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An isomer has been observed in the stable nuciidgu, which primarily decays via a 919-keV gamma ray
to the 17/2 level of the ground-state band. The structure of the isomer has been investigated using an array of
eight germanium detectors and an electron spectrometer K¥steell internal-conversion coefficient of the
919-keV transition has been measured to be 9.8¢214) * establishing that this transition has electric-dipole
character. This measurement, and the observed decays of the isomer, indicate that the isomer has spin and
parity 19/2". Using timing measurements against a pulsed beam, the half-life of the isomer has been measured
to be 47%10) ns: this suggests high purity for th€ quantum number and associated highiforbidden
decays. The gamma-gamma coincidence data have revealed a rotational band built upon the isomer. The
properties of the rotational band are consistent with the configuratipgsl]3/2® v[ 505]11/2® = 413]5/2,
and v[ 402]3/2® v[ 505]11/2® 7[ 413]5/2, or a mixture of both.

PACS numbses): 21.10.Re, 21.60.Ev, 23.20.Lv, 27.7Q

I. INTRODUCTION more, a recent publicatidri6] has reported the existence of
an isomer with a half-life oF~8 ns at an excitation energy

In deformed, axially-symmetric nuclei, the component ofof 3100 keV, and with spin quantum number near 35/2. The
angular momentum along the deformation akié, is a con-  present work was motivated by an earlier stitfy] in which
stant of the motion. If th& quantum numbers of states in- tentative evidence for an isomer was observed, with a life-
volved in gamma-ray transitions are good, but differ signifi-time estimated to between 400 and 500 ns. In the present
cantly, the decays are said to be&‘forbidden” and the Work, an isomer has been observed'™Eu at an excitation
decay rates are retarded. For a multi-quasiparticle staté theenergy of 1772 keV, and its properties have been investi-
quantum number is equal to a combination of khealues of ~ gated using gamma-ray and electron spectroscopy. The spin
the individual quasiparticles. If the individukl values com- ~and parity of the isomer have been determined to be™19/2
bine to give a high resultant value, tkequantum number of from its decay modes, and from a measurement of the
the resulting level, and of levels in the rotational band basednternal-conversion coefficient of the most intense decay
upon it, may differ considerably from those of levels basedransition. The magnetic moment of the isomer has been es-
on single quasiparticle states close to the ground state. Tratimated from gamma-ray branching ratios from rotational
sitions between levels based on a multi-quasiparticle statetates built on the isomer. The observed properties of the
and levels based on single quasiparticle states are then ségomer and its decays are consistent with two possible three-
eral timesK-forbidden. In this manner, isomers may afig¢  quasiparticle configurations. The present work also extends
with long lifetimes, sometimes exceeding several hoursthe bands reported in earlier work: the gamma-gamma coin-
there is now a large amount of experimental informationcidence data reveal a change of structure in the lowest
about isomers in the rare-earth regi@h-8]. The degree of negative-parity band at an excitation energy near 3100 keV,
retardation of the transitions can give information about thebut are unable to confirm the scheme proposed in Ré].
purity of theK quantum numbers involved in the decays, and
pro.p(-;rtigs Qf rotational bands based on isomers can reveal Il. EXPERIMENTAL DETAILS
their intrinsic structure. Recently, attention has been focused
on the strong variation in the extent to which transitions are Excited states in °¥u were populated using the
K forbidden. The reasons for the variation are not clear: it** Nd(’Li,4n) reaction. Gamma rays and electrons were ob-
has been hypothesized to be related to departures from axgerved using an array of eight, 75%-efficient, Eurogam-type
ally symmetric deformation, with the consequence #kas  [18] germanium detectors and an electron spectrometer. A
no longer a good quantum numblé|, and also to mixing schematic representation of the apparatus used is shown in
with nearby states of differemt value, but with similar spin  Fig. 1. The’Li beam at energy 35 MeV was provided by the
and parity[10]. tandem accelerator of the IPN laboratory, Orsay. The beam

