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Decay scheme and magnetic moment of a new isomeric state $iY
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A new isomeric state has been identified at 302.2 keV excitatioR®¥h populated by the®®Sr(p,n),
#Sr(d,2n), and*Rb(®He, ) reactions at the energi€ =14 MeV, E4= 13.5 MeV, andEs=30 MeV. The
decay scheme was investigated by pulsed-bearay spectroscopy. Itg factor was measured by the time-
differential perturbed angular distribution method in external magnetic field. The isomer properties
=125 ns,J7=7", andg= —0.083(3) were determined. The transition strength andgtffector indicate a
superposition of single-particle and collective contributions. gliactorg= +0.542(9) has been determined
for the 5/2° 266.3 keV 178 ns isomeric state fY.

PACS numbgs): 21.10.Tg, 21.10.Hw, 21.10.Ky, 27.50e

I. INTRODUCTION Il. EXPERIMENTAL PROCEDURE AND RESULTS

The experiments have been carried out at the U-120 cy-

Durmg the last degade the Y nucIeZ(=_39) r_lave peep clotron in Bucharest. The excitéfY nuclei were populated
the subject of experimental and theoretical |nvest|gat|on%y the 8Sr(p,n), #Sr(d,2n), and ®Rb(3He,2n) reactions

which rgvealed an ev_olution of the nuclear structure anngNith pulsed beams of protonsEf=14 MeV), deuterons
the chain, from spherical shgpes near the shell closuhe at-(Ed:13_5 MeV), and 3He (Esye=30 MeV). The pulsed
=50 towards large deformations when the neutron number igeam characteristics were pulse width of 4 ns and repetition
approaching the middle of thep-d shell. The high-spin  neriod of 4 us. Thick targets of isotopically enriched com-
level sequences observed in the odd-m&¥(N=50) [1]  pounds of®*SrCO, (97.6% 2°Sr) and®°RbCl (99.7% °Rb)
and ®Y (N=48) [2] were successfully described by spheri- were used. The deexciting rays were detected by large
cal shell-model calculations in the model spacevolume HPGe and planar Ge detectors and(Nalcrystals
m(2P312,15/2,2P1/2:19912) ¥(2P112, 1902, enlarged in the of 6 mm thickness. Energy spectra corresponding to various
case of the semimagi€® by the inclusion of the 85, time intervals with respect to the beam pulse, as well as time
neutron orbital. A weakly deformed shape wir0.15  spectra gated by selected energies were registered.
—0.20 has been established 8 [3], while large quadru-
pole deformations of3~0.25-0.35 have been determined
for the rotational bands if®Y [4] and &Y [5] based on
highly enhanced transition strengths B{E2)~ 70— 130 The lowest-lying states known if% are a 5 level at
Weisskopf unitgW.u.). Regular rotational bands have been208.1 keV and two isomeric states, & 8tate at 218.3 keV
also identified in the odd-od&Y [6], 82y [7-11], and8%  and a 2 state at 242.8 keV, with half-lives of 43 min and
[12], and the corresponding shapes at high spin were foun@8.5 ns, respectiveljl4]. The 208.1 and 242.8 keV levels
rather similar to those in the neighboring odd-mass nucleideexcite by direct transitions to the 4ground state, while
On the other hand, at low energies complex level structurethe 218.3 keV isomer deexcites by a 10.2 KE¥ transition
often involving isomeric states are resulting by the couplingto the 5~ 208.1 keV level.
of the odd proton with the odd neutron. In order to elucidate In our pulsed-beam measurements performed by irradiat-
the connection between the high-spin structures and the lowng the 8SrCQ; target with protons and deuterons, prompt
lying states a better knowledge of the isomer properties ig-ray spectra coincident with the beam pulses, as well as
necessary. Detailed studies of the low-lying isomeré®  delayedy-ray spectra corresponding to various time intervals
[13] and 82y [7,9,10 were recently reported. inbetween the beam pulses were registered with HPGe and
The structure of théN=47 odd-odd® nucleus situated planar Ge detectors. Figure 1 illustrates a delayed spectrum
at the border between the spherical region and the deformeegistered in the time interval 50-170 ns after the beam
one is much less known. A few low-lying states are knownpulse with a planar Ge detector. From such spectra the pres-
from the decay off®Zr [14], while several states of the yrast ence of a new isomeric decay f?Y, which involves the
band have been reported from in-beanray spectroscopy 83.9, 94.1, and 208.1 keY rays, has been inferred. As seen
studies[15,16. Detailed investigations were recently under-in the decay curves presented in Fig. 2, theseays have
taken in this laboratory to elucidate the structure®®f at  similar time behaviors corresponding to an average half-life
both low and high excitations. By applying the pulsed-beanof T,,=125(6) ns. Based on the known level schem&%ft
technique in light-particle induced reactions a new isomeridhe isomer has been placed at 302.2 keV excitation energy,
state has been identified. In this work we report on a detailethe 83.9 and 94.1 keV isomeric transitions populating the
study of the isomer properties including the magnetic mo218.3 and 208.1 keV states, respectively. The multipolarity
ment. The study of the high-spin structures using fusion-of the 94.1 keV transition has been established based on its
evaporation reactions induced by heavy ions is in progrestotal conversion coefficient deduced from the experimental
and the results will be reported later. intensity ratio of the delayed 94.1 and 208.1 keV cascade

