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Population of isomers in the decay of the giant dipole resonance
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The value of an isomeric ratidR) in N=_81 isotones 'Ba, *Ce, *'Nd, and'**Sm) is studied by means
of the (y,n) reaction. This quantity measures a probability to populate the isomeric state in respect to the
ground state population. Iny(n) reactions, the giant dipole resonai@DR) is excited and after its decay by
a neutron emission, the nucleus has an excitation energy of a few MeV. The forthcerdeway by direct or
cascade transitions deexcites the nucleus into an isomeric or ground state. It has been observed experimentally
that the IR for'®Ba and**%Ce equals about 0.13 while in two heavier isotones it is even less than half the size.
To explain this effect, the structure of the excited states in the energy region up to 6.5 MeV has been calculated
within the quasiparticle phonon model. Many states are found connected to the ground and isomeric states by
E1l, E2, andM1 transitions. The single-particle component of the wave function is responsible for the large
values of the transitions. The calculated value of the isomeric ratio is in very good agreement with the
experimental data for all isotones. A slightly different value of maximum energy with which the nuclei rest
after neutron decay of the GDR is responsible for the reported effect &k ttependence of the IR.

PACS numbds): 23.20—g, 21.60-n, 27.60:+]j

[. INTRODUCTION Recently, essential progress in isomer photoexcitation has
been achieved by using bremsstrahlung radiation at low val-
Considerable interest in the structure of the states at interses of an end-point enerd§—9]. The isomer yield in spheri-
mediate excitation energy in atomic nuclei has arisen reeal nuclei as a function of the end-point energy was found to
cently [1-10]. The states are excited via different nuclearhave a linear dependence in the energy interval of about one
reactions and the deexcitation populates the low-lying exMeV, the line then breaks, and another linear dependence for
cited states that have a simple structire The study of the  one MeV takes place. This effect received its theoretical in-
electromagnetic transitions coupling low-lying states withterpretation as follows: A level or a group of closely lying
those having intermediate energy reveals a delicate interplagvels with very specific properties are located at the line
between the main excitation modes in atomic nuclei—singlebreak. The wave function of these excited states includes
particle and the collective ong§]. configurations which allow their intensive excitation from
Isomers have been known for more than 50 years anthe ground state while some other configurations are respon-
during this period very precise spectroscopic informationsible for a cascade decay from these levels at intermediate
about their properties has been obtaifsek, e.g., the review energies which lead to the isomeric stpée-9]. Usually the
article [1]). They have relatively low excitation energy and maximum value of the end-point energy in these bremsstrah-
total angular momentund;s,, which is very different than lung experiments is 4-4.5 MeV.
the angular momentum of the ground stalgs. Due to An alternative way to populate the isomeric states is of-
these specific properties, their electromagnetic decay into thiered by the ¢,n) reaction, applying the end-point energy of
ground state is strongly hindered and they are characterizetie bremsstrahlung radiation from 10 to 25 MeV. In this
by a half-life from ms to years depending on the value ofreaction the giant dipole resonan@DR) is initially ex-
|Jiso—Jgsl- The nuclear isomer population is studied by cited. The main mechanism of its decay in the heavy nuclei
means of ¢,y'), (n,y), (y,n), (n,2n) reactions an¢B de- s related to the neutron emission. The nucleus rests with the
cay. The different nuclear reactions show the contribution okxcitation energy of 5—7 MeV and decays pytransitions
the single-particle and the more complex components in thento the isomeric and ground states. Since the excitation en-
structure of their wave function. ergy of intermediate states reached in this reaction is rela-
tively high, the statistical approach is usually used for a the-
oretical interpretation of the decay procesgl1-13.
*Present address: Vakgroep Subatomaire en Stralingsfysica, Uni- In the present paper we present the experimental results
versiteit Gent, Proeftuinstraat 86, 9000 Gent, Belgium. for the population ohy4, isomers inN=81 isotones in the
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(7,n) reaction. It will be reported that & ,=25 MeV the 10° F
isomeric ratio(IR) equals 0.12, 0.14, 0.06, and 0.046 in i
13783, 13%Ce, *INd, and **3sm, respectively. All these nu- .
clei have identical spins and parities in their isomeric and ' F
ground states. Therefore, the IR should not be affected by i
such factors as the difference between the spin of the iso<2t
meric J™=11/2") and ground statesJT=3/2"). More-
over, the isomeric levels for the isotopé¥Ce, !Nd, and i
1435m have an energy on the order of 755 and 661 keV inx ¢ L
137Ba. It is clear that it is not possible to explain the differ- ook
ence between two lighter and two heavier nuclei by statisti-2
cal properties of intermediate states without additional as-O 10
sumptions. It means that the structure of the excited states i i
important even at these excitation energies, and it should bt
accounted for. For this reason, a microscopic calculation o 300 1000 1500 2000 2300 3000 3500 4000
s_hould b_e a_pplied to explain thredependence of the isomer CHANNEL NUMBER
yield which is experimentally observed. For that purpose, we
employ the quasiparticle phonon mod€PM) which has FIG. 1. y-ray spectrum measured after activation'$fSm tar-
already been successfully applied to the interpretation of thget by bremsstrahlung radiation with endpoint enefgy =25
isomer population from the intermediate states at lower enMeV. The y-lines used in the data analysis are indicated for the
ergies[6-9]. isomeric and ground states.

