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High-spin states were populated ¥fCd using the®®Zr(10,4n) reaction at a beam energy of 72 MeV. Two
magnetic dipole bands have been observed, both of which containB®akossover transitions. Lifetimes for
the stronger of the two bands were measured via the Doppler shift attenuation method. The configuration
assignment for this band has been determined from comparison with tilted axis cranking model calculations to
be 7{95597/21® Y[ 1197521 and 7[gg397:21® v[h3yA G705 '], before and after thehi;, band
crossing, respectively. The deducBdM1) strengths decrease rapidly with increasing spin aftervl’rri@,2
alignment, which is a characteristic behavior of a shears band.

PACS numbes): 21.10.Tg, 23.20.Lv, 25.70.Gh, 2760

Several bands consisting of strong magnetic dipdel]  strengths should decrease quite rapidly with increasing spin.
and weakE2 crossover transitions are known to exist in This feature has been tested for a wide range of lead nuclei,
neutron deficient Cd, Sn, and Sb nuclei in the 110 mass  ** '°%Pb[6,7], through lifetime measurements, but has only
region. These structures have properties which are very simpeen tested in a few cases in the-110 mass regiofy,8].
lar to those of magnetic dipole bands in the mass 200 region Previous work on'%®Cd[9] had identified a negative par-
(e.g.,[1]). The bands in the mass 110 region are thought tdty M1 band with ndE2 cross-over transitions and a second,
be based on prolate shape8,{-0.1) and have generally Weaker structure, consisting of only three transitions, which
been assigned configurations based on one or two holes Was not linked to the known decay scheme. These structures
the go/, proton orbital (high€)) and particles in thé;,, were labeled bands 5 and 6, respectively, using the nomen-
072, and ds, neutron orbitals(low-Q) (e.g., see[2—4]). clature of[9]. Band 5 had previously been tentatively as-
Such considerations make these structures ideal candidateigned amde;® v[h11(g7.d52)°] configuration at low
for interpretation within the tilted axis crankingTAC)  spin, however, the present work is in disagreement with this
model[5]. The important ingredients, as far as this model isinterpretation. Both of these structures have been observed
concerned, are the proton highgg, holes and the higl; ~ and extended in the present work. Lifetimes have been ex-
low-Q hy4, neutrons which, if the collective contribution to tracted for band 5 by means of the Doppler shift attenuation
the angular momentum is small, results in the total angulamethod(DSAM) and the deduceB(M1) values have been
momentum lying in a direction tilted with respect to one of compared with the predictions of the TAC model. Above the
the principal axes. Such a coupling naturally breaks the sigrh?,,, alignment in this band, the results are consistent with
nature symmetry and leads thl=1 sequencedqdipole those expected from a shears type mechanism, thus provid-
band$. The remaining active protons and neutrons occupying further support for this excitation mode in this mass re-
the near degeneratgy;,, ds- shells. Higher angular- gion.
momentum states are generated by the proton and neutron High-spin states in !%Cd were populated via the
spin vectors gradually aligning with the total angular- %Zr(*°0,4n) fusion-evaporation reaction channel at a beam
momentum vector, which lies at some angle with respect t@nergy of 72 MeV. The target consisted of a 5p@/cn?
the component vectors. This has been termed the sheagsriched(86%) °°Zr foil mounted upon a 10 mg/chthick
mechanism since the action of the vectors resembles theatural lead backing. Gamma rays were detected using the
closing of the blades of a pair of shears. A prediction of theGAMMASPHERE multidetector array which contained 99
TAC model for shears bands is that tB¢M1) transition large volume HPGe detectors for this experiment. Approxi-

mately 5x 10® events were recorded with a suppressed Ge
fold =4. These data were then unpacked into triples and
*Present address: Wright Nuclear Structure Laboratory, Physicsorted into arE,-E,-E, cube, and analyzed using the Rad-

Department, Yale University, New Haven, CT 06520. ware analysis packageeviTsr [10]. These data were also
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TABLE |. Spectroscopic details for transitions in bands 5 and 6. Mean lifetimes and reduced transition
strengths are given for those levels for which the DSAM was applied. Mdreeharacter was assumed for
the Al =1 transitions when calculating tH&(M1) values.

