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Abstract

The spectroscopic quadrupole moment oftie= K™ = 141, T1/2 = 41 nsisomer it %W has been measured by observing
the time-dependent quadrupole interaction pattern of the decay radiation from the isomer implanted in the polycrystalline
metallic Tl host. The resulQs| = 5.99(1”8‘82) eb corresponds to an intrinsic quadrupole momggt= 7.37(1”2'8%) eb, similar
to the ground-state band quadrupole moment. The vajue: 0.26934) has been deduced for the rotatiogaactor of the
14% isomer on the basis of the measured static moments and branching ratios in the associate®bafdElsevier Science

B.V. All rights reserved.
PACS: 21.10.Ky; 21.10.Re; 21.60.Ev; 27.70.+q
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The structure of highk states is a subject that has efforts have been paid to understand thdorbidden
found renewed interest in recent years. Highwulti- transition probabilities, particularly the anomalously
quasiparticle configurations abound in the~ 180 low hindrances observed in several cases [1]. High-
region, where deformed nuclei with axial symmetry K multi-quasiparticle states are also sensitive probes
have valence nucleons in Nilsson orbitals with large of pairing correlations. With increased seniority the
angular momentum projections on the symmetry axis. nuclear pairing force becomes quenched, what could
Due to the approximate conservation of tkiequan- affect important physical quantities as the excitation
tum number, these states are often isomeric as their de-energy, the moment of inertia and the collective gyro-
cays to states with lowet values are hindered. Much  magnetic ratio [2-5].

The knowledge of the nuclear shape is essential
for characterizing the higlk states. Usually it was
E-mail address: bujor@ifin.nipne.ro (M. lonescu-Bujor). assumed that the multi-quasiparticle states have the
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same deformation as the ground state, however shapevalue could be deduced. A partial level scheme of
polarization effects due to particular orbitals could 175W showing the decay of the isomer and thé = 1

be present. The quadrupole moment is an observableband developed on it, is presented in Fig. 1.

guantity that can directly determine the nuclear de-  The quadrupole interaction (QI) of the f14so-
formation. To date static quadrupole moments have meric state withTy, = 41 ns [13] has been inves-
been measured only for few higki-isomeric statesin  tigated in the electric field gradient (EFG) of the
the A ~ 180 region: 25 in 1820s [6], 16" in 178Hf polycrystalline lattice of metallic Tl by applying the
[71, 273* in 77 u [8], 271* in 173Ta [9] and 375* in time-differential perturbed angular distribution (TD-
179 [10]. The comparison of the determined quadru- PAD) method. The experiment was carrie_d out., as in
pole moments with the ground-state moments shows Ref. [13], at the XTU-Tandem at Laboratori Nazionali
rather different behaviours indicating that in some gjé4Leg?§1ro. Th7e Isomeric state was populatedGm the
cases shape changes could be induced by the multi-— PY( O, 4n}"W reaction using an 83 MeV O
quasiparticle orbitals. The most surprising result has Pulsed beam. Th&%0 beam has been pulsed with a
been recently reported for ti& ™ state in”W in- pulse width of 1.5 ns, a repetition period of 800 ns
vestigated in a perturbed angular distribution exper- and a suppression of the continuous beam |.n-between
iment using the polycrystalline metallic Tl as lattice the beam bursts ‘?“16104- The_target conS|soted of
host [10]. In that study an isomeric state quadrupole 0.5 mg/en® metallic ***Dy (enriched to 95.6%) on

moment much lower compared to the ground state mo- a backing consisting of an evaporated layer of Tl of

. L : 10 mg/cnm? in which the recoiling W nuclei were
ment has been determined, in disagreement with the
current theoretical predictions. stopped, followed by a layer of 50 nigm? Pb that

In the present Letter we report the measurement of ;topped the!®O projectiles and prevz_anted T c_inda—
the quadrupole moment for the™ = 14+ 3746 keV tion. The target has bgen mounted in a special oven
isomeric state it’®W. To investigate the quadrupole which could be electrically heated and allowed the
interaction we have chosen the same lattice host aScontrol of the temperature. Two independent measure-
used in the study of th&~ state in*"%W [10], aim- ments, all’ = 404(3) K andT = 464(3) K, have been
ing to obtain a direct comparison of the highisomer carried ou_t. .ThQ/—rays were detected by Ge detgctors
guadrupole moments, independent of the internal field of 25% efficiency placed at the anglesahd 90 with

calibration. The 14 isomer in1"®W is an interesting  '¢SPeCt o the beam direction.

