, as compared with the Weisskopf esti-

mate [ 1 ].

4. 0 Discussion

Table 1 gives a summary of the experimental information used

in calculating the transition probability P̂  (El). A comparison with

the Weisskopf estimate [ l ] through the retardation factor

PY(El)(exp)

W P(El)(Weisskopf)

is also given. This factor varies between 10 - 10 in all these cases

and shows that the actual El transitions are strongly retarded corn-

pared with the single particle Weisskopf estimate. In the region of

strongly deformed nuclei, however, it is well known that better agree-

ment with experiment is obtained when using a deformed potential as

was orginally done by Nilsson [2J. He showed that the El-transition

probability between two single particle levels in a strongly deformed

nucleus could be written as
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71 7 7. v ^ 1 A
" P f T ^ i l ;a ? Q ^ • 1 0 ( 1 - i f . .K A * .

• [< I, i, K, K' - K11, 1, l \ K' >j2 • { G E I } 2 sec"1 (2)

whe re

G*n * { I <Ntt' I r > m > V ^ M - ^ - * < ^ J . o , o U , i , ' t ' 1 o >

a . t , i • a • <l, 1, A, K* - K|-t-, 1,4', A ^ j (3)

AA

Here E is given in MeV and the prime denotes quantities belonging

to the ground state. G^, depends only on the intrinsic nature of the

nucleus and can be calculated when the proper wave functions are known.

In order to compare the transition probability between similar

levels in different nuclei, the experimental values of P-—-, have been
f 1 -

divided by the energy dependent factor before the brackets 1 * • < f in

cq, (2) and compared with the result from eq. (3) obtained with the

Nilsson wave functions [2j . Table 2 gives the necessary information
2

used in this calculation. In figs. 4 and 5 the theoretical G^, factors

are given as a function of the deformation parameter Tj, together

with the experimental results. For the -Jr + (411) ^ - y - (532) tran-

sitions the agreement with Nilsson* s predictions is good, indicating

a retardation factor of about 2. The matrix element for this transition

is thus seen to be rems.rkabiy independent of the addition of even pairs

of neutrons and protons. In the case of ~j - (332)—> •»• + (413), all

experimental transition rates are faster than expected from the Nilsson

theory. This is a situation which only seems to occur for El tran-

sitions with åK s 0,

As was mentioned earlier, there are reasons to believe that
151

r e -=~ - (532) level, which is the ground state of E u " with a de-

formation of about 5 » 0, 15, retains this low deformation even as an
153 155

excited level in Eu and Eu . For this reason a calculation of the
Gl , factor with decreasing T) for the y - (532) level has been perform-

e d .
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2
The result is shown in figs. 4 and 5S which reveal that the G^, values

increase as the deformation of the y - (532) level decreases. This is
5 5

in agreement with the result for the -j - (532)—ĵ - + (413) transition,
3 5

but seems to disagree with the -=-+ (411^~?-=t - (532) transitions.

There are, however, several other contributions to the transition

probabilities which we have not taken into account. It is known that

when the very short-range attractive forces not taken into account in

the average field for the independent particle cal^ilations are incorpo-

rated, this introduces a reduction factor to the transition probability.

It can be shown [4] that for transitions near the ground state this re -

duction factor for the electric 2 -pole transition [ » D(EL}] can be

approximately given by

D(EL) * 1 ' ^ % - (4)

where E is the energy of the electro-magnetic transition and A is

roughly given by the odd-even mass difference. The D(EL} value re-

duces the transition probability by approximately a factor of 20 to

5 in the energy range 1 00 to 500 keV, which is enough to compensate

for the increased G_, values in the -^ + (41l)^zi~ - (532) transi-

tions, as the deformation of the -j - (532) level is lowered.

It is thus seen that to account for the transitions in the nuclei

Eu and Eu one needs to assume that the •=- - (532) state is

associated with a radically smaller deformation. It would be interest-

ing to see if the same assumption is necessary in Tb . For this

heavier nucleus as born out by, e. g. for Tm in the calculations

of Mattelson and Nilsson [13] the smaller deformation is no longer
153

energetically competitive as it is for e.g. Eu
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Table 1

Experimental results El transitions between single particle levels

b

i
2

7
2"

n
i

2"

Transition

-(532)-

+(411)-

-(523)-

-(523)-

b

! • •

o

"2 +

(4X3)

(532)

(413)

(411)

JNticleus

TT 1 5 3
Eu
Eu 1 5 5

Tb 1 6 1

Eu 1 5 3

Eu1 5 5

Tb 1 5 9

Tb 1 6 1

Tb 1 6 1

Tb 1 6 1

Tb 1 6 1

Y-ray
energy
in keV

97.4

104.4

165.3

75.4

142

363

482

102.4

283,8

361. 0

Half life

in 10"9

0. 1 6f>

< 0. 2 a '

< 0. 2 a)

0. 14^'

1.38a>

0. 1 6 '

< 0. 2 a)

0. 84a^

0. 84a^
0.84a^

M2 ii d -
mixture

< 2 ?