The nucleus*® u has been extensively studigil—-15, was pulsed with a pulse width of 2 ns, and was used to
and bands based on intrinsic configurations wikf  bombard thin*Nd targets, with thicknesses of 200 and
=5/2", 5/2” and 3/2 are now known to high spin. Further- 300 wg cm 2. The targets were prepared in the electromag-
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lar angles between 45° and 135° to the beam direction, as
shown in Fig. 1. An array of six barium fluoride (BaF
detectors was placed close to the target. The,BaFay de-
tected both neutrons and gamma rays emitted from the reac-
tion site, and the fast outputs provided a time reference for
the individual germanium and @i) detectors. The number
of BaF, detectors firing was recorded, and subsequently used
as a multiplicity filter. Wher=1 signal was detected in the
BaF, array, and=2 germanium detectors fired, the energies
and times of the gamma rays detected in the germanium
detectors were recorded on magnetic “Exabyte” tape, to-
T\ 45°(2) gether with several other associated parameters such as
germanium-detector identification number: a total of ap-
proximately 50< 10° events were collected. Each event oc-
71°(1) cupied approximately 54 bytes, resulting in a total of about 3
109°(2) E Gb of data. In addition to the coincidence data on tape,
“singles” germanium and $Li) detector spectra were incre-
mented for each detector, irrespective of the Baffay.

FIG. 1. Schematic representation of the apparatus, as seen from The experiment consisted of two parts. In the first part the
above. Only two of the six BagFdetectors are shown. The values beam was pulsed with a period At=200 ns. From these
written close to the germaniuf®Ge) detectors give the polar angle, data, “out-of-beam,” delayed gamma-ray and electron spec-
6, and the number of detectofi® parenthesgsat that value ofg. tra were incremented, from which the internal-conversion co-

efficients of transitions de-exciting isomers could be mea-
netic separator at the CSNSM laboratory, Orsay by collectsured. In the second part of the experiment, the beam was
ing separated®Nd ions onto 40ug/cn? carbon backings. pulsed withAt=800 ns in order to measure the lifetime of
The isotopic enrichment of the targets wa®98% and the the isomer, which was expected to be between 400 and 500
?gsrginant evaporation residue resulting from the reaction wass.
u.

The electron spectrometer has been described in detail in [1. ANALYSIS AND RESULTS
Refs.[19,20. In essence, the spectrometer has a transmission
of 4% and a momentum window of 30%, and uses @i%i
detector to detect electrons. In the present experiment, it was A two-dimensional spectrum, or “matrix,” containing all
positioned at 90° to the incident beam. The magnetic fieldhe gamma-gamma coincidence evefuigh no time condi-
was either swept, or set at fixed values in order to measurtion) was constructed, which contained>6%° counts. Gat-
internal-conversion coefficients of medium- or high-energying on known gamma rays confirmed the level scheme for
transitions, with the full transmission. The targets were in-1>3u presented in earlier worKl3—15. A second matrix
clined at 30° or 45° to the beam with the carbon backingcontaining only those gamma-gamma coincidence events
downstream and facing the electron spectrometer. The gewhich occurred between 25 and 145 ns after beam pulses,
manium detectors were placed approximately azimuthallywas also constructed and revealed the existence of an isomer
opposite the electron spectrometer, with the detectors at paa >°Eu at an excitation energy of 1772 keV, decaying pri-

135°(2)

94°(1)

