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Identification of Avr=2 identical bands in the nuclei "r and &°Rb
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Rotational states at high spins have been identified in the doubly odd nif8RinisA striking feature of the
level scheme is that the transition energies in &hel signature component of the positive parity band are
quite similar to those of the yrast band ifKr. This is the only instance of identical bands at high spin, with
a difference in senioritA v=2, in this mass regiorf.S0556-28137)50411-7

PACS numbseps): 21.10.Re, 23.20.Lv, 25.70.Gh, 27.5@&

The observation of rotational bands having similar mo-tion energies quite similar to those of the yrast positive parity
ments of inertia, and in some cases even identical transitioband in "®r [9]. It has also been possible to identify new
energies, in neighboring nuclei, continues to evade a theorelevels in the negative parity bands, and previously unknown
ical understanding. This phenomenon was first reported igidebands have been observed. These observations will be
1989, when it was found that the excited superdeformeglucidated in a more detailed publication, while the discus-
bands in**%Gd and**'Tb closely resembled the yrast super- sion here is confined to the positive parity states.
deformed bands if*'Tb and Dy, respectively[1]. The The fusion-evaporation reactiod®V(3?S,2on) at 105

Slmllarlty of y-ray energies indicated the equa”ty of mo- MeV was used to study h|gh spin states 8PRb. A self-
ments of inertia of these bands, which constituted a seriougypporting(400 g cm™2) 5V target was used, while the

challenge to nuclear physicists. These, and other subsequertg poam was delivered by the 15 UD pelletron at the
fascinating findings at superdeformation were followed by cjear Science Centre, New Delhi. The cross section for
the discovery of identical bands in normal deformed nuclei,goRb in this reaction was a small fractiqre10%) of the

ranging from the light Rb and Sr isotopes to the aCtInIOIeStotal yield, which indicated the need for reaction channel

[2-5]. . N ) o
The existence of identical bands cannot be reconcile(?elecuon' A discrimination of residual nuclei with=_80

with the conventional understanding of pairing correlations °™M the large number of other exit channels was aided by

in nuclei. A large proportion of these identical bands haveUSing eight Compton suppressed high purity Ge detectors,

been observed in nuclei differing by an odd parti@é Ac- fou_r each at 80° and 130° with respect to the beam dir_ection,
cording to the BCS pairing theory, the moments of inertiaWhich were part of the Gamma Detector ArrégDA) in
associated with one quasiparticle states should exceed thoganjunction with the recoil mass separator HiRAeavy lon
of the ground state configurations of the neighboring evenReaction Analyzer[10]. The GDA was used to recorgy
even nuclei by about 10-15 ¢@], while the difference is events in coincidence with mass-identified reaction products
expected to be twice this number for a two quasiparticleof m/q=4.875 at the focal plane of HIRA, having a solid
change. An obvious implication is that bands with similarangle acceptance of 10 msr. However, charge identification
moments of inertia are not expected in nuclei differing bywas not possible due to the relatively low velocity of the
two or more quasiparticles. It is in this context that the ob-recoils (3~0.02). The unraveling of the low spin structure,
servation of identical bands with a difference in seniority particularly the negative parity sidebands, was facilitated by
Av=2, becomes particularly significant. Therefore, it is nec-the use of the recoil mass separator. The observation of ex-
essary to identify the mechanisms responsible for the rigiditeited states in®®Rb has been previously reported fibl],
of doubly even cores under the influence of polarization duevhile levels up to an excitation energy of 9 MeV in the
to valence nucleons. For nuclei with~80, the single par- positive parity band had been reported[i®?]. The present
ticle level density is practically half that of the rare earths,work has identified levels up to an excitation energy of 13
where most of the identical bands have been observed, indMeV and a spin 25b.
cating a decreased probability for their occurrence in this The positive parity band irf°Rb decays to an isomeric
mass region. state at an excitation energy of 494.4 keV. This state has
The particular motivation for the present study was thebeen assigned a spin and parity of @nd a lifetime of 1.6
fact that both the valence neutrons and protons occupy thes has been measurgti3]. Signature inversion in the vicin-
high-j gg, orbital in doubly odd nuclei in this mass region. ity of 97 is a feature characteristic of doubly odd nuclei in
Therefore, it is possible to study the influence of these orbitthis mass region, reflecting the change in structure above the
als on the structure of these nuclei. Among the doubly oddnversion point, where the rotation of a system with two fully
Rb isotopes&Rb is unique being the only one calculated to aligned quasiparticles is involved. 1#Rb, the even spin
have an oblate ground state deformati8h This communi- (a=0) states are energetically favored at low spins, while
cation reports the observation of a band®#Rb with transi-  the a=1 signature component is found to be favofdd]
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FIG. 1. Signature splitting in the positive parity band BRb. “oe
Signature inversion, indicated by a reversal in the phase of the
odd-even staggering, is seen ati11
above a spin 14, in agreement with the earlier observation
[11]. The magnitude of the signature splitting is small at low
spins; however a considerable increase above the inversion
point is observedFig. 1). The positive parity states have 376 "
been attributed artgq,»,® vge,) two quasiparticle configura- 3!5 ziol‘i 2t
tion [11], which is consistent with thg factor measured for o - 175 7°
the 6" isomeric statg13]. This state will have £[413]% " 0 0 w0
78
®v[422]3") as the dominating Nilsson configuration, for an L 37Rb