E, (keV) Intensity ~DCO  Multipolarity — I7—I7 7(ps) B(M1)[uZ] B(E2) [e?b?]
121.0 60.6:2.4 0.853% M1 13 —12° - - -
2120 8405 0.64'57 MI1E2 17 —16~ - - -
2844 7.907 07055 M1 19 18" - - -
314.0 8409 08671 M1 16 —(157) - - -
316.0 85.53.1 0.7555; M1 14 13 - - -
323.4 19.91.0 0.86"397 M1 19 —18" - - -
3330 5405 0.683% M1 17 —16 - - -
358.8 26.42.0 0.65 5% M1 (207)—19" - - -
3617 41517 08255 M1 18 —17  0.755% 16757 -
420.8 13.91.8 0.73'3% M1 (217)—(207) - - -
455.4 11.6:0.7 - M1) 18 —17 - - -
4655 22312 0.97°91 M1 17 —16"  040°3% 0851 -
476.6 9.1-0.4 0.9°3% M1 (227)—(217) - - -
482.3 30.6:15 1.00°5% M1 19 —18  0.29°53% 15797 -
492.0 4.805 06797 M1/E2 18 —17" - - -
515.6 - - M1) (237)—(227) - - -
520.0 4.80.2 0.87'5%% MI1E2 18 —17" - - -
521.7 100 0.8°3% M1 15 —14  0.69°3% 0.583% -
527.0 9.6:0.8 121573 MI1E2 17 —(157) - - -
558.0 1.6:0.3 - (M1/E2) 18 —17" - - -
563.6 6.5-1.4 0.79°5% M1 (247)—(23") - - -
589.5 9.0:1.0 0.73°9% M1 20-19° 0207057 1.1 -
615.0 13.50.7 0.69°913 MI1E2 (15)—15 - - -
676.7 22.10.9 0.78°91 M1 16 —15  027°5% 0793 -
682.0 4.4:0.4 14731 E2 (207)—18" - - -
7056 7.0:0.4 0.755% M1 21"—20° 0.30735; 0.40°355 -
780.4 3.2:0.3 - (E2) (217)—19" - - -
7979 5.10.4 - M1) (22)—21" - - -
450 3.3-0.3 13154 E2 19 —17° - - 0.07°3%2
897.8 2.70.4 - (E2) (227)—(207) - - -
931.0 7.805 09493 MLE2 16 —15 - - -
993.6 4.:05 1.5'9% E2 (237)—(21) - - -
1073.9 2.6:0.3 - (E2) 200 —18" - - 0.06" 552

0.04

1079.0 2.80.3 - (E2) (247)—(22") - - -
1293.6 2.50.3 - (E2) 21" —19" - - 0.02°351
1337.1  7.¥05 0.9393 E1l 17 —16" - - -
14041 3.203 0.7°3% E1l 17 —16" - - -
15022 1.60.3 - (E2) (227)—20" - - -

taining a combination of detectors at the angles 29° and 151° The partial level scheme deduced from the present work
relative to the beam direction on both tkeandy axes, and is shown in Fig. 1. Intensity balance arguments support the
the other containing these angles on yhaxis, but with the  magnetic dipole character of tid =1 transitions in bands 5
detectors at 90° on the axis. This enabled directional cor- and 6. We have extended band 5 by one ektfatransition.
relation ratiog11] to be deduced for the rays of interest. In addition, we have observed several weak crossover
These ratios were compared to the measured values ofansitions within the band. Band 6 has been extended con-
known stretchedE2« stretchedE2 and stretched=2+ siderably, with the inclusion of nine nei 1 transitions and
stretched dipole transitions, which were found to be 1.48 anthe observation of very wedk?2 crossover transitions. This
0.77, respectively, after correction for the number of detecdipole band has also been linked to the level scheme via
tors at each angle. Directional correlation with oriented nufeeding into the yrast band and band 5.