A. The level scheme associated with the isomer
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29/2‘—|—— 2859.2 B. Internal-conversion coefficient measurement
2520 The most intense transition in the decay of the isomer is a
27— 457.6- 26272 gamma ray of energy 919 keV, which goes to the 17/2
2252 member of the ground-state band. There are also two less
2507-4445 — 2402.0 intense gamma-ray transitions from the isomer, with energies
2193 709 keV and 477 keV, decaying to the 19/and 21/2
232" — 430.5-2182.7 members of the ground-state band, respectively. The branch-
2112 ing ratios of transitions de-populating the isomer are shown
2127-41 -S-i——1971.5 on Fig. 3 as numbers in square parentheses alongside the
200.1 energies of the gamma rays. The non-observation of other
1927 — 17716 gamma rays decaying from the isomer to other members of
the ground-state band, or to members of K&=5/2" or
477.0 [144)] K™=3/2* bands[13] means that their intensities must be
(7631 709.4 less than 3% of the intensity of the 919-keV gamma ray. If it
[79¢5)] 9154 2t 12946 is assumed that electric octupole3) and magnetic quadru-
23|2.5 pole (M2) transitions do not compete in this situation with
+ ‘ electric (E1) and magneticNI1) dipole, and electric quad-
1927 —442.6 — 1062.2 ", K .
s rupole E2) t.ransmons_, then these observations restrict the
pt oY €520 spin and parity of the isomer to be 17/219/2", 21/2", or
197.0 19/Z".
1572% —370.8 —) 6552 The spin and parity of the isomer have been investigated
1740 by measuring the internal-conversion coefficient of the 919-
153E et 3300 15§9 481.2 keV transition. The electron fromd-shell internal conversion
Y THE I of the 919-keV transition has an energy of 870 keV, equal to
u 11/2+ 288.1 132.1 323 919 keV less the 49-keV binding energy okKaelectron in
" 24!‘8 T 1931 europium. TheK-shell internal-conversion coefficient for the
;Z+—19'5 2 B3 919-keV transition was determined by comparing the inten-

sity of the 919-keV gamma ray, to that of the 870-keV elec-
FIG. 3. Partial decay scheme of levels in the band based on th&on. Normalizations were made, using the similar compari-

isomer at 1772 keV, and decays of the isomer to the ground-statgon for the knowrE2 288- and 371-keV transitions, which

band. The numbers to the right of the levels, and those centered dmave  known internal-conversion coefficients. The

the arrows give the level and gamma-ray energies, respectively; theonversion-coefficient is then given by

values are in keV and are typically accurate to 0.4 keV. The num-

bers in square parentheses give relative intensities of gamma rays 919 =k Nek(870) 1

de-exciting the isomer. The complete known level scheme is given ax(919 = N.(919) '’ @
919

in Ref. [13].

marily via a 919-keV gamma ray. Figuréa® shows part of

the spectrum of gamma rays in coincidence with the 919
keV transition, obtained from the matrix containing all coin-
cident eventgno time gate¢ Transitions within the ground- .__. . )
state band, following the decay of the isonfsuch as 193, ization factor extracted from the measurements with the 288

288, and 371 keYcan clearly be seen. In addition, several and .371—keVE2 transitions.
other transitions(such as 200, 211, and 219 kedre in Figure 4a) shows delayed electrons over an energy range

coincidence with the 919-keV transition; these transitions ar&€ntéred on the energy &tshell internal conversion for the
not already known in the level scheme BFEu. Figure 2b) 919-keV transition. The electrons were obser_ved in the inter-
shows the sum of spectra gated on either the 200-, 211-, §@l from 40 to 160 ns after a beam burst. Figureés) 4nd
219-keV gamma rays. By applying such gates on thesé(c) show electrons observed over energy ranges center_ed on
“new” transitions, and using energy- and intensity-balance322 keV and 239 keV, respectively: these are the energies of
arguments, a rotational band was deduced, built upon thée K-conversion electrons from the 371-keV 17/2
isomer. The levels above the isomer, and those to which the»13/2" and 288-keV 13/2—9/2" transitions in europium,
isomer decays are shown in Fig. 3. The isomer, and the lewespectively. Figure 5 shows part of the spectrum of gamma
els above it, were only very weakly populated, and as a resulays observed in one of the germanium detectors during the
it was not possible to use any type of angular-distribution oitime period from 25 to 145 ns after a beam pulse. In that
angular-correlation measurement, to determine the multipaspectrum there are several peaks with significant intensities
larities of transitions in the band above the isomer, or thoselose to the 919-keV transition; in order to fully understand
decaying from the isomer itself. However, in the band, thethe spectrum, these transitions should be explained. The
characteristic pattern af1 =1 transitions and\| =2 cross- gamma rays at 897 and 1014 keV arise from inelastic scat-
over transitions strongly supports tE@ andM 1/E2 assign-  tering of neutrons off bismutkin the BGO Compton sup-
ments shown on Fig. 3. pression shieldsand aluminum(in the target frame, target