high-K isomer whose decay highly violates the nor- " In ofi—hcrj]e analysis Otf thedllst—mode stto;et(_j data,
mal K -selection rules, as it mostly proceeds directly |M€-9ated €nergy spectra and energy-gatedime spec-

to K = O states bypassing available levels of inter- tra were created for each detector. An illustrative de-
mediateK [11,12]. In a previous paper [13] we re- layedy spectrum reglstered_ in the time '.”tef"a' 30._
ported a measurement of thefactor for this isomer. 110 ns after the beam burst is compared in Fig. 2 with
On the basis of the obtained valug14*+, 176w) = the totaly spectr_um. Fr_om these spectra one can ob-
+0.475(15), a pure four-quasiparticle configuration, serve that the I#isomeric state was very weakly pop-

7t 9- ulated. An isomer intensity that represents abot%2
composed by two protons in tHe 404 and3 [514) of the 178 reaction channel has been deduced, sim-

orbitals and two neutrons in tl‘@+[633] and3 " [512] ilar to the isomer yield reported in the spectroscopic
orbitals was assign to this isomer. The main aim of the study of [12] performed with th&Nd(3°Si, 4n) reac-
present study was to determine the shape of this four- tion. In the TDPAD experiments it is convenient to an-
quasiparticle state. Another purpose of the work was alyze transitions which depopulate the isomeric state,
to look for possible effects of the pairing quenching as they have no prompt components in their time spec-
on the collectivegr factor of the multi-quasiparticle  tra. In the present case however the isomeric decay
configuration. The 1% isomer is the bandhead of a g fragmented over many weak branches (see Figs. 1
Al =1 band for which the8(M1)/B(E2) ratios have  and 2), therefore in the analysis we have used the
been determined experimentally in Ref. [12]. On the intense 240, 351, 440, and 558 keV delayedays
basis of the derivettx — gr|/Qo value and the mea-  depopulating the yrast states which are collecting all
sured static electromagnetic moments a reliadte  the isomer intensity. A resolution of about 11 ns has
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Fig. 1. Partial level scheme &f [11,12] showing the decay of the t4somer, as well as the strongly-coupled band developed on it.

been obtained in the time spectra corresponding to with the angular distribution coefficiert, and the QI
the y-rays of interest. The summed time spectra for frequencywg as free parameters. The quadrupole fre-
the 240, 351, 440 and 558 key-rays, after back-  quency decreases quadratically with the dpamd, for
ground subtraction and proper normalization, were an integer spin, is given byo =3rvo /21 (21 — 1),

used to construct the experimental ratiBgp(r) = where vp = Q,V,./h is the quadrupole coupling
[1(z,0°) — I(¢,90°)]/[1(¢,0°) + I(¢,90°)], which we- constant depending on the spectroscopic quadrupole
re least-squares fitted to the expression: moment Q; and the EFG strengtlv,,. The spin-

3 dependenty, coefficients in the theoretical expres-
Rihed(t) = ZAZZSZ" cosnwot) (1) sion (1) were calculated according to the formulas
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Fig. 2. Total (a) and delayed (b) energy spectra. Fhmes belonging to the decay of the 14somer in176w are labelled by energy. The
background due to long-lived activities has been subtracted from the delayed spectrum.

in Ref. [14] for an axially symmetric randomly ori-

structure at the beginning of the modulation pattern

ented EFG. Due to the high spin value and short life- could be observed. The considenedransitions have
time of the isomer, it was not possible to evidence intense prompt component in their time spectra and

the full quadrupole periody = 27 /wp and only the

therefore the analysis could be started only at about
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0.3 constant values of 127(17) MHz and 94(7) MHz for

+ 176 .
1 4 Win Tl the target temperatures of 404 K and 467 K, respec-

02| tively.
The metallic Tl host has been recently used to in-

vestigate the spectroscopic quadrupole moment of the
0.1~ 37 isomer in17%W [10]. In that work a calibration
+ L of the EFG strength for the system WTI has been
l¢| 4

provided based on a calculated valile,(WTI) =
T' ! ‘ | 2.54(25) x 1071 V/m? at T = 0 K and an experimen-

tally determined value of B(*92) x 1075 K=%/2 for
the parameteb of the 73/2 temperature dependence
law: V..(T) = V..(0) (1 — bT%/?). With this calibra-
tion the EFG strengths were derived Bs (W TI) =
0.97(*973) x 10%* v/m? at T = 404(3) K and
V. (WTl) = 0591912y » 1021 v/m? at T =