The structure of the states at intermediate excitation en-
ergy is rather complex. The interplay of the simple collectivemeasured continuously during the experiment. The energy of
and the more complex modes leads to the fragmentation dhe electron beantand the upper boundary of the brems-
the simple excitations. The experimental data as well as thestrahlung was changed by two methods: the choice of the
oretical calculations reveal the spreading of the simplgroper electron orbit and the tuning of the magnetic field.
modes in a wide energy region, where large fluctuations in The oxides of the studied elements, BaO,Qg Nd,O3,
strength are obtained. A convenient approach to describe trend SmO;, were irradiated by the bremsstrahlung spectrum.
fragmentation is based on the doorway pictiié,15. This  They have a weight of-100 mg, a surface areal cnt,
approach incorporated in the QPM permits the description odnd were enriched by the studied isotope up to 93%. The
different processes, where excited states with intermediateradiation time was 10 min for each target. The irradiation
energy are includedy decay[16], nucleon emissiol7],  flux was monitored by Cu activation foils that were irradi-
etc. ated simultaneously with the samples. About one min after

The paper is organized as follows. In Sec. Il some detailshe end of irradiation, the residual activity from the isotones
of the (y,n) experiment are discussed and the experimentasamples and Cu monitor, were measured separately by a cali-
results are presented. A theoretical treatment of the)  brated 60 cri Ge(Li) detector with an energy resolution of
reaction is given in Sec. lll. In Sec. A we discuss the AE=2.5 keV forE, = 1332 keV of ®Co. The detector was
mechanism of the reaction while details of the nuclear struceperated in a lead shielding chamber lined with a 10 cm
ture calculations in odd mass nuclei within the QPM arethick wall. Measurements have been repeated to determine
given in Sec. llIB. The results of numeric calculations areexperimentally the half-life of the radioactive nuclides under
discussed in Sec. IV in comparison with the experimentaktudy. The spectra were processed according toatiav
data. code, which permits separatinglines with close energies in
the complicated spectrum. Figure 1 shows one of the mea-
sured y spectrum obtained upon irradiating an enriched
144sm isotope by bremsstrahlung with an end point energy of

The measurements of the IR were performed on the ele25 MeV. They lines corresponding t@-y decay of unstable
tron accelerator microtron MT-25 of Flerov Laboratory of **3Sm in the ground and the isomeric states iftéPm are
Nuclear Reactions, JINR. The description of this microtronclearly seen in the spectrum.
and its main parameters were published eaflidr The es- The IR is determined by the ratio of the measured nuclei
sential advantage of this accelerator is the small energyields in the isomeric and the ground state,
spread of the accelerated electrd86—40 keVf at the high

511 keV

754.4keV '™ Sm
1056.6 keV 0 Sm
1173.2keV ¥ Sm
1243.0keV '8 Sm
1403.1 keV '** Sm
1515.0 keV "¢ Sm

S PER CH

Il. EXPERIMENTAL RESULTS

beam intensityfup to an average power 600)\Wr'his allows Y(Evma)m
measurement of the cross sections of the studied nuclides IR= YE, ). 1)
production at the strictly definite end-point energy. yma)g

The electron beam extracted from the accelerator chamber o . _ _
was focused by using the quadrupoie lenses and directing Where the indicesn andg are attributed to the isomeric and
on the stopping target, which consisfsao2 mmthick tung- ~ ground states, respectively, is the yield of isomeric or
sten disk cooled by water. The electron spot on the targeground state, ande, ~ is the maximum endpoint energy.

was about 5 mm. The mean current on the target2Ovas  The ratio of the yield is connected with the areas undenthe
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peaks corresponding to the isomeric and ground sta&gs ( PPN I S B B A s
andS,, respectively by the equation —0—CS$ —=— R
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where « is a conversion coefficient oy radiation,! is the g loos B
- . . . 10 0% B
probability of they-ray emissione is the efficiency of the & =
Ge(Li) detector for the correspondingline, \ is the decay dooa
constant,p is the probability of the transition from an iso- \,\ ]
meric to a ground state, and the time facf¢t) that takes °r fme—e—e—e |2
into account the accumulation and decay of the nuclei is P T N T S T S R
given by 10 12 14 16 18 20 22 24 2

