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Deformation on isomeric excitation of Eu isotopes in„g,n… and „n,g… reactions
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Isomeric ratios in (n,g) and (g,n) reactions in Eu isotopes were measured. Thermal neutrons and brems-
strahlung photons in the giant dipole resonance energy range of 13–22 MeV were used to excite the isomeric
states. The isomeric levels 02 and 82 were excited in the isotopes150Eu, 152Eu, and154Eu. The cross section
for the reaction (g,n) leading to the high-spin isomeric state 82 on 152Eum2 isotope was measured in the
giant-dipole-resonance region by the activation method. Experimental values of the isomeric cross section
ratios were compared with the theoretical values. The influence of the nuclei quadropole deformation on the
isomeric ratio was described.@S0556-2813~98!03011-8#

PACS number~s!: 25.70.Ef, 24.30.Cz, 27.70.1q
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I. INTRODUCTION

One of the main sources of information about the prop
ties of excited states of nuclei is nuclear reactions involv
various bombarding particles. These reactions allow the
termination of several parameters of individual levels~spins,
parities, electric and magnetic moments, matrix element
radiative transition!, and give information about the statist
cal properties of the levels at high excitation energies~the
dependence of the level density on energy and angular
mentum!. When various bombarding particles are used, c
tain subsets of nuclear levels are selected and only som
these parameters are clearly manifested. Therefore, by u
a wide range of particles to study nuclei, it is possible
obtain a complete picture of the properties of nuclear lev
up to high excitation energies.

The large difference between the spins of a nucleus
isomeric and ground states is one of the reasons be
isomery; as a result, only radiative transitions of high mu
pole orders are possible in the deexcitation of an isomer.
deformed nuclei, there are also selection rules in the qu
tum numberK ~spin projection onto the symmetry axis of
nucleus! that lead to a large delay in radiative transitions
low multipole orders. A similar delay may be due to th
difference in shape between an isomer and the correspon
ground-state nucleus. This is exemplified by spontaneo
fissile isomers, which are characterized by an anomalo
large quadrupole-deformation parameter (b.0.6) and by a
strong suppression ofg transitions to the ground state@1–3#.
An additional delay for radiative transitions may be due
selection rules in the orbital angular momentum and in
isotopic spin, as well as to the fact that multiparticle config
rations are very different.

Obviously, all factors that delay radiative transitions a
manifest themselves in the probability of populating isome
states through excited nuclear levels. However, the degre
which these factors are operative changes substantially
increasing excitation energy. For example, selection rule
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K that are peculiar to deformed nuclei exert virtually no e
fect at excitation energies of a few MeV. The effect
nuclear deformation on the probability of exciting isome
states has received much less study. The dependence o
probability on excitation energy has been measured only
a few spontaneously fissile isomers (236U and242Am). It was
found that this probability increased sharply for excitati
energies lower than the height of the potential barrier se
rating isomeric and ground states and that it reached a
teau at higher energies@2#.

It was interesting to perform similar measurements
other nuclei where different deformations were realized
isomeric and ground states. Such cases are known in
regions between spherical and deformed nuclei. InN
588– 90 Sm and Eu isotopes, for example, different lev
of the same residual nucleus could be excited in~d,t!, ~p,t!,
and~t,p! reactions when spherical and deformed nuclei w
used for targets@4–6#. This suggested that levels characte
ized by various values of the deformation parameters exis
in these nuclei.