A. Decay scheme of the new isomeric state
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FIG. 3. Decay scheme of the 125 ns isomeric staté®¥h The
data concerning the 5and 8" levels where taken from Reff14].
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500 |
839 208.1 inolarity wi =
+E2 multipolarity with | §(E2/M 1)|=1.07(22)[17]. By us-

iNg a,(208.1 keV)=0.052(5) [14,17] a value a;,(94.1
*F keV)=1.38(10) was deduced which, compared with the the-
oretical values 0.13E€1), 0.21 M1), and 1.33 E2) (Ref.
[18]), allowed to assign &2 multipolarity to the 94.1 keV
or , , \ ) transition. The spin-parity”=7" was therefore assigned to
200 400 600 800 1000 1200 the isomeric level aE,=302.2 keV and arEl character
resulted for the 83.9 keV transition to thé 8someric state.
From the delayed intensity ratio 0.1®5 of the 83.9 and

FIG. 1. Delayed spectrum corresponding to the 50-170 ns tim®4.1 keV transitions, the branching ratios @)% and
interval. Transitions assigned f8Y are labeled by energies. The 91.83)%, respectively, were deduced. The established level
242.8 keV y-ray deexcites the 2 28.5 ns isomer irf®Y [14]. scheme for the new isomeric state3Y is presented in Fig.

3.

transitions according to the relatiol(94.1 keV)A(208.1 In a previous study of®Y through the®Rb(«,3n) reac-
keV)=[1+ ay(208.1 keV)][1+ ay(94.1 keVJ]. A value tion using techniques of in-beamray spectroscopy a level
of 0.441(46) for this intensity ratio was determined from the at 302.3 keV depopulated by a 94.2 ke\fay in coincidence
delayed spectra corresponding to the 200—-400 ns time ranggth the 208.1 keVy ray, has been placdd9]. In that work
where they-ray angular distributions are isotropisee next a spin(6) was tentatively assigned to the 302.3 keV level
section. The 208.1 keV is known to have a mixed1  based on a large negative angular distribution coefficlent
for the 94.2 keV transition. Most likely the 302.3 keV level
observed in the®®Rb(a,3n) reaction is the same with the
”Y presently observed isomeric level, however the level spin
assigned in Refl19] is not confirmed by the present work.

242.8

Channels

104}
[ o 83.9keV

¢ 941 kev B. g factor of the 7~ isomeric state
o 208.1 keV

For the g-factor determination the time-differential per-
turbed angular distributiofTDPAD) method has been ap-
plied. The deexcitingy-rays were detected with thin NAl)
crystals. Two independent TDPAD experiments were per-
formed. In the first experiment the isomer was populated in
the ®Rb(®He, ) reaction using as target the chemical com-
pound of 8RbCl with cubic crystalline structure and the de-
tectors were placed at=*+135° with respect to the beam
direction. In the second experiment the targef8rCcQ, in
the powder form was irradiated with protons and the detec-
tors were placed a#=0° and 90°. The target was placed in
10 . . | | . an external magnetic field applied perpendicular to the beam-

0 0.2 0.4 0.6 0.8 1 1.2 detection plane. The measurements have been performed at
room temperature and different strengths of the external
magnetic field.