PHOTON ENERGY (MeV)

f(t;,te,tm) =(1—e Mli)e rale(1— e Motm), 3
(tite tm) =( ) ( ) ) FIG. 2. Measured cross section for the reaction

and *Ba(y,n)**™Ba as a function of bremsstrahlung end-point en-

wheret;, t., andt,, are the times of irradiation, decay, . _ I ' _ : _
y. The isomeric ratio is plotted with the right-hand side axis.

measurement. Because the isomeric and ground states wé'd

obtained in the same exposure run, and because the required

quantities(yields or cross sectiopsvere measured for them of a residual nucleus in which photons that result in the

under identical conditions, the errors associated with the inpopulation of the isomeric state occur.

tensities of the bremsstrahlung flux and the geometry of ex- The IR atE, =25 MeV are presented in the Table I.

posures and measurements were eliminated in the determithe values of these IR are in accordance with the previous

ing IRs. results[2,4], but they are more precise. We have also added
The nuclei produced in+,n) reactions are radioactive the IR for 1*!Nd and **3Sm from theg decay of***Pm and

both in the ground and isomeric statexcept'*Ba). There- 143y, respectively. They are obtained from the analysis of

fore it was possible to determine the yields of studied nuclethe decay schemes df'Pm and'*Eu[19].

in the ground and isomeric states simultaneously by measur-

ing the intensity of the emitteg-radiation using Eq(2). For

13'Ba the IR determination by direct method becomes im- Ill. THEORETICAL TREATMENT OF THE ISOMER

possible for the lack of the appropriaelines in the ground POPULATION IN (y,n) REACTIONS

state. Thus, the possibilities of isomer production*®f"Ba

isomer via (y,n) reactions were investigated at enerdigs

=10-25 MeV. The yield of'*™Ba was compared with the

The process of the isomer population i §) reactions is
rather complex and may be split into a few stages. In the first
yield of monitoring reaction. The cross section for the reac-St29e, th? GD.R is excited by bremsstrahlung radiation. In the
tion 53Cu(y,n)®2Cu measured in a beam of quasimonochro-second’ it quickly decays into the cor_npound nucleus. Next,
matic photons was taken as the reference ffa8]. Recon- the compound nucleus decays by emitting of neutrons, leav-

struction of reaction cross section, employing an iterativ ng the (A—1) nucleus with an excitation energy of a few
procedure, was depicted in our previous pagr Figure 2 eV. In the Iqs_t sta'ge, the 'nucleu.s deexcites by d|rept or
displays the cross section foryn) reactions with produc- cascadey transitions into the isomeric or ground state. Since
tion of the ¥¥™Ba isomeric state. In order to determine IR,

the ®"™Ba cross section was subtracted from the total TABLE I. The calculatedQPM) isomeric ratio for ¢/,n) reac-
13M+983 cross sectiofil8]. Thus, in the case of’Ba, the  tion andp decay in comparison with the experimental res(Esp).

IR was defined as a cross section ratio. The values of thede IS the maximum energy of intermediate states reached in every

IR are in accordance with the previous res{izs3]. The IR reaction.
dependence on the end-point energy is also given in Fig.

Three main regions of IR behavior are recognized. The firsteaction E*, Mev Isomeric ratio
region is from the neutron threshold to a maximum in the Exp QPM Exp QPM
photoabsorption cross section where the IR increases¥ga(y,n)l3Ba 5.4 54 0.101) 0.10
sharply. In the second regiofirom 16 to 21 MeV of the 10Ce(y,n)3%Ce 48 48 0.14) 0.11
high-energy tail of the GDR, the IR changes slightly. Above 12Nd(,n) 4INd 4.2 4.2 0.061) 0.05
21 MeV where the GDR tail becomes very weak, the |R144Sm(y,n)1438m 35 35 0.047 0.051
turns out to be practically constant. Since the spin and_pant){AaE B zg 456 46 0.009 0.007
of a compound nucleus does not chargeis always 1 u—="om

after dipole absorption the observed increase in the IR is l4lpmﬂ14lNd 5.1 5.1 0.01 0.01

due to the enlargement of the interval of excitation energies
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the width of y decay strongly decreases with an increase of TABLE Il. The experimental values of; () for different an-
the multipolarity, the decays are mainly dueBa, M1, or ~ gular momentum of the emitted neutron with the energy=1
E2 transitions. The excited states of the nucleus at intermeMeV.

diate energies, via which the isomers are populated, are
called activated state\Ss). The specific properties of the 1=0 =1 =2 =3
ASs are the following: First, due to th_eir total angu_lar mo- 0.55 0.33 0.05 0.006
mentum and some components of their wave function, they
tend to decay into the isomer than into the ground state.