Here, experimental results for isomeric ratios~IRs!—the
ratios of the cross sections~or yields! for reactions resulting
in the production of nuclei in isomeric and ground states
were presented in reactions (g,n) and (n,g) on the spherical
nucleus151Eu and deformed nucleus153Eu ~Fig. 1!. Evidence
for the presence of this deformation was the evolution of
shape of a total photoneutron cross section in the giant dip
resonance region as the transition from spherical to stat
cally deformed nuclei was made. The photoneutron cr
section for151Eu had one peak, while153Eu had two peaks,
which was characteristic of deformed nuclei@7#. The isomers
excited in these reactions had different values of
quadrupole-deformation parameter. Farther, the target nu
had the same spin and parity (I p5 5

2
2) and these reaction

introduced small changes in angular momenta in the ta
~1\ and 1/2\, correspondingly! leading to small differences
in the excitation of states built on these isomeric states. T
measurement of IRs and comparison of these ratios for151Eu
and 153Eu targets furnished information about the effect
variations in deformation on the probability of isomer exc
tation.
2851 ©1998 The American Physical Society
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FIG. 1. (g,n) and (n,g) reactions on europium isotopes. Half-life, spin and parity, and quadrupole deformation~in italic! of each state
are shown.
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II. SPECTROSCOPIC PROPERTIES OF Eu ISOTOPES

The spectroscopic features of the ground and isome
states of150Eu, 151Eu, 152Eu, 153Eu, and154Eu nuclei@8# are
illustrated in Table I, which displayed their level energy,EL ,
g radiation energyEg , intensity of theg line, conversion
coefficienta, nucleon configurations, spectroscopic quad
pole momentsQs @9#, and the corresponding values of th
deformation parametersb2 . The ground states of the odd
even nuclei were thed5/2 one-particle proton state for th
spherical151Eu nucleus and the@413#5

2 one-particle proton
state for the deformed153Eu nucleus. In the odd-odd nucle
ic

-

the configurations of the ground 32 and isomeric 82 levels
were determined by these proton states, and by thef 5/2 neu-
tron state for the spherical150Eu nucleus and by the@505#11

2

neutron state for the deformed152Eu and 154Eu nuclei. In
addition, the 02 isomeric level in152Eu had a different con-
figuration: this level received contributions from the@411# 3

2

proton state and the@532# 3
2 neutron state, which were forme

as the result of the splitting of thed3/2 and f 7/2 one-particle
states, respectively. That the ground and isomeric 02 levels
in 152Eu have substantially different configurations was t
reason why the radiative transition between them w
strongly suppressed. This transition was not observ
TABLE I. Spectroscopic features of ground and isomeric states of Eu isotopes.

Isotope
EL

~keV!
Eg

~keV!
I g

~%!
a

~%!
Nucleon

configuration
Qs

~b! b2

150Eug 0 334.0 94.0 3.2 p(d5/2)1n( f 5/2) 1.13~5! 0.11~1!

349.4 78.68 1.2
150Eum 42.1 334.0 3.9 1.9 p(d5/2)2n( f 5/2) ~0.10!

406.5 2.77 3.2
151Eug 0 st. p(d5/2) 0.903~10! 0.13~1!
152Eug 0 121.8 28.37 110 p@413# 5

22n@505# 11
2

2.54~22! 0.29~3!

964.1 14.63 ,1
152Eum1 45.6 121.8 7.2 110 p@411# 3

22n@532# 3
2

~0.19!

841.6 14.59 ,1
152Eum2 147.8 89.8 72.36 34 p@413# 5

21n@505# 11
2

~0.29!
153Eug 0 st. p@413# 5

2
2.412~21! 0.32~1!

154Eug 0 123.1 41.2 115 p@413# 5
2 2n@505# 11

2
2.84~10! 0.33~2!

1274 35.5 ,1
154Eum 160 68.2 37.2 0.7 p@413# 5

2 1n@505# 11
2

~0.33!

100.9 25.3
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and a lower limit on the reduced probability of theM3 tran-
sition was 1027 one-particle units.

In Table I the deformation-parameter values obtain
from the spectroscopic quadrupole moments underwen
sudden change when going from151Eu (N588) to 152Eu (N
589). In the isomeric 02 state of 152Eu,Qs50, did not
allow the determination of the quadrupole-deformation
rameter. However,b2 was estimated by using the isomer
shift of optical lines in the spectra of atoms or ions. Th
quantity was measured by resonance laser fluorescence@10#.
The measured shift led to a difference of nuclear charge r
in the isomeric and ground states ofD^r 2&
50.265(25) fm2. If the assumption that the volumes of n
clei in the ground and isometric states are equal, this valu
D^r 2& corresponded toDb2>0.1, which yieldedb2>0.19
for the 152Eu nucleus in the isomeric 02 state.