-0.08
: - : — ‘ : 467(3) K. Using these values and the measured cou-

o) T =467 K

pling constants the weighted average valgg| =
5.99(T95%)) eb has been derived for the spectroscopic
guadrupole moment. Assuming thiitis a good quan-
tum number, the spectroscopic quadrupole moment is
0.1 related to the intrinsic quadrupole momey through

the relation

mH ' N _BKZ-I(I+1)
ML R TR S @

With this relation a valueQo = 7.37(*231) eb is
obtained for the intrinsic quadrupole moment of the
K™ = 14" isomeric state. Note that this is the first
-0.2 - T=404K quadrupole moment determined in the nuclé{fsv.

By using the expression@g = J%ZRzﬁz, with R =

—0.3 N roAY3 and ro = 1.2 fm, a quadrupole deformation
’ 50 100 150 200 250 B2 = 0.29(4) has been deduced for the™ 4tate.
Available data on intrinsic quadrupole moments
for high-K isomers of seniority> 3, derived from
Fig. 3. Experimental quadrupole interaction spectra for the 41 ns spectroscopic quadrupole moments obtained in re-
o o e . o emen sy o L cOllnear fast beam laser speciroscopy (CFBLS),
240, 321, 440gand 558qke)/ rays Have been used. P Ieve_,-l mixing SpGCtI’OSCOp)_/ (LEMS) and TDPAD ex-
periments, are collected in Table 1. In the same ta-
ble are given for comparison the corresponding val-
35 ns after the isomer population. The experimental uesQo(gs) for the ground state bands, obtained from
modulation ratios obtained in the two QI measure- reduced transition probabilities of the first excited
ments are illustrated in Fig. 3 together with the theoret- 2+ states [15] and/or from measured spectroscopic
ical least-squares fits. The observed patterns indicatequadrupole moments [16]. No direct information con-
quite a strong QI temperature dependence, in accor-cerningQo(gs) is available int’6173. The existing
dance with the reported EFG temperature dependencedata in the W isotopic chain, derived from reduced
for W in Tl (see below). The least-squares analysis of transition probabilities if68-174v and180-18&y [15]
the ratiosRexp(?) led to electric quadrupole coupling indicate a smooth dependence on the neutron number

0.2

R(t)

0.1

o

Time (ns]
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Table 1

Intrinsic quadrupole moments for higki-isomers of seniority> 3 compared to the values of the corresponding ground state quadrupole

moments

Nucleus " T1/2 Method Qo (eb) 0Qo(gs)

from B(E2) (eb) [15] from Q; (eb) [16]

Wi Z 1605d CFBLS 7.33(6) [8] 26(6) [8]
178t 16t 31yr CFBLS 7.2(1) [7] @6(4) 7.07(7)
1737a - 200 ns TDPAD 8.30(12) [9] 67(70)
o 14+ 41ns TDPAD B7(T98)2 6.6(2)° 7.5(15)°
17w =N 750 ns LEMS 473(*998) [10] 6.6(2)° 7.5(15°
1820s 25" 150 ns TDPAD 4.7(2) [6] 6.9(26)

@ Present value.
b Interpolated value (see text).
C Extrapolated value (see text).

and allow to derive folt’®W and17%W an interpo-
lated value ofQo(gs) = 6.6(2) eb corresponding to a
deformationgz = 0.26(1). A somewhat higher value
of Qo(gs) = 7.5(15) eb (B2 = 0.30(6)) is obtained
by extrapolating the values of the intrinsic quadru-

as1820s [17],178w [17,18],182.184f [19] and 183Re
[20]. In these calculations configuration dependent ef-
fects on the deformation parametgks B4 andy, as
well on they-softness, have been predicted. The re-
duced value of the quadrupole moment for the" 25

pole moments derived from measured spectroscopicisomer in1820s compared to the ground state value

quadrupole moments off2states in'8%-18§y [16].
The quadrupole deformation of the highisomer in
176, determined in the present work, is within errors
similar to that of the ground state band. This is at dif-
ference to the behavior observedifPW where the
quadrupole moment of th%‘r’_ isomer was reported

was remarquable well explained as being due to tri-
axiality [17]. Such calculations are presently missing
for 178W. In the neighbourind’®W nucleus axially
symmetric shapes with ~ 0° have been predicted for
all states, and the calculated intrinsic quadrupole mo-
ments were found to increase fraBy(gs) = 7.1 eb to

to be much smaller than the ground state quadrupole a maximum ofQg(25") = 8.0 ¢b and then to decrease
moment (Ref. [10] and Table 1). We note that, as the at Qo(34") =6.2¢b [17,18]. These shape changes are