whereN, andNgk are the numbers of gamma rays and elec-
frons, after correction for the relative efficiencies of the de-
tectors as a function of energy, and whéres the normal-
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Delayed electrons: At=40-160 ns ent if it is remembered that the time gate for the delayed
- T T - ] electron spectrum of Fig. 40 to 160 ns after a beam pujse

300 |

(@) X ] starts later than that for the delayed gamma-ray spé2f&o
i > (E,~870 keV) ] 145 ng. Therefore, when the time gate for the electron spec-
200 | 1 trum starts, the"*Sm isomer has almost passed through two
I ] half-lives.
100 f The mean value ofax(919) determined from the
[ ] comparisons, with the 288- and 371-keV transitions, is
P ] 9.8(2.4)x 10 “. The theoretical values are 4@0 ° for an

750 800 850 900 950 1000 M1 transition, 2. %10 2 for an E2 transition, and 1.1
R X102 for an E1 transition. This measurement, together

200 | (b) § (E.=322 keV) . with the observation of the 477- and 709-keV transitions
” I of 1 (Fig. 3), therefore establishes that the transition Baschar-
§ I ] acter, that parity of the isomer is negative, and that the spin
&8 100 1 is probably 19/2.
o b N C. Lifetime measurement
200 250 300 350 400 450 . ) .
600 : . T : : The lifetime of the isomer has been determined by mea-
[ ] suring the times at which gamma rays were detected with
400 | () 5 ] respect to the beam pulse. This was achieved by constructing
@ |l (E=239 keV) ] a matrix with gamma-ray energy on one axis, and gamma-
] ray time on the other axis. By gating on a transition on the
200 | . energy axis, the time spectrum associated with that transition
[ ] was projected onto the other axis. The lifetime of the isomer
I . was determined in this manner, by gating on the 919-keV
01 00 150 200 250 300 350 transition, and also on the 288- and 371-keV transitions, all

Electron energy (keV) of which occur in coincidence following the decay of the
isomer. The time spectra of the 919-, 371-, and 288-keV
FIG. 4. DelayeK-shell internal-conversion electrons of tte transitions are shown in Figs(&, 6(b), and Gc), respec-
919-keV, (b) 371-keV, and(c) 288-keV transitions, observed 40 to tively: fits to these time spectra, in the regions clear of the
160 ns after beam pulses. The energies ofttemnversion lines of  tail of the prompt peaks, gave values of 488, 47817),
interest are shown in keV. and 48618) ns for the half-life, respectively. Taking a
weighted mean of these values results in a half-life of
chamber, and detector canister§he broad peaks between 47510) ns.
550 and 850 keV arise from neutron interactions in the neu-
tron detectors. Gating on the 937-keV peak in the gamma- IV. DISCUSSION
gamma matrix suggests that this transition de-populates a
previously unreported isomer in the neighborirgiSm
nucleus. The half-life of this isomer has been estimated The structure of->3Eu, up to spins of at least £5can be
(from time-gated spectydo be about 25 ns. This transition is described[13,21] in terms of rotations of an axially-
interesting, in that, although the 937-keV gamma-ray peak isymmetric, reflection-symmetric, prolate shape with a domi-
Fig. 5 is clearly of comparable intensity to the 919-keV nant quadrupole deformation. For quadrupole deformations
gamma-ray peak, there does not appear to be a samariumaommonly met in the rare-earth nuclei ned=90, Z
conversion electron peak at 890 kéttat is, 937 keV minus =60 there are several Nilsson orbitals close to the Fermi
47-keV binding energyin Fig. 4@a) corresponding to the surface[22—24. In *5%u the ground state is associated pre-
937-keV peak of Fig. 5. The reason for this becomes appamdominantly with thew[413]5/2" orbital, and the first and

A. Configuration of the isomer

Delayed gamma rays: At=25-145 ns

8000 FIG. 5. Delayed gamma rays

observed in the time interval 25 to

145 ns after the beam pulses.
Some of the peaks are labeled
with gamma-ray energies in keV.