Thus, the ground and the isomeric 02 levels of the152Eu
nucleus were characterized by markedly different values
the quadrupole-deformation parameter. It is conceivable
these two levels were populated through different system
excited states, in which case the isomeric ratio could be
ferent for the spherical and deformed target nuclei in
reactions under study.

By analogy with the 02 level in 152Eu, it was assumed
that the corresponding level in150Eu was characterized by
small deformation~close to the ground-state deformation!.
At the same time, the isomericI p582 levels in 152Eu and
154Eu appeared to have a strong deformation, since they w
formed from the same Nilsson proton and neutron confi
rations as the ground states. The estimates obtained in
way for the quadrupole-deformation parameters were a
presented in Table I~in parentheses!.

III. EXPERIMENTAL PROCEDURE

The IRs in the (g,n) and (n,g) reactions in question wer
measured by using an electron beam extracted from
MT-25 microtron of the Flerov Laboratory of Nuclear Rea
tions at JINR, Dubna@11#. This electron beam was th
source of both bremsstrahlung photons and neutrons
cooled tungsten disk, 2-mm thick, served as a bremsst
lung producing target. A 30-mm-thick aluminum absorber
electrons was arranged downstream of the disk. The en
of electrons was determined on the basis of the magne
field strength, measured by the NMR method, and the
quency of the accelerating electric field. The bremsstrahl
target was simultaneously employed for the collector of
electron current, which was measured by an electric-cha
integrator.

To obtain neutrons, the electron beam was directed
converter~uranium cylinder surrounded by beryllium!. Be-
ryllium also generated neutrons at the expense of theg rays
scattered by uranium and served as a neutron moder
This uranium-beryllium converter was placed within a 1
31203120 cm3 graphite cube, which served as a main ne
tron moderator. The thermal-neutron flux at the center of
cube was 43108 neutron/~s cm2! at an electron energy of 2
MeV and a current of 20mA.

Irradiated Eu2O3 samples of natural isotopic compositio
or enriched in153Eu had a weight of 100 mg and a surfa
area of 1 cm2. Exposures to bremsstrahlung photons w
d
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performed for end-point energies in the range 13–22 M
with an energy step of 1 MeV, the mean electron curr
being 15mA. An exposure time of 1 h ensured sufficient
induced activity both for the ground and for the isome
state. The half-lives of the radioactive nuclides under stu
were measured in a number of studies. Sample counting
was determined by the need for adequate statistics.

The same samples were also irradiated by neutrons for
in the graphite cube at a distance of 40 cm from its center~at
this point, the cadmium ratio was 2.5!. To take into account
the contribution of resonance neutrons to the yield of
isotopes, similar exposures were performed with samp
shielded by a 2-mm-thick cadmium foil. Eu isotopes orig
nating from the (g,n) and (n,g) reactions in the ground an
isomeric states were identified by theirg radiation and by
their half-lives ~the features of the radioactive decay of E
isotopes were presented in Fig. 1 and Table 1 from Ref.@8#!.
The g spectra of the samples subjected to irradiation w
measured by using a Ge~Li ! detector with a fiducial volume
of 60 cm3. The energy resolution of this detector was 3 ke
for the 1332-keVg line of 60Co. Figure 2 illustrates one suc
spectrum displaying theg lines presented in Table I. Th
spectra were processed with theACTIV code@12#, which per-
mitted the separation ofg lines with close energies in com
plicated spectra.

IV. EXPERIMENTAL RESULTS

Some preliminary experimental results of these meas
ments were described in Ref.@13#. Here the results were
compared with theoretical calculations from other public
tions.