QI of the isomeric states it’®173V has been inves-

due to the presence of specific deformation driving

tigated in the same host, the ratio of their quadrupole orbitals. For a 15 state in1’8W with the configu-

moments is independent of the EFG calibration. Dif-

ration 2 [40413 [514] ® v2 163312 [514] which

ferent shape behaviours are also evidenced for otheris similar to that of the 1% state in17%W, a value

known multi-quasiparticle states (see Table 1). The in-

trinsic quadrupole moments for the highisomers in
177 u and"8Hf are practically identical with the cor-
respondingQo(gs). The highX isomer inl"3Ta has

a higher deformation compared to the ground-state,

while Qg for the 25" isomer in1820s is about 25%
smaller thanQo(gs).

of Qo(15%) = 7.5 ¢b was calculated. It agrees very
well with the present experimental intrinsic quadru-
pole moment value, what gives support for the de-
scription of the 14 isomer as an axially symmetric
deformed state with well defineki.

It is worthwhile at this point to make some com-
ments concerning the anomalous decay of ke=

Realistic treatments of the multi-quasiparticle states 14" isomer in1’5W. Usually the decay of high-spin

were recently achieved by the diabatic blocking

isomers in theA ~ 180 region proceeds via hindered

method, using a non-axial deformed Woods—Saxon transitions of multipolarity. < AK, and the probabil-

potential and Lipkin—-Nogami pairing [17]. Detailed
configuration-constrained calculations of this type

ities of such transitions are correlated with the degree
of forbiddenness = AK — A. The reduced hindrance

were performed for several nuclei in the region, such factor f,, which is defined asf, = (7},/ Tl"/\’z)l/”,
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where Tl”/2 and Tl"/"2 are the partialy-ray half-life
and the corresponding Weisskopf single-particle es-
timate, has usually values ef 100, however in few
nuclei transitions withf,, <« 100 have been observed.
The 14+ isomer in17% is such a case, with transi-
tions of 945, 714 and 917 keV (see Fig. 1) involv-
ing largeAK and very low f,, values of 3.6, 3.0 and
2.3, respectively [12]. It was recently proposed that the
K -forbidden transition probabilities are relatedyte
softness, as th¢, values were found to be correlated
with the energies of the-vibrational bands [1]. Small
reduced hindrance factoys < 5 were observed in nu-
clei with low energies of 900-1000 keV for bands,
while in nuclei with energy ofy bands higher than
1100 keV valuesf, > 10 were found. A rather low
value of 1042 keV has been very recently determined
for the energy of the -vibrational band irt "W [21],
what indicates, within the systematics discussed in [1],
thaty-softness would be partly responsible for the ob-

served small reduced hindrances in this nucleus. This

is in accordance with results ¢f-tunneling calcula-
tions [12,22].
The rotationalgr factor of a multi-quasiparticle

configuration is expected to be affected by the changes

in pairing due to the blocking of orbitals near the
Fermi surface, since it depends on the partition of
moments-of-inertia between protons and neutrons.
This quantity could be derived if the static moments
for the highX isomeric state and the branching ra-

225

figuration, the effects of the proton and neutron pair-
ing reduction appear to compensate each other and
therefore thegz (147) is very close to the rotational
valueg(2+).

In summary, the spectroscopic quadrupole moment
of the K™ = 14 3746 keV isomer it has been
measured by TDPAD method. The deduced deforma-
tion of this state is similar within errors to the value
for the ground state deformation %W assigned
on the basis of the systematics in the W isotopes.
The measured static moments (Ref. [13] and present
work) support the description of the t4state by a
deformed pure four-quasiparticle configuration with
well definedK. The anomalous small hindrances ob-
served in the decay of the isomer could be attribut-
able toy -softness. Detailed configuration-constrained
calculations in'”W would be necessary in order to
describe the experimental observed properties of the
high-K isomer.
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