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Identification of the K®=8" rotational band in %Gd
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A K™=8" collective rotational band has been established upon fhas Bomeric state in the very neutron-
deficient nucleus®%Gd. The band was observed using a technique involving the correlatigeray transi-
tions across the isomeric state. The single-particle configuration of the isomer has been deduced from the
Al=2 to Al =1 intensity branching ratios. In addition, a series of otji@ay transitions were observed which
are reasoned to be part of a higher-lying four quasiparticle structure which decays throulffi=tge
isomeric state. The properties of th6'=8" band are discussed in relation to the systematic properties of
K™=8" bands in the neighborinly =74 isotones[S0556-28188)06608-4

PACS numbdis): 21.10.Re, 23.20.Lv, 27.60]

[. INTRODUCTION that experiment was only concerned with detecting delayed
y-ray transitions, which were emitted by isomeric states, no
High-K multiquasiparticle isomers are a general feature oforompt y-ray transitions were collected, i.e., the experiment
the midshell nuclei in the mass 170-180 region of thewas insensitive to the prompt members of tKé=(8")
nuclear charf1]. TheseK isomers exist because of the large rotational band built upon the isomeric state. The importance
number of high€ orbitals around thez=72—74 proton Of establishing th&K”=8" rotational band is that it allows
Fermi surface K is the projection of the total intrinsic an- the underlying single-particle configuration of the isomer to
gular momentum onto the nuclear symmetry axis of a debe confirmed through thal=2 to Al=1 y-ray intensity
formed nucleus As a consequence of the charge indepenPranching ratios. As a consequence, the single-particle con-
dence of the nuclear force, similar highstates are known figuration of the isomeric state in R¢f] was not unambigu-

to exist in the mass 130—140 region which are based upofUsly deduced. In another study b?gG,d [9], only prompt
the N=72—74 neutron orbits. For exampl&”™=8" iso- ata were recorded and even though it might have been pos-

. . . sible to observe the transitions in the rotational band it would
meric states are known in all of the even-eWgs 74 iso-

not have been possible to link the band into the known level
tones, ixe [2], &Ba[3], HCe[4) ENdIS] SmIEL  gome

and 'g;Gd[7] with half-lives ranging from nanosecongse) This paper describes the result of an experiment which
to milliseconds(Ba,Ce. The half-lives of these states are a populated high-spin states ##5Gd in order to establish the
result of theK-selection rule which implies thag-ray tran- K 7=8" rotational band**%Gd is the most neutron-deficient
sitions involving large changes iK are hindered8]. Al N=74 nucleus which can realistically be studied using a
though the decay mode of these mass 130-140 isomeristable beam and stable target combination with a fusion-
K™=8" states generally differs, ifsBa, ‘syNd, 55Sm,  evaporation reactiofd]. In this experiment, & "=8" rota-
and 1§’de it proceeds via afEl transition to thel =87 tional band was established #i%d by using a technique of
member of the yrast band. However, despite this similar deeorrelating prompt and delayeg-ray coincidences across
cay mode theB(E1) transition strengths are observed tothe 6 us isomeric state. From the intensity branching ratios
vary by a factor of~40. Reasons for this variation have beenof the prompt transitions in th&™=8" rotational band,
suggested to be due to either a change in the underlyindgx —dr)/Qo| values have been extracted which confirm the
structure of the isomeric state itself or that of the yrast 8 underlying single-particle configuration of the isomer. In ad-
state to which the isomer decalyd. dition, a series of higher-lying transitions was observed
The observation of isomeric states, without the observawhich is reasoned, on the basis of the systematics of similar
tion of the associated rotational band, is generally related tbands in this region, to be associated with a four-
the conditions under which an experiment is performed. Foguasiparticle structure. These additional transitions also de-
example, in a previous study 8f%Gd [7] aK™=(8") iso-  cay through the™=8" two-quasiparticle isomeric state in
mer with half-life 61 us was observed. However, becauseaccordance with th&-selection rulg8]. This measurement
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represents only the fourth case where a rotational band has TABLE I. The energies and intensities for all of the prompt
been observed built uponk™=8" isomeric state in thé\ v-ray transitions which were correlated with the delayed transitions
=74 chain of isotones. from the decay of th&™=8" isomeric state int34Gd. The errors

on the energies and intensities have been deduced from the spread
in their distribution in a series of different spectra. The top panel
shows the transitions which are placed in the level scheme and the