The measured intensities ofg lines made it possible to
determine the absolute yields of Eu nuclei in the ground a
isomeric states from the above photon- and neutron-indu
reactions and the isomeric ratios as functions of the e
point energy of the bremsstrahlung spectrum or of nucle
excitation energy. By the IR in the (g,n) reaction, the ratio
of the yields for a given end-point energy of the bremsstr
lung spectrum is meant. For (n,g) reactions, this quantity

FIG. 2. g spectrum obtained upon irradiating an enriched153Eu
~99.4%! target by bremsstrahlung with end-point energy Eg max

515 MeV ~the exposure time was 1 h, the cooling time was 12
and the spectrum-acquisition time was 15 min!.
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was defined as the ratio of the cross sections. The rela
between the areas under theg peaks corresponding to th
isomeric and ground states (Sm andSg , respectively! and the
IR were determined by the equation

IR5
Ym

Yg
5Flgf m~ t !

lgf m~ t ! S Sg«mI m~11ag!

Sg«mI m~11am!
2p

lg

lg2lm
D

1p
lm

lg2lm
G21

, ~1!

where the indicesm andg refer to the isomeric and groun
states, respectively,« is the detection efficiency for theg line
being investigated,I is its intensity,a is the conversion ratio
l is the decay constant, andp is the probability of the tran-
sition from the isomeric to the ground state. The tim
dependent factorf (t) that took into account the accumula
tion and decay of nuclei was given by

f ~ t !5~12e2lt i !e2ltc~12e2ltm!, ~2!

where t i , tc , tm were the times of irradiation, decay, an
measurement. Because the isomeric and ground states
obtained in the same exposure run and because the req
quantities~yields or cross sections! were measured for them
under identical conditions, the errors associated with the
tensities of bremsstrahlung and neutron fluxes and with
geometry of exposures and measurements were eliminat
determining IRs.

The following difficulties had to be circumvented in me
suring the IRs in the reactions leading to the production
Eu isotopes.

~i! The half-lives of Eu nuclei in the ground and isome
states differed dramatically~by a factor exceeding 1000!. For
this reason, the intensities ofg radiation emitted by them
also greatly differed, so that measurements for an isomer
for a ground-state nucleus had to be performed either un
different geometric conditions or in different time interva
In addition, large corrections for isomer decay had to
introduced.

~ii ! The spectrum ofg radiation emitted by a mixture o
Eu isotopes and isomers was very intricate: there were
eral tens ofg lines in all, and some of them belonged both
the ground and to isomeric states. In view of this, it w
necessary to perform a thorough analysis of the spectrum
the intensities of theg lines under study as functions of time

~iii ! The cross sections for the reactions151Eu (n,g) that
were induced by thermal neutrons and which led to the p
duction of the Eu groundI p532 and isomericI p502 states
were large~6000 and 3150 b, respectively@14#!. When the
IRs for (g,n) reactions were measured, the contribution
thermal neutrons formed owing to the deceleration of n
trons from the bremsstrahlung target had to be corre
taken into account. For this reason, the Eu samples w
exposed to bremsstrahlung under conditions that reduced
thermal-neutron flux at the point of irradiation to the ma
mum possible degree. All the materials that moderated n
trons ~floor, walls, and absorber ofg radiation! were at a
distance greater than 1 m. The contribution to the yield
152Eum and 152Eug from thermal neutrons was determine
from the yield of the52V isotope (T1/253.7 min) produced
on
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in the reaction51V(n,g) at the maximum electron energy o
22 MeV. It was found to be less than 10%.

The measured IRs of the yields fromg,n reactions are
presented in Fig. 3 as functions of the end-point energy
the bremsstrahlung spectrum. The error in the absolute
ues of the IRs was 10%. The contributions to this error ca
from the statistics of events in theg peaks, from the uncer
tainties in the detection efficiency for photons and in t
intensity of the choseng transition in the decay diagram. I
the relative IR values, which determined the shape of
dependences of IRs on the excitation energy~Fig. 3! or were
used for comparison with the IRs in the reactions (n,g), the
last two uncertainties were eliminated, and the error in
IRs was reduced to 2%.