oblate deformatiore,~—0.2. The 6" state will result from

the parallel coupling of tbe angular mom?”tum components, FIG. 2. Partial level scheme &fRb obtained from the present
K=Q,+Q,, while the 1" ground state will be due to their o only the positive parity states are shown. The thickness of
antiparallel coupling. The increase in the signature splittinghe arrows is approximately proportional to the intensities of the
at higher spins is attributable to mixing from lofv-orbitals  transitions. The energy scale has been expanded by a factor of five
which approach the Fermi surface at high rotational frequenbelow a spin of 8, for the sake of clarity. It should be noted that
cies. the 6 state in®Rb is aus isomer, and therefore the transitions
An interesting aspect which is evident from the levelabove this state do not have a prompt coincidence with those below
scheme(Fig. 2) is that the transition energies in the=1  it. The yrast band of ®Kr is shown alongside, for a comparison of
signature component §PRb (with a ground state 1) above  the bands under consideration.
a spin 1%, are quite similar to those of the yrast band of
8 (with a ground state 0) above a spin 1. The stage at 0.8012)% below the region of band crossing, and AB0%
which there appears to be onset of identicality in these twdor the entire bandFig. 4b)]. It compares well with the
bands is characterized by structural changes in both nucleialues of 1.285)%, 0.5611)%, and 1.1812)% obtained for
viz. a sharp band crossing ffiKr, and signature inversion in the K™=3* band in*"?rb, and theK™=3" and 4~ bands
80RD. in 1" u, respectively[Fig. 4c)], which are identical with
A variety of criteria have been utilized for deciding the the *"%b yrast band4]. It should be noted that ih"4_u, the
identicality of two bandg6]. The equivalence of the mo- alignment at only three values of spins is considered. For the
ments of inertiagMOI), the constancy of relative alignment, only other known examples of identical bands in #e 80
and a small average fractional change in the MOI over theegion, i.e., theAv=1, K™=5/2*, 5/27, and 3/2 bands in
observed range of frequencies are among the most importafifSr, values of 1.22(7), 0.52(5):, and 0.42(4} have been
requirements. Figure 3 gives a comparison of the MOI of theobtained, relative to thé®Sr core. For th& ™=5/2" band in
bands in"®r and 8°Rb in the region of interest. From this “’Sr, the identicality does not hold above a spin 25/2s
figure, it is evident that except around the band crossing agxpected, the deviations in the relative alignment are smaller
hw=0.9 MeV, there is a marked similarity between them.in the case oA v=1 bands.
This similarity is also reflected in the plot of the distribution  Another procedure to test the identicality, which is closely
of spins as a function of transition energ{édg. 4a)]. The related to the above considerations, takes into account the
difference between the spins of the two bands at a constagiobal fluctuations in the MOI. It involves a least square
rotational frequency is termed as the relative alignment. Thigitting of the relative alignment as a function of spin, and the
guantity for the present example has been found to beequiremen{6] for the identicality of two bands is that the
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FIG. 3. Comparison of the kinematik® and dynamicJ® mo-
ments of inertia for the yrast positive parity bands’#r and ®°Rb, r T T T . T T T
illustrating their identical nature. A band crossing, evidenced by the 3 ~
abrupt increase in th&® values aroundiw~0.9 MeV, is visible (b)
in both cases, although it is more pronounced #®Rb. An ex-
panded scale has been employed J& in the second panel, to —o— 8pp =1
illustrate the minor variations in the dynamic moments of inertia. 2 -