The labeled peaks are discussed in
the text.

Counts

4000

0
220 320 420 520 620 720 820 920 1020
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100000 . ; . 20
(a) 919 keV t, =464(16) ns
. 10000 ¢ " : © "**Sm ground-state band
2 i 151  * Eu ground-state band
§ 1000 ; o "°Eu isomer band
100 § 1 €
i £ 1071
100000 : = = g
10000 | (b) 371 keV t,,=478(17) ns ]
F 57
1000 f
100 § 1 0 : : ;
E 0 100 200 300
100000 t t ’ Rotational frequency (keV)
(c) 288 keV t,,=436(18) ns
10000 ¢ : FIG. 7. Spin plotted against rotational frequency for bands in
[ 15 15!
1000 | Sm and'*u.
100 , residualp-n interactiong 28,29 when an[413]5/2" proton

is coupled to the separate, assumed pure, two-quasineutron
. A 7~ states. The GM splitting due to the proton interaction
50 Channe:ggmber 150 with the [651]3/2 neutron(of thg K= 19/2 stgte shifts the
energy up, while that from the interaction with th&02]3/2

FIG. 6. The time spectra of th@ 919-keV, (b) 371-keV, and  neutron shifts it down. However, this may be counteracted
(c) 288-keV transitions. One channel corresponds to 5 ns. The lifeby the unknown relative spacings of tf&51]3/2 and402]3/
times deduced by a fit to the spectra are indicated on the panels.2 states; it is possible that tf851]3/2 orbital may lie lower
than the[402]3/2 orbital.

second intrinsic excited states with the 532]5/2 and The _alignme_nt in the band_ based on t_he isqmer can give
7[411]3/2" orbitals, respectively. With standard parametersfurther information about the isomer conf_lguratlon. Figure 7
[22] used to predict single-particle levels in a deformed weII,ShO\g’s ft?fzsangulgr_ mcr)]menta OCI levels |r(1]| 'Fhe grOLt;nd—dstgte
these assignments are consistent with a quadrupole deform and o m and in the groun -state and isomer ands in
tion of B,~0.25-0.30. At this deformation, only proton or- *Eu plotted against rotatlona[ frequency. The separatlon of
bitals with Q2 quantum numbers from 1/2 to 7/2, and neutronthe curves rgveals that there is about 3 ok 4xtra align- :
orbitals withQ quantum numbers of 1/2, 3/2, 5/2, and 11/2 Ment in the isomer band which does not rule out the possi-
lie within about 1 MeV of the Fermi surface. Three protonsb!IIty that _the |somer_conf|gurat|on includes tf851]3/2 or-

in available orbitals cannot combine to give a state of spirp'tlalt. (V‘I’h'ICh has high ttOtfll ar;ﬁular morr;enturgl but a
19/2. In this region, the/[505]11/2 orbital plays an impor- rela 'V,?hy ow componenf aongb. € syrlnnég ’t'}’ ax.' r?.W' th
tant role in generating multi-quasiparticle isomers. If a pairever’ €re 1S no way of unambiguously distinguishing the

of neutrons is broken, resulting in the occupation of an 11/2 domln_an_ce .Of one of the proposed conflgura'glons. in any
orbital, then a highk state can be formed at relatively low case, it is highly probable that both configurations are sig-

excitation energy, where no other states exist with compar—‘IfICantIy mixed in the 19/2 state.