It can be seen from Fig. 3 that, for 02 levels, the IR
decreased with increasing energy ofg radiation, but that it
grew for 82 levels. The last correspondence agreed with t
obtained in Ref.@15#. In contrast, theY„82/Y(3)2

… ratio
increased strongly with increasing excitation. This chan
was more perceptible in the beginning of the curve. T
observed behavior of the IRs corresponded to the kno
regularities in their variations with increasing excitation e
ergy and angular momentum of the nucleus under study

The yield of 152Eum2 isomeric state as a function of th
bremsstrahlung endpoint energy was obtained from the m
surements of the ratios of the yields for the isomeric sta
and for the monitoring reaction. These dependences w
input data for the determining partial cross sections for
photonuclear reactions. One method that permitted the s
of cross sections for photonuclear reactions as a function
the excitation energy and nucleonic composition of nuc
employed the relative method of measurement. Here, m
sured quantities are normalized to a well-known cross s
tion taken as a reference. As in Ref.@16#, the cross section
for the reaction65Cu(g,n) 64Cu @17# was taken for the refer-
ence. An enriched~99.4%! 153Eu isotope was used as th
target material. To reconstruct the reaction cross section
interactive procedure for minimizing directed divergenc
was employed@18#. The step used in reconstructing the cro
section was 1 MeV. Figure 4 displays the excitation functi
for the reaction (g,n) leading to the152Eum2 high spin iso-
meric state. The same figure also shows the total ph

FIG. 3. The yield ratio dependence in (g,n) reactions on Eu
isotopes vs the maximum energy of the bremsstrahlung radiati
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PRC 58 2855DEFORMATION ON ISOMERIC EXCITATION OF Eu . . .
neutron cross section on the153Eu leading to the ground stat
@7#.

The IR measured for theI p502 isomer from the reaction
151Eu(n,g) 152Eu amounted to 0.52~1! for thermal neutrons.
This IR lay within known values ranging from 0.43@19# to
0.65 @20#. The spread in these IR values can to be explai
by uncertainties in the intensities of the measuredg lines
~different in each experiment! and by variations in the con
tribution to the observed yield from resonance neutrons.
the I p582 isomers from the reactions151Eu(n,g) and
153Eu(n,g), more estimates of the IRs, 731024 for 153Eu
and 331024 for 154Eu, were unobtainable because the yie
of these isomers were very low and because the backgro
of g radiation emitted in the decay of the152Eu isomer (I p

502) was intense. These estimates were in accord with
known values from Refs.@14,21#

V. DISCUSSION

All six reactions investigated here were divided into thr
groups according to the change undergone by the quadru

FIG. 4. Excitation function of the reaction153Eu(n,g)Eutot ~d!
and 153Eu(g,n)Eum2 ~m! in energy diapason from threshold to th
22 MeV. The curve is a spline curve fitted to the cross section d
Photoneutron cross section for the (g,n) tot was taken from Ref.@7#.
d

or

s
nd

e

ole

deformation as the initial target nucleus (151Eu or 153Eu) was
transformed into a final nucleus produced in the ground o
one of the isomeric states~with I p502 or 82).

~i! The deformation changed when the nucleus was p
duced in an isomeric state, but it remained unchanged in
ground state. This case was exemplified by the reac
153Eu(g,n) 152Eum (I p502).

~ii ! The opposite case was that the deformation did
change when the nucleus was produced in an isomeric s
but it changed when the nucleus was produced in the gro
state, as occurred in the reaction151Eu(n,g) 152Eu(I p

502).
~iii ! In the production of a nucleus both in the ground a

in the isomeric states, the deformation either underwent
change or change identical for the two states. This gro
included the reactions resulting in the production of152Eu
and 154Eu in isomericI p502 state because the deformatio
of the nucleus in these states was identical to that in
ground state.