Secondly, the ASs should be excited themselves. The IaﬁhereEth is a threshold energyz-(Ey) is the cross section
depends on the nuclegr reactio_n considered. For example, {Br the absorption of a photon with ener@y, by a nucleus,
bremsstrahlung experiments with the end-point energy of gnqg N(E,,E, ) is the number of photons with energy,

few MeV, the AS state must have a total angular momentun, the bremsstrahlung spectrum. The experimental kinetic

notkvetrr)]/ Q|ﬁ(=ire|;1t from thtc_)se Of.:hf groqtr;]dl state 'Ir;.or?erttoenergy spectra of the neutrons with a mean energy of 1 MeV
make their electromagnetic excitation with low mullipofanty \,qare " ;sed. The maximum excitation energy of the residual

from the ground state possible. If/(n) reaction is applied, lei L ;
: : ; i r,n)r ion is presented in Table I.
the ASs should have the total spin close to 1 since emltteguce after ¢,n) reaction is presented able

neutrons in the GDR decay tend to take away a small angular
momentum. Thus, in principle, different ASs may be in-
volved in the population of isomers in the different nuclear The main features of they(n) process are discussed in
reactions. Ref.[20]. The cross section fory,n) reaction with a popu-
To some extent, the observed variations in the IR valuefation of the isomeriqground state may be schematically
can be associated with the distinctions between the excitationritten as
energy and the angular momentum distributions of the final
nucleus prior to the photon direct or cascade decay populat- _ P|jriso(g.s.)
ing the isomeric and ground state. Ir,Q) reactions, the Tiso(gs)~ T0Fn T T
excitation energy and the angular momentum distributions
are determined by neutron emission from an excited nucleughere o is the photoabsorption cross section which de-
produced as the result of photon absorption. The angulagcribes the GDR excitation with formation of a compound
momentum distribution for the reactiory(n) on Ba, Ce, Nd, nucleus and’is,, I'ys, and @'y, are y widths for decay to
and Sm isotopes are similar. In this process, the neutron isomeric, ground state, and total decay width, respectively.
emits from the state of an initial nucleus with spin and parity A relative probabilityPH of emission of a neutron with
1~ (dipole absorptionis followed by the population of the spinj and angular momentuihnis given by the relation
residual nucleus state with a spin 3/Zground statg or

A. Reaction mechanism

(6

11/2" (isomeric statge When the isomer population is such i O'H
that all the nuclei under study are characterized by equal Po=—"——— )
spins at each steps of the reaction, the IR is determined by Z a'n'

the excitation energy with which the nuclei rest after neutron 1
decay. In the latter case, the energy distribution was com- L . o
paratively broad due to the bremsstrahlung spectrum o the The quan?ltycrn. IS the cross section of the_ emission of
radiation. The width of this distribution is mainly defined by Neutron with spirj and angular momentunwith formation
the photoabsorption Lorentzian curve which is very similar®f @ nucleus with momentumand projectiorM and is equal
to the studied isotones. The mean value of the excitatiof®
energy distributiorE* equals )
|I_EMT J/O J/\]M 2 8

E*:Eeﬁ_Bn_snv (4) Un_kz 2 Ij(8)|(J ' m|J ’ )| ' ( )
whereEg is the effective excitation energg,, is the neu-  where (J’;0m|jJ’;JM) is a Clebsch-Gordan coefficierd,
tron binding energy, and, is the kinetic energy of the neu- is the spin of the compound nucleus; neutron wave number is
tron escaping from the compound nucleus. A peculiarity ofdenoted byk, the quantitiesT;(e) are the neutron penetra-
the photonuclear reaction with a bremsstrahlung radiation ifions. The energy corresponds to the average energy of the
related to the fact that the whole bremsstrahlung spectrum isvaporated neutron from the compound nucleus. The experi-
involved in the process of photoexcitation. The energy cenmental values of the factor§;;(¢) ate=1 MeV are pre-
troid is determined by the ratio sented in Table Il. At this energy, the neutron could carry an
angular moment=0, 1, 2, and 3 3]. The probabilities for
=4 are very small and may be excluded from the consider-

Eymax
fEm Ey U(EV)N(EV’EVmax)dE“/ ation. In the actual calculation the GDR energy centroid has