rableK values. In particular, a neutron if505]11/2 orbital, o _

and one in §402]3/2 or[651]3/2 orbital can combine their B. Excitation energy of the isomer

angular momenta and parities with th&13]5/2 proton to The energy of the isomer and the energies of other multi-

give a state of spin and parity 19/2These configurations quasiparticle states if>¥Eu are related to the quasiparticle

are therefore, prime candidates for the isomer identified irexcitation energies, the energy needed to break a pair, the

this work. zero-point rotational energy, and the interaction energies of
In the neighboring">*>8Gd and*335m nuclei, isomers of the coupled particles. Phenomenological modg8§,31]

spin and parity 7 have been previously report¢d,25,26, have been proposed, to estimate the magnitudes of the sepa-

at excitation energies close to 2100 keV. It has beemate energy contributions. Here, there is insufficient informa-

proposed that they arise by the breaking of482|3/2 or tion for these models to be used with any accuracy. How-

[651]3/2 neutron pair, with one of the neutrons promoted toever, it is possible to examine the energy sequence of the

the [505]11/2" orbital. Comparison with these nuclei sug- multiplet of states which arise from the proposed configura-

gests that in*>3Eu, the most likely configurations of the iso- tion. The different couplings of angular momenta allow

mer arev[402]3/2® v[505]11/2® 7[413]5/2 or v[651]3/2  states with spind),; =0 ,* 5, that is, states withk quan-

® v[505]11/2% [ 413]5/2. An argument against tH€651]3/  tum numbers 19/2, 13/2, 9/2 and 3/2. In particular, if the 13/2

2 neutron orbital playing a major role is provided by the state is predicted to lie lower than the observed 19/2 level it

Gallagher-MoszkowskiGM) [27] splittings arising from the may be near-yrast and thus it may be anticipated that this
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TABLE I. Retardation factors for transitions which follow the 0.10
decay of the isomer. In calculating the retardations, the Weisskopf
estimates have been multiplied by“1@ account for the usual
strong hindrance oE1 transitions; this multiplication factor is of-
ten used; for example, see RES).

Transition E, (keV) Retardation f,

ws] 4 % ]

19/2° —17/2° 919.44) 2.0(1)x 10° 7.6
19/2° —19/2° 709.44) 1.0(4)x 10° 10.0
19/2° —21/2° 477.04) 1.5(4)x 10° 7.3

[(9¢9:)/Q,] (eb)™’

0.00 212 232 2802 272 292

state will be populated in the present experiment. The GM Spin (h)

splittings for the three pairs of interactions between the two ) )
neutrons and the proton in th€=13/2 level, from the FIG. 8. The magnitudes ofgk—gr)/Qo determined from
1[402]3/2% v[505]11/20 w[413]5/2 configuration are all Pranching ratios within the isomer band.

positive, and so the predicted position of the 13/2 level is
above that of the 19/2. In th&=13/2 level from the
[ 651]3/2® [ 505]11/2% w[413]5/2 configuration, two of The axial symmetry and the purity of tiequantum num-

the GM splittings lower the energy of the 13/2 state and onder of the isomer are confirmed by the observation of a regu-
raises it, and it is not possible to estimate the relative posilar rotational band with the isomer as band-head. The ratios
tions of the 13/2 and 19/2 levels. The non-observation of ®f the intensities of theE2 crossover gamma rays to the
candidate for the 13/2 band-head therefore gives no clear mixed E2/M1 gamma rays in the band, were used to calcu-

D. Rotational band built on the isomer

indication of the dominant component in the isomer. late the ratios §x —9gr)/Qo. The ratios are shown in Fig. 8
as a function of spin. The average value determined for the
C. Decay of the isomer magnitude of ¢x—gr)/Q, is 0.058(3) €b) 1. Using a

. . _ value of 6.6(5)eb for the intrinsic quadrupole mome®,
_ The degree of retardation of a transition de-populating ag gptained from Coulomb excitation of the ground-state
isomer is pften expressed in t_erms of the ra_tlo of the Meapand[15], and a value of 0.4@) for gr, values ofgy can be
sured partial gamma-ray half-lifé];, to the Weisskopf esti- hferred: taking the positive sign fogl — gr)/Qo gives gx
mateTy),. The reduced hindrance factor, =0.795), while taking the negative-sign givegy
¢ =(T72/TW I @ =0.025). Thelargegg value (0.78 implies a three-proton
v vz tuz o configuration for the isomer and so may be disregar(iEue
dominant contribution to the uncertainty comes from the as-
sumed uncertainty in the collectigefactorgg.)