clei technique(DCO) ratios for both dipole bands are pre-  Only band 5 could be gated upon cleanly enough to en-
sented in Table I. able lifetimes to be measured. Lifetimes were extracted for
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] FIG. 2. Experimental data and line shape fits for the 362 keV
8* and 482 keV transitions in band 5, left and right, respectively. The
dashed lines show the positions and intensities of contaminant
142 peaks.
® 148.3° (5); the parentheses refer to the number of detectors
- located at each angle. Separate fits were performed for de-
tectors located at averaged angles of 52.8°, 90°, 127.2° and
= 34.6°, 90.0°, 145.4°. The fits were all performed assuming
- that feeding into each state, including the topmost level, was
” via a rotational cascade of five transitions with a moment of
inertia of 1G:2(MeV) ~L. The side-feeding moment of inertia

was varied and found to have a negligible effect on the ex-
tracted lifetimes once the actual fits were of reasonable qual-

FIG. 1. Partial level scheme showing the two dipole baflils ity. An intensity profile for the side feeding was estimated
and § which have been extended as a result of this work. The drogrom the backed target data. The effective lifetime of the
in intensity of the gamma transition at spin™1th the yrast band topmost state was determined and then fixed and used as an
results from the decay out of this state to other known structurefnput parameter for a global fit of the entire cascade. Final
(see Thorslunet al. [9]). results came from this global fit with independently variable

lifetimes for each state and the associated side feeding. The
states in the band using the programiNESHAPE’ written  Side-feeding lifetimes were found to be up to two to four
by Wells and JohnsofiL2]. The detailed slowing down pro- tmes faster' than the in-band I|fet.|m('as. Typical Ime-ghape fits
cess of the recoils within the target and backing was simu@r€ shown in Fig. 2. The mean lifetimes for states in band 5
lated using a Monte Carlo technique, using 5000 historie®'® presented in Table | along with tfB{M1) transition
with a time step of 0.001 ps. The slowing down process wastrengths. . .
treated according to the prescription given by Gasebal. Thorslund et al. [9] tentatively assigned the structure
[13]. The tabulations of Northcliffe and Schillirig4], with ~ of band 5 as 7gg5®v[hi1{g7052)°] and wgges
shell corrections, were used for the electronic stopping pow® v[h31Ag7205:)°] before and after theh?;, band cross-
ers. These histories were then used to produce the velociifg, respectively. At first sight this is not unreasonable since
distribution observed by each angular group of detectorsa configuration involving tw@g, holes has been assigned to
Line shapes were fitted simultaneously to forward, backthe dipole band int*%Cd[4]. However, theB(M 1) transition
ward, and transverse spectra. The detectors used in the anastrengths in the 1%Cd band are considerably larger
sis were located at angles of 31.(8), 37.4°(5), 50.1°(10),  (~2-5x2) than those observed in the present work. The
58.3°(5), 90.0°(8), 121.7°(5), 129.9°(10), 142.6°(5), and  TAC calculations for the previously assigned configuration
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40 T —6.0 T =T TABLE II. Calculated shears anglé and proton angle,. for
““““ @ N, ® states in band 5.
3.0 | E
. 40} 1 E, (keV) 7 0(°) 0 (°)
2
o S —— Sl 121.0 13 81.2 65.1
T 20} T 316.0 14 71.0 57.1
- 16515
I P P . = + 521.7 15 61.6 48.4
| 676.7 16 49.7 38.7
0.0 L . +—Joo . . 4 ]
0.4 05 06 0.7 03 04 05 06 07 08
Energy (MeV) 361.7 18 79.8 68.4
) ) 482.3 19 68.7 58.4
FIG. 3. Comparison of TAC and au and Frauendorf model
. : . 589.5 20 56.4 47.5
predictions forB(M 1) values with the experimentally deduced val- 705.6 o 414 345
ues(filled circles for band 5.(a) TAC predictions(solid line) for ) ) )
797.9 22 17.6 14.4