N a— , (5)  been taken from Ref18] and its width has been neglected.
f ymaxo(Ey)N(Ewa )dE, Combining Egs(6)—(8) [21], the ratiooiso/ oy s for the
Etn me (,n) reaction reads
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PR cedure for the approximate treatment of the Pauli principle
Eﬁ (23, + 1)Tlljl(8)§ (CJT) FJT_,iSO corrections has been proposed in R&fL]. It is applied to
Tiso _ 9) the present calculations.

s 9 9 It should be noted that the wave functi¢ii) describes in
’ zﬂz (2d+ l)T'sz(s)Eﬁ: (CJ;T’)ZFJ;T,—@.S. detail the distribution of the single-particle component while
K the distribution of the “quasipartickephonon” components
could be more affected by including ‘“quasiparticle
®two-phonon” configuration$14,15. As demonstrated be-
low in actual calculation, the transitions between quasiparti-
X ; ¢ cle components of the decaying intermediate and final states

for the & 3tate W'tg momentum and parity” of the final  5re mainly responsible for the population of the isomeric and
nucleus;l'y» i, (= o) are the partial widths for the  4ound states in+,n) reaction. For this reason, the wave

decay of the statd™ to the isomeric(ground state. The  fynction in the form of Eq(11) should be considered as a
value of '} includes, in principle, the all unknown cascadesgitable one to describe the process.

wherej, ;) andly, are the moments of the emitted neutron
from the compound nucleug,)=|l12)*1/2 and J;,
=J1yt1, the quantities((:f)2 are the spectroscopic factors

which the intermediate statE” undergoes. Only the directy decays of the intermediate states of the
~ The partial widthsl" are connected with the correspond- resiqual nuclei into the ground and isomeric states have been
ing reduced transition probabiliti¢20] accounted for in the present studies. The lowest excited
states of semimagic even-even nuclear core of isotopes under
Cyryo (AN ~E2FIB(ANIT—1 ™), (100  consideration have an excitation energy from 1.4 to 1.7

MeV. This means that only a few ‘“quasiparticle
where B(X\) are the reduced transition probabilities in ®three-phonon” and a very limited number of “quasiparti-
eZ fm?2\ for the electric and imﬁ fm?*~2 for the magnetic ~ cle® two-phonon” configurations are available up to an ex-
transitions; the quantitf is the y-quanta energy. citation energy of 5.4 MeV. Thus, a configuration space for
the cascade decays is very small and the direct decays should
play a predominant role.

The Woods-Saxon potentidl(r) is used for the mean-

Nuclear structure calculations have been performedield part of the QPM Hamiltonian with parameters from
within the QPM(see, e.g., Ref$14,15,22—-27. This model  Refs.[32,33. The corresponding single-particle spectra can
has already been used in spectroscopic studies of odd nucle¢ found in Ref[14]. The residual particle-hole interaction
over a wide mass regiofl4,15. The application of the is taken of separable form in coordinate space with radial
model in the case of isomeric states is described in detail iform factor asf(r)=dU/dr. The strength of the residual
Refs.[6—9]. This model makes use of a separable form of theinteraction is adjusted to reproduce in one-phonon approxi-
residual interaction which enables the diagonalization of thenation the experimental energies and transition probabilities
model Hamiltonian in a large dimensional configuration[34] of the lowest collective levels in the neighboring even-
space. even nucleus for each™. The phonon basis is obtained by

The following wave function describes the ground andsolving the QRPA equations. The coupling matrix elements
excited states of the odd nucleus with angular momentum petween quasiparticle and “quasipartiglphonon” configu-

B. Structure of excited states in odd nuclei

and projectionM: rations are calculated using the internal fermion structure of
the phonons and the model Hamiltonian with all parameters
pi,=c? a;M+2 D}\'(Jﬁ)[a;mQ;\rm]JM . fixed from the calculations in the even-even core.
A In the calculations presented below we have u&éd
(1) =1*, 2%, 37, 4%, and 5 phonons in the wave function

(11). Several roots for each multipolarity are taken into ac-

The notationafm is the quasiparticle creation operator with count. The maximum energy of “quasipartici@honon”
shell quantum numbens=(n,l,j) andm; Q)J\r,ui denotes the configurations included in Eq11) equals 12 MeV.
phonon creation operator with the angular momentum The used effective charges are: fBd transitionseby
projectionu and RPA root numbeir ¥, is the ground state = (N/A)e and ely= —(Z/A)e to separate a center of mass
of the neighboring even-even nucleus afdstands for the motion; “free” values forE2 transitionse"=0 andeP=1
number within a sequence of states of givén Coefficients ~ because our single-particle basis is rather complete; and for
cy and Dj“ are the quasiparticle and *“quasiparticle M1 transitions the effective spin °gfactor is g4
®phonon” amplitudes for the) state. =(0.8)g5ce- The last value often has been used in the past in