If the change in nuclear deformation affected the pro
ability of isomer excitation, as is the case of spontaneou
fissile isomers~see above!, a reduction of this probability
could be expected for the reaction from the first group.
the same time, the probability of nucleus production in t
ground state would decrease for the reactions from the
ond group. As the result, the IRs for the reactions from
third group would be greater than the IRs for the reactio
from the first group and less than the IRs for reactions fr
the first group and less than the IRs for the reactions from
second group.

Table II displays the IRs for all reactions investigat
here; the groups to which these reactions belong
also indicated. In comparison, the results from Re
@14,15,19–22# are also presented. No expected depende
of the IRs on the group of reactions was observed. For
ample, it was noted for theI p502 isomer of 152Eu, the
deformation changed in the reaction (g,n) but not in the
reaction (n,g). The situation was reversed for the152Eu
ground state. However, instead of an IR value that w
smaller in the (g,n) reaction than in the (n,g) reaction, the

a.
TABLE II. Isomeric ratios in (g,n) and (n,g) reactions.

Reactions I m
p Group

E*
~MeV! IR Calculation

151Eu(g,n)150Eu 02 3 3.5 2.10~5!

5.0 1.53~3! 0.65
151Eu(n,g)152Eu 02 2 6.31 0.52~1! 0.19

0.53~2! @12# 0.47 @15#

0.43~6! @14# 0.12 @24#

0.65~1! @15# 0.11 @25#

0.54~2! @17#

82 3 6.31 0.0007~2! 0.0015
153Eu(g,n)152Eu 02 1 2.5 0.68~1!

4.0 0.57~1! 0.20
82 3 2.5 0.0029~1!

0.0040~4! @13#

4.0 0.0071~2! 0.025
153Eu(n,g)154Eu 82 3 6.44 0.00031~3!
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opposite was observed. For reactions in which the final
clei in isomeric and ground states had close values of
deformation parameter~reaction leading to the production o
an I p582 isomer!, nearly equal values of the IRs were e
pected. However, the IR values were markedly different
different reactions and for different final nuclei~see Fig. 1!.

To some extent, the observed variations in the IR val
can be associated with distinctions between the excitat
energy and angular-momentum distributions of the fi
nucleus prior to the photon cascade populating the isom
and ground states. These distributions, were formed u
neutron capture in (n,g) reactions. As to (g,n) reactions, the
formation of the excitation-energy and angular-moment
distributions occurred following neutron emission from
excited nucleus produced as the result of photon absorp
In the latter case, the energy distribution was comparativ
broad because of the bremsstrahlung spectrum ofg radiation.
For instance, Fig. 5 showed the distribution of excitati
energy of residual nuclei for the reaction153Eu(g,n)152Eu,
assuming that the endpoint energy of the bremsstrah
spectrum was 22 and 15 MeV. The mean value of this d
tribution was determined by the equation

E* 5Eeff2Bn2«n , ~3!

whereEeff is the effective excitation energy,Bn is the neu-
tron binding energy, and«n is the kinetic energy of the neu
tron escaping from the nucleus. A peculiarity of phot
nuclear reactions with the bremsstrahhlung lay in the f
that in the process of photoexcitation, theg quanta both with
the minimum energy and with the energy equal the ma
mum electron energy were involved. Thus the energy ce
of gravity was determined by the ratio

Eeff5
*Eth

EgmaxEs~E!N~E,Eg max!dE

*Eth

Egmaxs~E!N~E,Eg max!dE
, ~4!

wheres(E) is the cross section for the absorption of a ph
ton with energyE by a nucleus andN(E,Eg max) is the num-
ber of photons with energyE in the bremsstrahlung spec

FIG. 5. Excitation-energy distribution of152Eu nuclei~1! in the
(n,g) reaction upon neutron capture and~2 and 3! in the (g,n)
reaction upon neutron emission at bremsstrahlung end-point e
gies of 22 and 15 MeV, respectively.
-
e
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s
n-
l

ric
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g
-

-
t

i-
er
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trum. In these calculations, the known excitation functio
for the photonuclear reactions featuring151Eu and153Eu @7#
were employed. The experimental kinetic energy spectra
neutrons with a mean energy of 1 MeV@23# and the brems-
strahlung spectra used in the experiments were reported
@24#.