FIG. 2. Decay curves obtained from time gated energy spectra The time spectra(6,t) gated by the 94.1 and 208.1 keV
registered with the planar Ge detector. delayedy rays, background corrected and normalized, were
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[ multipolarity assignmentprevious subsection The larger

~01F Ham32046 ©=0and 90 value of theA, in the case of the 208.1 keV ray is in
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5 e accgrdanc;e W|t|r|1 its rglxelsfﬂ 14;1 E2 'cha;acteh[14,1'ﬂ' and |tsff.
Time [ns] p_05|t|ve sign allowed to fix the sign or t.e mixing coeffi-

cient (E2/M1)=+1.07(22). As seen in Fig. 4, in both ex-
FIG. 4. TDPAD spectra of the 94.1 and 208.1 keMays de-  periments the amplitude of the Larmor oscillations was

exciting the 125 ns isomeric state Y. found to decrease in time. The effect was more pronounced
] . in the case of the SrCQtarget, where after=200 ns the
used to construct the experimental ratio angular distribution became isotropic. The observed reduc-

1(6,0)—1(6+90° 1) tion of the initigl a'nisot.ropy indicatg perturbing interactions
Rexg(1) = ! ey (1)  at the Y nuclei sites in the chemical compounds used as
1(6,t) +1(6+90°t) targets.

A by-product of the present experimental work is the de-
termination of the magnetic moment for the 5/266.3 keV
178 ns isomeric state if°Y [20]. This state was populated
by the #Rb(®He, &) reaction in the experiment performed

Rined 1) = b, €7 V7elcosA ¢ — w) 1), (20  with the ®He beam on the RbCI target. The TDPAD spec-

trum of the 266.3 keVy ray corresponding to the 5/2

in which the amplitudeb, related to the effective angular —1/2" transition is presented in Fig. 5 together with the
distribution coefficients\,, the relaxation timer,, the Lar-  corresponding fit. From these data a value
mor precession frequeney., and the phase depending on
the d%tector positio?I ang?leL and the bgam-él;endﬁng in t%e mag- exdl 512 29Y)=+0.5429)
netic field were free parameters. On the basis of the Larmoy
frequencies obtained from the above presented procedure
the (p,n) and GHe,2h) experiments consistegtfactor val-
ues were determined which led to an averggdactor w(5/27 ,85Y)=+1.35522) nm,

lllustrative Re,{t) ratios obtained at the highest magnetic
field strength of 32 kG are shown in Fig. 4. They were least
squares fitted to the expression

s been obtained for thefactor of the 5/2 isomeric state
in Y, corresponding to the magnetic moment

— 8 _
Gexd 7 °Y)=-0.0833) in very good agreement with the valye=+1.33(8) re-

corresponding to the magnetic moment ported in Ref[21].

w(7,%%Y)=-0.58121) nm. 1. DISCUSSION

The effective angular distribution coefficients derived The Y nucleus has one proton above the spherical sub-
from both experiments wereA,=+0.103(11) andA, shell closure aZ=238 and three neutron holes in thggl
=+0.159(7) for 94.1 and 208.1 keV transitions, respec-orbital below theN=50 shell closure. The structure of the
tively, the positive sign being established from the measurelow-lying levels can be interpreted by the coupling ¢f;2,
ments with the detectors placed at 0° and 988e Fig. 4  2psp», 1fs,, and Igg, proton orbitals with the @4, and
The A, determined for the 94.1 ke ray supports th&2-  1gg, neutron orbitals. The 4 ground state and the Sstate
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TABLE I. Transition
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strengths if>8%.