States above th&™=8" isomer in38Gd were populated bottom section shows the unplaced transitions which are most likely

with the 1%6Cd(3%Ar,2p2n) reaction. The target consisted of P& f the higher-lying four-quasiparticle bands.
a single foil of 1°Cd of thickness 55@g/cn?. The~1 pnA, : ) —
180 MeV, *°Ar beam was supplied by the K130 cyclotron at E, (keV) Normalized! , (%) il
the University of Jyvakyla Finland. Prompty rays were K™=8"

detected with 23 escape-suppressed germanium detectorsof

Il. EXPERIMENT

the JUROSPHERE spectrometer which consisted of 13 39592 1007) (9)—=(8)
EUROGAM type-l detectors(of relative efficiency ~70%) 414.81) 49(6) (107)—(97)
[10] and 10TESSAtype detector$ll] (of relative efficiency 427.61) 41(5) (117)—(107)
~25%). The total photo-peak efficiency of the@ROSPHERE 433.03) 40(5) (127)—-(117)
array was measured to bel.5% at 1.3 MeV. The recoiling 810.95) 39(6) (107)—(87)
nuclei were separated from the beam particles byrite 843.25) 54(14) (117)—(97)
spectrometef12] and were implanted into a 80 M85 mm 860.15) 23(4) (127)—(107)

silicon (Si) strip detector at the focal plane &iTu. Two

. . Unplaced higher-lying rotational band
EUROGAM-type detectors, without Compton suppression P gher-ying

shields, were placed as close as possible to the Si-strip de- 172.64) 27(5)
tector in order to detect isomeric or delaygdrays which 208.93) 36(4)
were emitted from the decay of tH€"=8" state within 229.46) 23(4)
~20 us of a recoiling nucleus being detected in the Si de- 252.42) 39(6)
tector. 260.83) 34(4)

Data were recorded with the condition that eitliar a 284.94) 32(4)
single prompty-ray transition was detected in th®Ro- 298.54) 12(4)
sPHEREarray and a recoiling nucleus was detected in the Si 345 19 32(4)
detector, and/ofb) a recoiling nucleus was detected inthe Si 45 g 41(5)
detector and a delayed ray was detected up to 20s later 832.42) 58(7)

in the twOEUROGAM detectors at the focal plane. The rate of
recoiling nuclei implanted into the Si detector was limited to
~4000 per second which corresponded to a progaptrate  Gates set on the previously observiell delayed 220.8-,
of ~500 per second in th&uROSPHERESpectrometer. In the 384.4-, 489.1-, and 555.6-keV yrast transitions and the de-
experiment, a total of 5.810° prompt events were corre- layed 583.2-keV transition if®Gd, identified a total of 17
lated with delayed events iw5—6 days of beam time. En- new prompt transitions which feed tH€"=8" isomeric
ergy and efficiency calibrations were obtained witfiBa  state. These prompt transitions are listed in Table | and a
and 1>%Eu radioactive sources which were placed both at they-ray spectrum is shown in Fig. 1. The promyptays in this
JUROSPHERHRarget position and at the Si detector position atspectrum appear to form a sequencévesd rotational bands.

the focal plane oRITu. The transitions which lie directly on tofwith the largest
intensity) of the K™=8" isomeric state hav 1 transitions
IIl. DATA ANALYSIS AND RESULTS around 396-433 keV with the correspondiBg crossover