average fractional change in the MCFC) obtained using
this procedure should not exceed the scaling of the rigid
rotor MOI with mass. This scaling factor for the case’8fr

and 8Rb is 0.04. The value obtained by the fitting proce-

dure,FC=0.01(x0.03), lies within this threshold. A similar
analysis for theAv=2, K™=6" band in Y"?Hf, which is of .
identical with the 1%b yrast band[6], yields a value of
FC=0.005(*+0.008). The corresponding values for the

=1, K™=5/2", 5/27, and 3/Z bands in "’Sr are FC 1200 1400 1600 1800
=0.013(+0.010), 0.009¢-0.008, and 0.017¢-0.014, re- Ey (keV)

spectively. The errors i C are quite large, since they are a

result of local fluctuations in the MOI. The magnitude of the sl b |

errors is greater in the case &fv=2 bands, since the varia- (¢)

tions in the MOI are expected to be more than the=1 | —— "Pyb:K"=3"

cases. e 172Lu K =3
It seems reasonable to us, to conclude therefore, on the 2L : 4

basis of the above discussion, that the bands®r and —a— 2gr. k=6t

8RDb are indeed identical. - —
Although there have been a number of cases of identical ‘/k—O/

bands in normal deformed nuclei reported in the literature /0/ 1

[6], we feel that this example presents some unique feature: ¢ g—o~>o

which we would like to emphasize. This is the only known [ o

case of identical bands with a difference in seniokty

=2, in theA~80 region. The other examples of such bands

in nuclei differing by a single proton and a neutron, have | A a4 aA

been reported in thA~170 region, e.g., the identicality of . . . ) . ) . ) ,

theK™=3" and 4 bands in'"2u with the *"%b core[4]. 200 300 400 500 600

However, these cases are essentially different from the Ey (keV)

present example, since for these bands there are actually n.

observedE2 transitions between the levels. For the two qua- FIG. 4. (@ Distribution of spins as a function of transition en-

siproton and two quasineutron configurationsfifHf and  ergies in’®Kr and *Rb. Relative alignment as a function of spin for

172yp, the signature splitting is small, and the identical na-the Av=2 identical bands in{b) **Rb with respect to’*r (c)

ture is evi ; L2y, 72Hf, and 1"2u with respect to'7%Yb.

ure is evident only when both the signature components are

i (h)
®

i(h)
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taken into consideration. On the contrary, the splitting be-evolution of shape in the ground state band®eRb, it ap-
tween the two signature components of the positive paritypears to us that since both the proton and neutron crossings
band in8Rb is substantially large after the inversion point, are blocked, their opposite shape driving effects result in the
and an actual comparison of the obser&®i transition en-  well-deformed oblate minimum at the ground state to persist
ergies between the=1 component in®Rb and the yrast UP to higher spins. This, we feel, is a plausible mechanism
band in 78, is possible. Besides, the identicality fi\Rb ~ Which would account for the similar shapes of the bands in
L . 1 78 80 . . - . .

persists over a considerably large range of frequere9.b Kr and *Rb, leading to their identicality. _
MeV), compared to the other cases @.1-0.2 MeVf men- A surprising observation was the presence of a relatively
tioned above pronounced band crossing &tv~0.9 MeV in &Rb. Both