the w[gg,ggwﬂ@ v[hy1{072052) ] configuration together with the
experimental data below theh?,,, band crossing(b) TAC predic-
tions (solid line) for the 7 gg/397/2]® v[ h3,,{97,,0s2) *1 configura- o . . .
tion together with the experimentB(M1) values above theh?,, ~ Mizing with respect to energy in the,— y plane using a
band crossing. Note that the calculations do not extend to low frevalue for k, the Q-Q coupling constant, scaled by from
quency because of the difficulty in identifying the configuration that used for the TAC calculations in the lead reg|ai.
below 0.5 MeV. The long-dashed line shows the TAC predictionsNote however that thé8(E2) value appears to decrease
for the 7gg5® v[h11Ag7052)*] and mgg3® v[h3)Ag7/052) ] markedly from the 20 to the 21 state(see Table 1 This
configurations in(@) and (b), respectively. The dashed lines show implies a reduction in deformation towards the top of the
Donau and Frauendorf predictions for ther[gq397,] band. If the deformation were to decrease, thenBfiel1)
® v[N114971052) '] and 7] 9o;597121® v[ h3y 97 852) ] configu-  values would fall off faster with increasing spin. However,
rations in(a and(b), respectively. The two lines show the extreme this effect cannot be taken into account in the current TAC
limits of the B(M1) values depending on whether thg, or ds,  model as the deformation is fixed for a given configuration.
neutrong factor is used. B(E2) values were determined using the expression
. ) given in Ref.[16]. If the nucleus is assumed to be axially
also produceB(M1) values which are approximately three gymmetric then standard expressions can be used to deter-
times greater than the experl_mental val(see Fl_gz. 3 These mine 8, [17]. From such an analysig, was calculated to
results 1souggest that band 5 is not based argg, configu- e 0.17 2% for the two lowestE2 transitions, and 0.08 %2
ration. '°°Cd contains a negative parity dipole band whichyqr the highesE2 transition(see Table)l The initial values
has been assigned a configuration based upon Bygpro-  gre in reasonable agreement with fedeformation param-
ton holes and ong,, proton, i.e., agg,, proton is excited  eter deduced from the TAC model calculaticifsl4), thus
into the gy, proton orbital[15]. Such a configuration would  ¢onfirming the weakly deformed nature of the nucleus for
be expected to have lowB(M 1) values because two of the hese structures.
proton holes may align antiparallel and therefore not contrib- The semiclassical bwu and Frauendorf formalisfi8]
ute to the shears mechanism or the magnetic dipole momeR}as aiso applied to band 5 using the two configurations dis-
It is possible that a similar configuration may be responsiblg, ;ssed above. This geometric model pred&tM 1) values
for band 5 '“3logcd- which are somewhat larger than the experimental results and
The [ 9g/97/21® v[ h11:Ag72d52) '] configuration would  the TAC model predictions. Moreover, the geometric model
be expected to have a band-head spin-df2-13:, assum-  predictions do not fall off as rapidly as the experimental
ing the perpendicular coupling of tigg,, proton hole (3.8)  values at high frequendgee Fig. 3 We therefore conclude
along one axis and the remainimgy,, (g7,ds) neutron  that the TAC model better predicts the behavior of this di-
particles, and thg, proton along the other axis. This is in pole band in'°Cd and that the structure of the band is most
good agreement with the observed bandhead spin for band fikely based on 7[995972]® v[ h11A 97052 %]  and
FO”OWing the Vhil/Z alignment the Configuration f0r th|S W[gg_/ggwﬂ@V[hi1/2(97/2d5/2)1] Conﬁgurations before and
structure becomes|gg597,2]® Y[ h31{ 9725/ . after thevh,,/, band crossing, respectively. The present re-
TAC [5] calculations were performed for the above con-sults strongly suggest that the shears mechanism is active
figurations. These predicB(M1) transition strengths in  following the vh?,,, alignment in this band. Experimentally,
much closer agreement with the experimental values thathe evidence is not so clear for the mechanism below the
calculations for thewgg; configuration(see Fig. 3 The  pand crossing. The presence of the shears mechanism is per-
bandhead for ther[ gg/597/2]® v[ h3yAg72051) '] configura-  haps surprising given that the component vectors for the
tion is predicted to lie at an excitation energy of 1.92 MeV aligned configuration are of rather unequal length.
relative to that for therr[gg,ggwﬂ@ v[ 11497205 1] con- A more phenomenological description of the shears
figuration. This agrees reasonably well with the experimentamechanism has recently been presented in terms of the cou-
excitation energy of 2.1 MeV. The deformations used in thepling of two long vectorg . andj, [19,20, their interaction
calculations 3,=0.14, y=—125°) were obtained by mini- being mediated by an effective quadrupole force attributed to
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particle-vibration coupling. Assuming that these rigid shearspin, however, experimentally, we only have lifetime data
close as the spin increases, it is possible to calculate thfer two states below theh,;,, band crossing. This makes it
shears angled, between the two vectois, andj,, and the difficult to be certain as to whether the shears mechanism is
proton angle,d.., the angle between the total angular mo-really active in this region.