transitions between 811 and 861 keV. The second band,

A series of two-dimensional matrices were created andvhich lies at higher excitation energwith a lower inten-
the analysis was performed with theJ8Ak” [13] software  sity) hasM1 transitions around 173-343 keV. The corre-
package. In particular, a recoil-gated- y matrix was cre- spondingE2 transitions(which are expected at 440-560
ated, which contained only those prompt events which wer&eV) were not observed in this work. The only other new
detected in JUROSPHEREIN coincidence with a recoiling transition in these spectra, which is not expected to be an
nucleus in the Si detector. In this matrix, it was observed thainterbandM1 or an in-bandE2 transition, based on the
the y-ray yrast transitions in**Gd corresponded to only known bands in this region, is the 832.4-keV transition
~9% of the total number of events. The other main channelshown in the inset to Fig. 1. In comparison, #°Sm [14]
were 1¥8Sm (=21%), *Eu (=28%), ¥'Sm (=14%), there is an 866.8-keV transition which links the low-lying
and 1¥%Eu (=8%). These data were also sorted into a serieK =8~ and higher-lyingk "= (12") isomeric states. By
of prompt (y-ray-detected inmfUROSPHERE versus delayed analogy this is the most likely explanation for the 832.4-keV
(y-ray-detected at the focal planenatrices with various transition in%Gd. Figure 2 shows the partial level scheme,
time limits, from zero up to three half-lives of the isomeric which concentrates on the decay of tK€=8" isomeric
state(~20 us), after a recoiling nucleus was implanted into state in **Gd, deduced from this work. It should be noted
the Si detector. that there were neither sufficient statistics to perform angular

In order to ascertain which transitions feed th&=8" correlations nor to check the coincidence relations between
isomeric state, the prompt versus delayed matrix was usethese prompt transitions. This is partly because the band has
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FIG. 1. A sum spectrum of prompt transitions detected in the FIG- 3. A spectrum of delayed yrast transitions #Gd ob-
JUROSPHEREArTay by gating on the delayed 220.8-, 384.4-, 489.1-;S€rved by gating on the prompt 172.6-, 208.9-, 229.4-, 252.6-,
and 555.6-keV yrast transitions and the delayed 583.2-keV transi60.8-, 284.8-, 298.5-, 395.5-, 402.0-, and 414.8-keV transitions in
tion in 138Gd. The spectrum was also gated by the region of timethe newly established"=8" band.
from O to 9 us after a recoiling nucleus was implanted into the Si

detector and was background subtracted with the later time region gglayed matrix and projecting out the delayed transitions..
to 18 us. Figure 3 shows the sum of gates on the new prompt transi-

tions in this matrix. In the figure it is evident that the only

: ; : . transitions which are in coincidence with these new prompt
a small intensity € 1.4% relative to the yrast band if*%Gd o .
y & 9 y transitions are the delayed members of the yrast band in

and therefore, corresponds to a very small percentage of thgng_ Indeed, there are no other transitions in the entire

total fusion y-ray yield. These transitions have only beeﬁ” spectrum. As a control it was also checked that by setting

rompt with delayed transitions across the isomeric statgandom gates on the prompt axis of this matrix the delayed
promp Y 138Gd yrast transitions were not observed.

However, in support of the ordering of the transitions in the
K7™=8" band, the sum of any two adjacemtl y-ray tran-
sition energies is equal to the correspondig transition
energy as expected for these highvands. In order to establish the configuration for the new band
In order to confirm that these prompt transitions are defithe systematics ok”=8" bands in this mass region have
nitely from 138Gd, they have to be correlated with the de- peen considered. In add|t|o[1|(gK—gR)/Q0| values have
layed decays from the isomeric state. This was achieved biyeen deduced from thal=2 to Al=1 y-ray intensity
gating on the new prompt transitions in the prompt versugranching ratios, see Table I. The amount of quadrupole ad-
mixture in the dipole Al =1) transitions was calculated in

IV. DISCUSSION

- (127) 3908 the strong-coupling limit of the rotational model with
433 ) , 5
3473 (1) : 861 . o 2K4(21—-1) E7 17 @
428 2y _ _1_K)ES 7'
| (100 3045 (1+6% (I+1)(1-1+K)(I1-1-K) E3 I
o 415 where 6 is the quadrupole/dipole mixing ratics and 17,
2629 () ~ 8 respectively, refer to the transition energi@s MeV) and
556} (8 2233 intensities and the subscripts 1,2 refedtb= 1,2 transitions,
respectively. The ratio of thg factors to the quadrupole
KF=8" [ moment,Q, is then calculated by
8* 1650 e
(9k—9r) E
IR 0.933——. )
6+ 1094 Qo oVIc—1
. 138 These equations assume a well-defiednd Eq.(1) only
4 605 Cd yields the magnitude o8 and not its sign. In this work the
o o1 sign of |(gk—9ggr)| remains ambiguous because it was not
o R possible to measure angular correlation ratios to deter#ine

for the transitions in the band. However, the negative sign of
FIG. 2. A partial level scheme of*éGd which focuses on the & was reasoned from a comparison with the angular correla-

prompt transitions in th&™=8" rotational band established in this tion measurements for the transitions in Ki&=8" band in

work. 1365m[14], and the theoretica] factors, discussed below.
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<