The angular-momentum distribution of nuclei followin
neutron emission in the (g,n) reaction was calculated b
using the optical potential for neutron-nucleus interact
@25# and the parameters that described the statistical pro
ties of levels in Eu isotopes@26#. For the above reaction an
under the same conditions, the distribution is presented
Fig. 6.

From the comparison of these distributions for the tw
reactions, the mean angular momentum of an excited nuc
in the (g,n) reaction was equal to the nuclear spin af
neutron capture (I 53), the corresponding distribution bein
comparatively broad~the half-width isDI;3). At the same
time, the mean excitation energy was markedly lower eve
the highest end-point energy of the bremsstrahlung spect
~the values of the angular momentum and excitation ener
are presented in Table II!.

To assess the effect of these distributions on the IRs, th
ratios were calculated on the basis of the statistical mode
using theEMPIRE code @27# with parameters describing th
level density as a function of energy and angular momen
for excitation energies higher than 1 MeV (a521 MeV21

er-

FIG. 6. Angular-momentum distribution of152Eu nuclei. The
lower plot shows the results for the (n,g) and (g,n) reaction at the
excitation energies indicated in Fig. 4. The upper plot presents
tributions obtained on the basis of~solid curve! the statistical model
and ~vertical bars! the known energy-level diagram~the excitation
energy is indicated for each distribution!.
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ands54.8 @26#!. In the regionE,1 MeV, the energy-level
diagram known from the photon spectra measured follow
neutron capture was used@19,21#. For 152Eu nuclei, the two
angular-momentum distributions of levels are presented
Fig. 6. The IRs calculated in this way and results of simi
calculations from@28–30# are presented in Table II.

Comparison of the experimental and calculated I
showed that for the two reactions and for the above par
eter values, the calculation correctly reproduced the dep
dence of the IRs on the excitation energy. However, it led
the underestimated IR values for theI p502 isomer and to
the overestimated values for theI p582 isomer. The same
feature of the IR for the 02 isomer in 152Eu excited in the
(n,g) reaction was also noted in Refs.@28,29#. In all prob-
ability, the experimental values of the IRs could be explain
by an excitation energy. In Fig. 6, as the excitation ene
decreased, the spin distribution was shifted toward low
values. Moreover, an investigation of the reacti
180Tam(g,g8)180Tag in Ref. @30# revealed that a considerab
contribution to the population of the low-spin isomers ca
from the levels of the rotational band built on the isom
state.

The calculations for the 02 isomer in152Eu also demon-
strated that the lower excitation energy and the broader
distribution in the (g,n) reaction in relation to the IR value
were insignificant~from 0.19 to 0.22!. At the same time, for
the 82 isomer in 152Eu, the broader angular-momentu
y

uc

ys
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spectrum in the (g,n) reaction led to a sizable growth of th
IR and this conclusion was confirmed by experimental da

The different behavior in Fig. 3 could be explained b
statistical theory. For example, IRs of high to the low sp
increased with increasing excitation energy. In contrast,
low spin to high spins, IR decreased with increasing exc
tion energy. More activation levels with high spin were e
cited in the last case when incident energy increased.
example, 15 to 22 MeV coincided to both 2.4 and 3.7 Me
mean excitation energy after one neutron emission. This
to the increased high spin yield and, as a consequence
creased IR.

Thus, this investigation showed that for the Eu isotop
deformation affected slightly the probability of isomer pop
lation in (g,n) and (n,g) reactions. In contrast to spontan
ously fissile isomers, the change undergone here by the
formation as the initial nucleus transitions into the final-st
nucleus was overly small (Db;0.1) to result in a strong
suppression of radioactive transitions between levels cha
terized by different nuclear deformations.
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