The coefficients of the wave functidil), as well as the QPM calculation of magnetic momen{&9], low energy
energy of the excited states, are found by diagonalization ofmagnetic transition§28], and excitation probability o1
the model Hamiltonian within the approximation of the com-and M2 resonancef30] in medium and heavy nuclei. The
mutator linearization. The componemﬁnQ{m of the wave reduction factor 0.8 provides the best agreement with experi-
function (11) may violate the Pauli principle. To solve this mental data available. The numerical calculations presented
problem, the exact commutation relations between quasipain this article have been performed with the cageoQus
ticle and phonon operators are u$éd,15. An efficient pro-  [31].
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TABLE lll. The calculated energie®PM) of the isomeric statl,,, in *Ba, *Ce, *)Nd, and'*3*sm
in comparison with the experimental valuésxp) from Ref.[19]. The main components of the isomeric
wave function are presented in the the last two columns.

E, MeV a’ atQ*
Exp QPM
13'Ba 0.662 0.660 th,1/483.9%) 1hy1,®27 (7.2%)+ 2ds,® 37 (1.5%)
13%Cce 0.754 0.725 h,1,A84.9%) 1h11,® 27 (8.1%)+ 2ds,® 37 (1.4%)
141Nd 0.757 0.795 th,1,(86.2%) 1h11® 27 (5.6%)+ 2ds,® 37 (1.9%)
1435m 0.754 0.786 h,1A84.6%) 1h11® 27 (6.2%)+ 2ds,® 37 (2.5%)
IV. THEORETICAL ANALYSIS of the wave function(11) is shown in Fig. &). There are
OF THE EXPERIMENTAL DATA two main states at 3.22 and 4.88 MeV where 0.6 and 0.4 %

The IR is studied along the isotopic chain=81 includ- of the single-pgrticle §trength is concentrated. By comparing
ing nuclei 1*'Ba, 13%Ce, 14INd, and %3m. First, the prop- Fig. 3(a a_nd Fig. 3c), it can l_ae (_:onc_:luded that t_here is al_so
erties O.f the (11/2). isqmeric state' are reproduced well ir! a correlation between the dlstrlputlt)zn of the smgle-partlcle
calculation. Its excitation energy is known to be approxi-cCOmponent 7/2 and the quantityC°T'7;.is(E2): large
mately the same for all nuclei under consideratisae ex-  Single-particle component in the wave functidri) leads to
perimental data in second column of Table).IThe calcu- larger E2 transitions. Taking into account the foregoing
lated energy of the isomeric stathird column of Table 11) properties ofE1l andE2 transitions one concludes that the
is in agreement with the data. Its structure is dominated btructure of the quantit€?l" ;= i, is completely determined
the single-particle component, but the coupling with theby the contribution of the single-particle component in the
quadrupole and octupole vibrations of the core is also imporwave function(11).
tant. The calculated structure of the isomeric state is also in The energy dependence of the quadeﬁFJﬂ_,g_s in
agreement with the recent measurem¢mgy. 13%Ce and the contribution oE1, E2, andM1 transitions

In addition, the spectrum of the excited states has beeare shown in Fig. 4. These transitions are due to the deexci-
calculated withJ™=1/2*, 3/2*, 5/2*, 7/2*, 9/2", and tation of 1/2°, 3/2*, 5/2", and 7/2 states. The larg&1
11/Z" up to the excitation energy of 6.5 MeV. The statestransitions to the ground state are concentrated at higher ex-
with lower values of angular momentum are responsible focitation energies. A state with”=1/2" at 5.35 MeV gives
population of the ground state iy(n) reaction while among the main part of theE1l transitions to the ground state in
other states we are looking for the AS. The spectra of state$**Ce. In the structure of the state, the single-particle com-
with J>11/2 have not been calculated because they canngionent is 6%, while the (@,®3;) component contributes
be populated in the neutron decay of the GDR. The corre1.2%.
sponding partial widthd’; _; and the main components ~ TheM1 transitions to the ground state are predominantly
contributing in the structure of the excited states are given iflue to the deexcitation of the 5/2states. The excitation
Table IV for 3Ce. energy of the first 5/2 state is 1.49 MeV. The single-particle