The extracted value @y for the isomer can be compared
with values predicted for the proposed configurations. For a
v=AK—\, (3)  three-quasiparticle state, in which the individghl quantum

numbers sum maximally, to give the result&talue,

is useful for global comparisons of retardations. The param
eter v gives the extent to which a transition ksforbidden,
and

for a transition of multipolarityx, with AK being the differ-
ence in theK quantum numbers of the levels involved in the Kge=> Qg ()
transition. The isomer at 1772 keV observed here, presum- K™ 4 2His
ably haskK quantum number 19/2; therefore tBd transi-
tions between the isomer and members of te=5/2  Where
ground-state band, haveK=7 andv=6. The reduced hin-
drance factors, calculated from the lifetime of the isomer and Qigi=9i () +9.(l2) 5)
the measured gamma-ray branching ratios, for the thee ;.
transitions(see Fig. 3 which de-populate the 1772-keV iso-
mer, are given in Table I.

The f, values are characteristic of transitions between K=2 Q. 6
levels which have a degree &f purity, corresponding to
only small amounts oK mixing in the isomer and in the The first term on the right-hand side of E() gives the
levels in the ground-state band. The retardations haveontribution from the intrinsic spin, and the second gives that
roughly similar values, and the slight differences in magni-due to orbital nucleon motion. These contributions can be
tude, can be explained by small admixtures of states witlestimated for each quasiparticle, in order to estimategthe
different K values into the ground-state band. The shape ofalue for each configuration. The estimated value can then
the isomer is, therefore, like the ground state, expected to biee compared to the value extracted for the isomer. For a
axially symmetric[13]. This is, perhaps, apparent from the neutron in the505]11/2 orbital,g; , is zero and the spin is
regular structure of the rotational band built on the isomer. fully aligned along thez-axis. Thus();g;=g; «s,)~ —1.15,
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300 T x r r r r T x r 4b5/2+ (4930.1)
200 _ 43/2+ (4687.9) 67I6.7 45/2~ (4600.9)
I 66I5.8 4V2+@2x-4) 4320 ame) 6196
100 ' 39/2+ i ©922.0)  gemo 568.6 4U2+_ 3981.3)
0 651.8 37/2t i (3595.6) 39/2;%67'3)37/2_5337 st
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o A FIG. 10. Partial high-spin level scheme for tK€=5/2" and
0 K™=5/2" bands. The figure shows the highest spin level reported
in Ref. [13], together with the extensions to the bands observed in
400 | the present data. The uncertainties on the transition and level ener-
gies are about 0.2 keV.
200 [ . . . . . . .
configurations. This value is consistent with that determined
0 from the branching ratios of the levels in the isomer band
when the negative sign is taken fay—gr)/Qo-
100 |
s E. Band-crossing at high spin
50 In the work of Ref.[16], it has been reported that the
35/2" level of theK™=5/2" band is isomeric, with a life-
U et ditali it i time of 8 ns. The lifetime measurement was based on de-
500 550 600 650 700 layed coincidences between a 635-keV gamma ray feeding
Gamma-ray energy (keV) into the 35/2 level and a 600-keV gamma ray de-exciting

the same level. In the present work, the high-spin bands pre-

FIG. 9. Representative gamma-gamma coincidence spectraented in Refs[13,14] have been extended to still higher
Panels(a) and (b) show the ground-state bant) is the sum of spins. Figure 9 shows representative gamma-gamma coinci-
spectra obtained by gating on the 602-, 637-, and 658-keV transidence spectra, which reveal the “new” transitions at the
tions; and(b) is the sum of spectra obtained by gating on the 581-,highest spins, and Fig. 10 shows the partial high-spin level
623-, and 659-keV transitions. Pandty and (d) show theK™  scheme for the extended band&or the complete level
=5/2" band:(c) is gated on the 601-keV transition; afdj is gated  scheme, see Ref13].)
on the 593-keV transition. The labels on the spectra give the tran- Figure 11 shows theZ(D kinematic moments of inertia of
sition energies to the nearest keV, and all of the labeled peakgage bands, plotted against rotational frequency. A back-
correspond to transitions itP®Eu. The transitions marked with an bend occurs in the negative-parity band at a frequency
asterisk have first been observed in the present work. ~0.25 MeV indicating a change of structure, as was sug-