mentum vectod, and the proton vectdr,. Previous calcu- Band 6 has also been tentatively assigned negative parity
lations using this model, performed fdf%1%%n, assumed from the DCO ratios obtained for the linking transitions with
that the contribution of the core rotation dJovas negligible.  band 5 and the yrast band. With this assumption the configu-
TAC calculations for'°%Cd show that there are more proton ration for this band is probably very similar to that of band 5
particle-hole excitations, which also have much larger amplibut with an additional pair ofg;.ds, neutrons, i.e., a
tudes, for structures which have analogous configurationﬁ[ggggwﬂ@ v[h11A97205) %] configuration at the band-
and deformations to those #8Sn. This gives rise to a larger head. Such a configuration would be expected to have an
collective core contribution in the Cd nuclei. The effect of initial spin of ~17-18:i, assuming perpendicular coupling,
the core contribution due to the deformation is to retard thavhich is in good agreement with the observed spin.

closure of the shears and also to allow more angular momen- In summary, two dipole bands have been observed in
tum to be generated in total. The total spin generated front%Cd. Lifetimes have been extracted for levels in the more
the two mechanisms may be decomposed inR.sand  strongly populated structurdand 5. The deduced(M1)
Reore, the angular momentum contributions from the sheargransition strengths have confirmed that the band has the
and core, respectively. It is assumed tRaj,. increases lin-  characteristics of a shears band above #th§,,, alignment
early from zero at the bandhead to a maximum value at thend, furthermore, TAC calculations suggest that the configu-
top of the band. This is then _assumed to be equal to fih%tion is 7[9g/597/2]® Y[ N11A97d52) 1] and 7[gg3975]
difference between the total spin of the band and that which, v[h3,(g74ds2)"], before and after the band
may be generated from the shears alone. At the top of ba”déossing, respectively. A configuration Of'r[gg,ggwﬂ

in 1%8Cd the fraction of the total spin generated by the core 37 ;
®v[h is tentatively suggested for band 6.
contribution is small ¢ 10%). This results from the fact that V1A G7s2)”] y Sugg

the maximum spin obtainable from the configuration, when

the shears are closed, is 20 and the band is observed up to The authors would like to thank the staff at the 88-Inch
spin 22. Once this linear contribution is subtracted, theCyclotron for providing the beam. We would also like to
shears and proton angles may be calculated from simple géhank John Wells for providing the lineshape analysis pack-
ometry in the manner outlined in R€i8]. The results are age. This work has been supported by the U.K. EPSRC, U.S.
presented in Table. Il. The angles decrease for the configlNSF, and Department of Energy under Contract No. DE-
rations above and below the band crossing with increasingC03-76SF00098.
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