The population of the isomeric state (11)2in **Ce is component dominates in the structu@8% and it deter-
mainly due to theE1 transitions from the)™=9/2" states. mines the largest value &?I'(M1) in the domain up to 6.5
The distribution of the single-particle component 9/@f the ~ MeV.
wave function(11) up to 6.5 MeV is shown in Fig. (®). A The E2 transitions to the ground state arise from the de-
visible fraction of 9/2 single-particle componentl4% of  excitation of the states 1/2 3/2", 5/2", and 7/Z . The state
the whole strengthis spaced in this energy region. There are1/2" (2.93 Me\) has the largest income in the population of
two excited states at 4.18 and 6.15 MeV, where 4.7 andhe ground state vi&2 transition. The single-particle com-
5.2% of the single-particle strength is concentrated. Theponent in the structure of the state is 5.5%. Heetransition
main components in the structure of the excited states arom the latter to the ground state presents around 6.5% of
due to the coupling of the single-particle mode with the surthe sum ofo s in Eq. (9).
face vibrations of the even core. The dependence of the The distribution of the single-particle configuration over
quantityC2I ;- i, On the excitation energy is shown in Fig. the states witll™=1/2", 3/27, 5/2, and 7/2 in **Ce up
3(a). The contribution of theE1l transitions dominates, but to 6.5 MeV is shown in Figs. #)—4(e). The comparison of
also E2 transitions are important. The comparison of Fig.Fig. 4a) and Figs. 4o)—4(e) reveals again a correlation be-
3(a) and Fig. 3b) reveals a bright correlation between the tween the quantityCZI‘JMg_S_ and those of the single-
distribution of CI'g)y+ s, (E1) and those of the single- particle strength. The energy dependenceCof ;x4 is
particle component 972 The higher concentration of the strongly connected to the amplitude value of the single-
single-particle component leads to lardet transitions into  particle component of the wave functi¢hl). The structure
the isomeric state. of 1/2" and 3/2 states and the corresponding value of

The 7/2° states populate the isomeric stateE¥ transi-  [';7_4¢ are given in Table IV. The population of the ground
tions. The distribution of the single-particle component7/2 up to 4.8 MeV is byE2 andM1 transitions. Only a few
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TABLE IV. Some selected excited statesiffCe obtained in QPM calculations in the energy range up
to 6.5 MeV with the largest values of the partial widtﬁgﬁjf for the direct decay into the ground and
isomeric states. The quasiparticle™() and the main “‘quasipartictephonon” (¢* Q™) components to their
wave function are given in the last two columns.

Ji E, Tran. J; Iy, at atQ*
MeV AN eV
1/2* 2.93 E2 3/2°(g.s.) 0.046 3./(5.5%) 204,® 27 (91.4%)
1/2* 4.40 E2 3/2(g.s.) 0.259 3,,,(0.4%) 2d3,® 2} (90.9%)
1/2* 4.80 E2 3127 (g.s.) 0.017 3,,,(3.8%) 2d5,®2; (79.8%)
1/2* 5.13 E2 3/2(g.s.) 0.008 3,,,(1.3%) 1g7,®4; (93%)
112 5.35 El 3/2(g.s.) 2.420 D1(6.0%) 2d5,® 37 (61.2%)
1/2- 5.64 El 3/2(g.s.) 0.142 P1(0.3%) 1g,,® 3; (63.9%)
3/2* 2.82 E2 3/2(g.s.) 0.045 Bg/(1.2%) 20,2 (86.1%)
312" 3.08 M1 3/2(g.s.) 0.002 B3(3.7%) 351,827 (84.4%)
3/2" 4.40 E2 3/2(g.s.) 0.270 25,5(0.3%) 205,02, (96.2%)
3127 3.46 El 3/2°(g.s.) 0.013 Pa(1.1%) 1hyy,2 47 (93%)
312 5.09 El 3/2(g.s.) 0.056 Do 1.5%) 1hy,,® 4] (95.4%)
312 5.53 El 3/2°(g.s.) 0.030 D3(0.7%) 2ds,® 37 (84.5%)
572" 1.49 M1 3/2°(g.s.) 0.009 P3(68%) 35,02 (8%)
5/2+ 2.78 E2 3/27(g.s.) 0.049 A5,,(0.7%) 205,027 (93.2%)
5/2* 3.21 M1 312" (g.s.) 0.008 B/(5.3%) 2d3,2 47 (57.1%)
5/2* 4.32 E2 3/27(g.s.) 0.047 Bgx(2.2%) 1hy1,,® 37 (62.4%)
5/2* 4.4 E2 312" (g.s.) 0.226 215/,(0.8%) 2d3,0 2} (78.6%)
5/2* 4.9 M1 3/2(g.s.) 0.016 B5x(2.9%) 2d5,® 47 (44%)
5/2+ 5.01 M1 3127 (g.s.) 0.011 As(2.4%) 2ds,®4; (41.8%)
5/2¢ 5.13 M1 3/2(g.s.) 0.028 Bg(2.5%) 197,047 (33.7%)
5/2" 6.29 M1 3/2(g.s.) 0.018 Bg(1.3%) 2ds,® 2, (78%)
712t 2.02 E2 3/2(g.s.) 0.006 §,459.9%)  2ds,02] (28.8%)
712* 2.98 E2 3/2°(g.s.) 0.03 17,(10.6%) 205,®2; (55.6%)
712" 3.17 E2 3/2"(g.s.) 0.005 B7/2(6.7%) 2d3,® 41 (68%)
712* 3.38 E2 3/2°(g.s.) 0.002 7/2(6.4%) 351,047 (71.5%)
712* 4.43 E2 3/2(g.s.) 0.271 §7(1.4%) 205,®2, (90.6%)
712* 4.85 E2 3/2°(g.s.) 0.008 §72(3%) 107,25 (56.1%)
712 3.22 E2 11/2 (iso) 0.045 ,5(0.6%) 1hy1® 27 (98.5%)
712 4.88 E2 11/2 (iso) 0.232 T 15(0.4%) 1hy1,,®2; (98.8%)
9/2" 4.18 El 11/2 (iso) 0.793 Yo 4.7%) 1h1,, 3] (86.3%)
912" 4.62 El 11/2 (iso) 0.417 o 1.7%) 2ds,® 2 (84.9%)
9/2" 5.03 El 11/2 (iso) 0.188 Boo(0.6%) 2d5,®4; (52.3%)
912+ 6.15 El 11/2" (iso) 3.07 Yol 5.2%) 1h, 1,35 (58.4%)
912" 6.30 El 11/2 (iso) 0.326 Boo(0.5%) 2d5,® 2, (61%)
states perceptibly influence the Value@%]—“],.,ﬂg_sl_ and M1 transitions populating isomeric and ground state is