Several attempts have been made to explain the phenormegé)roton and neutron crossings in th_e positive parity ba_nd
enon of identical bands, but have thus far met with IimitedOf Rb are blocked, and the observation of such a crossing

success. It is generally believed that the suppression of paWas not expeqted. The un(_jers_tanding of th_e naiure of band
correlations aids the occurrence of identical bafi;16]. crossings at high frequencies is a challenging problem both

Besides, any such bands should have similar deformation(:sxperimem"’IIIy and theoretically, which is further compli-

0 . -
and underlying configurations, along with a comparable evo_gated by the fact that’Rb is a doubly qu nUCIel.JS' At this
ncture, one guess that we can hazard is that this band cross-

lution in shape. In the light of these facts, we have attempteéu

to understand the occurrence of identical band&&¢r and "9 might b_e the result of the alignment of a_pair of _nucleons
80Rb. As mentioned earlier, if®r, the identicality is evi- from two different components of thgy, orbital. This ap-

dent after the first band crossing, signifying a reduction ipPears to us a possible reason for this band crossing, in view
pairing, whereas the corresponding point™iRb is associ- of the magnitude of the frequency being considered. How-

ated with signature inversion, indicative of rotational bandseV?r’ this ?spect IS bﬁ'ng explortec:jftjhrtheg . fid
built upon two fully aligned noninteracting quasiparticles. .. N conclusion, we have reported the observation of 1den-

. -y . 7
Therefore, in both the cases, the magnitude of the pairin&g{g:J ba?]‘?'sh'.” the t.polsmlve. ptanty t'y rasc;c stetlte;sh Sfér.ﬁand
correlations is small near the region of onset of identicality. 2 WhICh IS particularly interesting dué to the difrerence

The second aspect which deserves consideration involves tf?é two quasiparticles between these nuclei. The virtual ab-

shapes of the bands in the two nuclei. The ground state geence of core polarization due to these two quasiparticles is a

formations for the two nuclei have been calculated by MollerCh"""en.ging problem for. existing theories. The observation of
and Nix [8], and a similar value of,=—0.225 has been Av=2 identical bands in relatlvely low mass nuclel ha_s ex-
predicted for”®r and 8%Rb. This might be taken to indicate tended the range that any theoretical explanation qf this phe-
similar deformations for the yrast bands in the two cases. Tgomenon will need to span. A better understandlng of the
substantiate such a conclusion, it is necessary to know, foc?volut_lon of th? structure of both the nuclei will require more
example, the magnetic moments of the observed rotationQXper'm.ental inputs, for example,.the measurement of the
states. Experimental evidence for the case/%fr exists in ”?agne“c mo'ments. of the states in both nuclei, up to the
the form of theg factors deduced for states up to a spi 8 highest possible spins.

[17]. It has been found that there is a significant decrease in The authors would like to acknowledge the efforts of
the g factor in the region of the first band crossit@round Lagy T. Baby, J.J. Das, P. Joshi, D.O. Kataria, |. Mazumdar,
8#), in contrast to the collective value<(+0.5) determined G. Mukherjee, N.V.S.V. Prasad, P.V. Madhusudhana Rao,
by Wardet al.[18]. This is strongly suggestive of a neutron R.P. Singh, P. Sugathan, Vandana Tripathi, and A.M. Vin-
alignment, implying an oblate shape for the ground statesdkumar which contributed to the success of the experiment.
band. In the case df°Rb, theg factor for the 6" state has We would also like to thank the pelletron staff at the Nuclear
been measurefil3], and a value ofg=+0.5634), quite  Science Center for delivering a stable beam for the entire
close to the collective value has been found. Although, in theluration of the run. Financial assistance from the Board of
absence of any measurements for the higher spin states, itResearch in Nuclear Sciences and the Council of Scientific
not possible to reach any definite conclusions regarding thend Industrial Research is also appreciated.
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