Figure 4 shows thegk —gg) values for theK™=8" band i a—""" \
in 1%Gd (filled squares and the weighted average value, T *n ]
—0.31+0.03, is shown by the thick-dashed line in the figure. 3t ;f;g,sf_]?“d /.A .
Also shown in Fig. 4 are thegi—gg) values for theK™ RS . ./ I
=8~ band(open hexagonsn *°sm[14] and its weighted Ir P S ]
average value;—0.37+0.05, indicated by the thick-dotted 4 - S s L . L .
line. In the calculation, it is assumed th@y=4.5¢ b from 05 0.15 0.25 0.35 0.45
the lifetime measurements of the lowdst=2" state in ho (MeV)
136sm [15]. The similarity in the gx—ggr) values for the
K™=8" bands in these neighboriig= 74 isotones permits FIG. 5. The experimental aligned angular momentiyior (a)

the following conclusions to be drawn: Thg{—gg) values the yrast anck"=8" bands in***Gd, (b) the yrastK"=8" and
for 138Gd all lie close to—0.4, and assuming a prolate shapeK™=(12") bands in***sm (Ref.[14]), and (c) the yrastK™=8"
[15], the most favorable configuration for the™=8" iso- ~ andK7=12") bands in'*Nd (Ref.[17]). See text for the expla-
mer is the two quasineutrof514]9/22[404]7/2 configura- hation of the dashed line in pane).
tion which has a theoreticabf — gg) value of —0.4, consis-
tent with the experimental value. As noted in Rdf4], any  values, give evidence that the new transitions are based on a
other configurations around the neutron Fermi surface aWwo quasineutrorK”=8" [514]9/2®[404]7/2 configuration
these deformations haveg— gg) =—0.7 and any proton or- in *¥%Gd.
bits which could couple t&™=8~ have @x—ggr)=+0.6, In contrast the aligned angular momentum of the higher-
both of which are inconsistent with the present data. In sumlying transitions(assuming they form a rotational band with
mary, the @ —ggr) values favor a two-quasineutr¢f14]9/  ascendingy-ray transition energies of 209, 229, 253, 261,
2©[404]7/2, K™=8~ configuration for the new band in 285, and 299 keY does not appear to follow the expected
1385, trend based on the systematics of other four-quasiparticle
The experimenta| a|igned angu|ar momentum, (or K=12 bands in the region. Figure 5 shows that the alignment
alignmeni [16] for the yrast andk =8~ bands in'3Gd are  Of a band with these propertig¢glotted lines in Fig. &)]
shown in Fig. %a). A reference band with Harris parameters Would increase too rapidly, with rotational frequency, rela-
Jo=11.01%MeV and J,;=25.8%*MeV? has been sub- tive to the behavior of the four-quasiparticle bands in the
tracted from each band. Also shown in this figure are theheighboring isotones. This is most likely because these
aligned angular momentum of the yragt”=8" and K™ higher-lying transitions arise from more than one four-
=(12") bands in(b) ¥%Sm[14] and (c) the K™=8~ and  quasiparticle structure like those observed-ifNd [17] and
K™=12") bands in'3¥Nd [5,17], respectively. The gain in 13655m [14]. Unfortunately the present experiment did not
alignment observed in the yrast band nkar~0.3 MeV has _have sufficient statistics to unravel this complicated behav-
been shown to be due to theg,, proton crossing; the lowest 10"
neutron configurations are expected to align at a higher rota-
tional frequency[18]. The initial alignment of theK™=8"
band in **Gd, at low rotational frequencies, is about -3
and is consistent with that expected from the coupling of the
two quasineutron[514]9/2®[404]7/2 configuration. The In summary, the correlation of prompt versus delayed
alignment of this band is also very similar to that of the othery-ray coincidences across an isomeric state has been shown
K7™=8" bands in'**Sm and'3/Nd, see Figs. %) and 5c).  to be a very powerful technique for selecting low-intensity
These similarities, when taken together with thg € gg) rotational bands. AK™=8" collective rotational band has

V. CONCLUSIONS
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