E, E, Branching B(o\)
Nucleus  (keV) 9 (keV) JT—J7 o\ ratio (%) (W.u.)
85y 266.3 1786) ns 266.3 5/2—1/2" E2 100 0.1074)2
86y 218.3 431) min 10.2 8§ -5~ E3 100 0.0383)"
242.8 2821 ns  242.8 2 4 E2 100 1.008)°
302.2 12%6) ns 83.9 7 8" El 8.23) 3.2(2)x10° ¢
94.1 7 —5" E2 91.83) 10.65)°

3From Ref.[20].
°From Ref.[14].
®Present work.

at 208.1 keV were interpreted as the two members of th
7T2p1,® vlgg, multiplet [22], while the 8" isomeric state
was described by the1ggy,® v1gg, configuration[23,24.

In the proton-neutron coupling scheme the @nd 7 iso-

Gemd [ T2P1/20 v1ggp]5~ ®27)=—0.084(27) is in excel-

lent agreement with the experimentafactor.
Similar conclusions concerning collective contributions
are also inferred for the 2isomeric state irf®Y. As seen in

mers could be the lowest and highest spin members, respetable |, it decays through a2 transition enhanced by an

tively, of the w1f5,® v1gg, multiplet. To check this assign-
ment we compared the experimentlfactor of the 7
isomer with theg factor calculated using the additivity rela-
tion and empirical values for the odd-partiddactors. The
presently determined valug(5/2,%Y)=+0.542(9) and
the valueg(9/2",8°Sr)= —0.222(1)[25] were used for the
factor of 1fg, proton and B, Neutron states, respectively.
The calculated g factor gemd[71f5,® v1gg,]77)
=+0.051(5) is, however, rather different from the experi-
mentalg factor ge,,= —0.0833), what could indicate some
other contributions in the wave function of the 7state.

order of magnitude compared with the proton transition in
Y. Moreover the g factor of this stategef(2~,%Y)
—0.53(3) [25] differs considerably from the empirical
value gemd[ 71f5,® v1gg,]27) = —0.859(13). We calcu-
lated theg factor for the 2 state described by coupling the
[ 72p1,® v1ggp]4~ configuration with a 2 phonon. The
obtained valuegemd[ 72p1,® v1ggpl4~ ®27)=—0.55(6)
reproduces very well the experimental value.

The strengttB(E2)=10.6(5) W.u. of the 7—5" tran-
sition in 8% is comparable with transition strengths deter-
mined for low-lying states in the odd-odd nucléf8%

Further insight into the isomer structure was obtained fronj11,12 what indicates similar contributions of single-particle

its decay properties. If the 7 state has therlfs,® v1gg,
configuration, the transition to the 5state with themr2p4»
®vlgg, configuration has to be compared with thés3
—2py, proton transition in the neighboring®Y. The re-
duced transition strengths of isomeric transitions®af%
are collected in Table I. The strend®{E2)=0.107(4) W.u.
for the 266.3 keV transition if°Y indicates a single-particle

and collective excitations. Th&(E1) value of the 7
—87" 83.9 keV transition(see Table)l is also comparable
with the reduced strengths &1 transitions in these nuclei
[10,12. On the other hand the evolution of the collectivity
with spin was found different in the two nuclei. BfY (N
=43) theE2 transition rates are increasing with spin up to a
saturating value which is an order of magnitude larger com-

character. On the other hand, the enhanced transitiopared to theB(E2)~7 W.u. reported for the 6:4 transi-

strengthB(E2)=10.6(5) W.u. for the 94.1 keV transition
points to collective contributions. Assuming the coupling of
the[ m2p1,® v1gg,]5~ configuration with a 2 phonon, an
estimate of theg-factor was performed by using the value
g(1/27,8%Y)=—-0.275(1) for the P, proton state and
g(2",88sr)=+0.275(50) [25]. The derived value

tions in both positive and negative parity structuféq],
while in 8% (N=45) the B(E2) remains rather constant
with values of 20—30 W.u. over the spin range. The study of
86y at high spins will be of large importance for elucidating
the behavior of high spin structures in odd-odd nuclei with
neutron number approaching the shell closure.
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