The same type of calculation has been performed for th@lso changed. The available experimental information ob-
other isotones. They are not discussed here in detail becautgned in (y,n) reaction on the IR foN=81 nuclei is given
the results and conclusions are very similar to the ones ain Table I. It is completed by the IR in two heaviest isotones
ready presented folt*®Ce. The conclusion for all isotones known from 8 decay datd19]. Thus, in the case of*Nd
under consideration is that the population of the isomeriand 143Sm, two values of the IR are known corresponding to
state as well as those for the ground state depends on thfferent maximum excitation energids*. The calculated
distribution of the single-particle component of the wavevalues of the IR of Eq(9) are given in Table | for compari-
function (11) over the AS. son. The truncation of the AS included in the calculation by

It follows from the presented figures that the IR defined inmaximum excitation energy is made in accordance with ex-
Eq. (9) depends strongly on the maximum excitation energyperimental conditions. The calculated values agree very well
of the final nucleus. The number of excited states at intermewith the measured ones. The energy dependence of the IR in
diate energies involved in the process varies when the excthe case of**Nd and 43Sm is reproduced. In the case of
tation energy is changed and the number of ladde E2,  *Sm up to excitation energy 3.5 MeV there are two
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FIG. 4. The same as in Fig. 3 for population of the ground state
10° F in 13%Ce.
10" : : . . . . \ large difference of the IR for the studied nuclei was observed
°§' 712 (©) in spite of the similar properties of the isomeric states. The
= 10" F measured values are completed by available experimental in-
NO . formation obtained fronB~ decay. The new set of data re-
10" veals a dependence of the IR on a maximum excitation en-
P ergy of residual nuclei reached iny{n) reaction andB™
107 £ decay.
10° b The calculation of the IR in the framework of QPM is
done. It is shown that the value of the IR depends on the
10° . . . . . . . contribution of the corresponding single-particle component
30 35 40 45 50 55 60 65 in the structure of the wave function of the excited state. The
E [MeV] IR as a function of the excitation energy of a residual nucleus

is determined by the fluctuation in the distribution of the
FIG. 3. (a) Decay probabilityC?I" for population of the iso- Single-particle components. The maximum energy of the in-
meric state in***Ce from excited states at intermediate energiestermediate states populated i, () reaction is responsible
(b),(c) contribution of one-quasiparticle configurati@? to wave  for the truncation of the states involved in the forthcoming
functions of decaying states with different spin and parity. Thedecay to the ground and isomeric states. That is why the IR
multipolarity of each transition is indicated on top of lineg@. J™ in ¥Ba and '*Ce with somewhat higher values of the
of decaying states is specified () and(c). maximum excitation energy is different from the ones in
INd and *43Sm. Our calculation reproduces rather well the
states— 9/2 at 3.48 MeV and 7/2 at 3.46 MeV. These |R dependence oA as well as the absolute values of the IR
states are connected with the isomertby andE2 transi-  in all isotones under consideration.
tions. The increase of the excitation energy up to 4.72 MeV
does not influence the value 6T j-_ s, While the value of
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