where the spimg-factor for the neutron has been chosen equal
to 0.6 times that of the free neutron. For a proton in the 100 [ T T T
[413]5/2 orbital, the value of);g; may be obtained from the
measured momenf11] of 1.533(1) uy for the ®%u
ground state. The magnetic moment of a state of $fm
given by the formula

9 I @ K'=5/2" ground-state band
g0 | ©K'=5/2" band

70 .

n=1(gr+19)/(1+1), @) s | ;
where v is expressed in units of nuclear magnetops). 50 [ ]
Substituting a value of 0.4@)(=Z/A) for gg, into Eq.(7) 5 4
gives Q;g;~ +1.75 for the[413]5/2 proton. In view of the 40 r .

J" moment of inertia (h’/MeV)

error on the extracted value gf for the isomer, and the o
influence of the values dR;g; for a neutron in th¢402]3/2 30 0 0.1 0.2 0.3 0.4
or [651]3/2 orbitals on the prediction, th@,g; values for y | ' '
each of these two possibilities may be estimated to sufficient

accuracy by assuming a value of 0.25 {sx). This gives FIG. 11. Kinematic7*) moments of inertia plotted against ro-
Qigi=0g; «(s,)=—0.57. tational frequency for the<"=5/2" ground-state band, and the

The three();g; values can now be combined, using Eq. K™=5/2" band in'>€u. Only one signature partner of each band is
(4), to give a predictedjk for the isomer of~0.03 for both  shown.

Rotational frequency (MeV/h)
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gested in Ref[16]. The positive-parity band exhibits an up- used. The isomer is observed to decay primarily via a 919-
bend, suggesting a strong interaction between the crossirgV gamma-ray transition, into the 17/2state of the
bands while the negative-parity band shows a back-bendyround-state band. ThK-shell internal-conversion coeffi-
suggestive of a weak interaction. The crossing frequency isient of the 919-keV transition has been measured to be
characteristic of the alignment of a pair iqk, neutrons, in  9.8(2.4)x 10" 4, suggesting that it ha&1 character. This
this region. measurement, together with observed weaker decay paths,
The long lifetime of the 35/2 level reported in Ref{16]  suggests that the isomer has spin and parity of 19The
is difficult to understand in view of the extensions to thelifetime of the isomer has been measured to be(#0)5ns,
known bands observed here. It should be pointed out that thesing a pulsed beam with period of 800 ns. Gamma-gamma
deduction of the level properties from gamma-ray spectrocoincidence data have revealed a rotational band built on the
scopic information, in the region of excitation energy closeisomer, consisting oAl=2 E2 andAl=1 M1/E2 transi-
to the 35/Z level, is made difficult by the broad distribution tions. The spin and parity assignment of the isomer, together
of events arising from inelastic scattering to the 596-keVwith the observed properties of the rotational band, are con-
level in "“Ge (of the germanium detectgrsby the presence sistent with two proposed three-quasiparticle configurations,
of gamma rays of energy 637 keV and 602 keV in K&  both involving an high€) hy,, neutron. Furthermore the pre-
=5/2* ground-state band, and by a gamma ray of energyiously established high-spin bands have been extended to
601 keV in theK™=5/2" band. In this work, it was not higher spins and have revealed a band-crossing at rotational
possible to confirm that a 635-keV gamma ray feeds into thérequencys w=0.28 MeV/i, which is presumed to be due
35/2" level, or that the 635-keV gamma ray is in coinci- to i35, Neutrons.
dence with a 690-keV gamma ray, as were both reported in
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