< 2<?

low

< 2 f
< 2°/
< 2°7

low

low

low

low

, b )

d)

c)

c)

c)

Total
conver-
sion
coeff.

0. 40b^

0.436)

0. 11

0. 48b)

0, 19

< 0. 02

< 0. 02

0.25

0. 05

< 0, 02

y-ray in-
tensity

99
100

32

3. 2

30

97

68

13

10

77

Experimental
El transition
probability

P
Y (El)

3. 0 x

> 2. 4 x

> 1. 1 x

~ 3 x

1. 3 x

4. 3 x

> 2. 3 x

1. 1 x

8. 0 x

6, 4 x

-1sec

io9

1 0 9

i o 9

i o 7

i o 8

io9

10 9

8
10

i o 7

i o 8

( G E I ) 2
from

experiment

6 .4

> 4. 2

> 4. 6

1

6. 2

1. 2

> 2. 8

1.9

x 10 3

x 10'3

A

x l O 4

x 10"4

x 1 0 ' 5

x 10"4

x 10~5

x 10~4

K-forbidden

K-forbidden

Retardation
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0. 03
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a) present result

b) see ref. 14

c) see ref. 15

d) see discussion in the text

e) see ref. 9

f) see ref, 16

g) see ref. 17

h) see ref. 18



Table 2

Amplitudes of the Nilsson wave functions-

— ' ' '—

Nucleus

v 153
Eu
E u 1 5 5

T b 1 5 9

T b161

T b 1 6 1 _

„ 153Eu

v 1 5 5
Eu

T b 1 5 9

Tb 1 6 1

TP 1 5 3

Eu-
„ 155Eu

Tb 1 6 1

Level energy

and spin

9 7. 4keV£-|-

104.4keV;4 -
Lt

363 keV;-| -

480. 6keV;|- -

417. 6keVs~ -

172. 9keV;-| +

246 keV?-| +

0 keVj-| +

0 keV|~ +

0 keV|~ +

0 keV;~ +

315.3keVj | +

Nilsson clas-

sification

4 -1532)
No 36

I - (523)

No 35

| '+(411)

No 33 '

f+(413)

No 27

Basic

vectors

552 +>

532 + >

553 - >

533 - >

553 +>

533 + >

554 - >

441 + >

421 + >

442 - >

422 - >

442 + >

422 4- >

443 - >

The amplitudes a .
normalized to

I A ^ A

71 M 2

0. 8660

0. 1406

0.4739

0. 0460

0.9223

0. 0885

0. 3763

-0. 3111

0. 8704

0. 1981

0. 3261

-0. 3831

-0.2111

0.8993

Tl * 4

0. 8727

0. 2435

0.4180

0.0663

0. 1446

0. 1446

0. 3302

-0.4091

0. 8512

0. 1800

0. 2751

-0. 3160

-0. 2070

0..9251

7) * 6

0. 8725

0.3159

0. 3656

0. 0724

0. 9394

0. 1822

0. 2903

-0.4638

0. 8407

0. 1480

0. 2369

-0.2659

-0. 1879

0.9455

0. 32

0. 30

0.31

0. 30

0. 30

0. 32

0. 30

0. 31

0. 30

0.32

0. 30

0. 30

a) For the odd-proton nuclei in the region 50 < Z < 82 the relation between the two deformation para-

meters 6 and 71 is 5 ~ 0. 06 Tj.



2A-6 keV level in Eu
155

CD
C
C
O

JZ
o

Q) I U

Q_

CO

If
D
O

O

dans

10'

10
10 ns

Fig. i. Delayed coincidence curve taken between the continuous

beta spectrum and the 245 keV gamma ray, giving a half

life of 1. 38 - 0. 06 ns for the 246 keV level in Eu"55,



Fig- 2. Delayed coincidence curve taken between the continuous

beta spectrum and the 36i keV gamma ray, giving a half
161

life of 0. 84 - 0, 04 ns for the 418 keV level in Tb
,161

The

inset shows a simplified decay scheme of Gd VJL indicating

the gamma transitions de-exciting the 418 keV level.



586 keV Levels in Tb

Fig- 3. Delayed coincidence curve taken between the continuous

beta spectrum and a mixture of the 481 and 529 keV gamma

rays, setting an upper limit of 0. 2 ns for the half life of the

481 and 586 keV levels in Tb'161.
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Fig. 4. Comparison between the - f (411) JéS?* (532) experimental

and theoretical El transition probabilities.

shows the theoretical (G^-i) -factor obtained from

the Nilsson model (eq. 3} with the same deformation

for the two levels.

with lower deformation (given in %) for the — - (532)

level.

experimental values for the

from eq. 2.

) -factor obtained
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Fig. 5. Comparison between the-^ - (532)—> '~ -f (413) experimental

and theoretical El transition proba-bilities.

2
shows the theoretical (G^^j "'-factor obtained from

the Nilsson model (eq. 3} 'with the same deformation

for the two levels.

with lower deformation (given in %) for the —• - (532)

level.

experimental values for the

from ea. 2.

r 4 ) -factor obtained
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