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Observation of a deformed band in %Rh
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The high spin level structure dfRh has been extended to a spin ofil#nd excitation energy of 8.3 MeV
through the discrete-line-ray spectroscopy. A negative parity rotational band has been observed which
exhibits a large signature splitting and a signature inversidr=dtOk. The particle-rotor model calculations
using aB=0.13 and {rge,,® vhyy5) configuration for the odd proton and neutron give a good description of
the above-mentioned characteristics of the band. THRS is the nucleus closest to the=50 shell closure
which exhibits a deformed band based on g, intruder orbital.[S0556-281®8)50502-X]

PACS numbgs): 21.10.Re, 23.26-g, 21.60.Ev, 27.60xj

In recent years the high spin behaviors of nuclei in massef an unpaired proton has any extra stability effect on the
100 region have been studied extensively in order to invesaear-yrast deformed minimum which has been predicted by
tigate the interplay between the single particle and the colWysset al.
lective degrees of freedom near tNe= Z=50 shell closure. In the previous study of®Rh a cascade of five transi-

The deformed intruder bands based h,;,, orbital have tions has been assigned to the nucleus by perfornying
been found even foZ =51 [1]. However, forz<50 andN coincidences with two HPGe detectors and the level scheme
>50 nuclei, rotational bands have been observed with si¥vas established up to a spin of107]. In the present study

. . . 8
neutrons(or more outside theN=50 shell closurg2,3.  the high spin states if°Rh were populated through the

70, 32 H 2
These bands originate due to the occupation of the €( >3pn) reaction. The 128 MeV*?S beam was ob-

1/ 550]h,,,, orbital as the neutron Fermi surface lies very;[)aine?_gm{n thi 14-UD pelIet(rpo acceleratqr atOTIF}?, %Om'
close to this orbital even for a small deformation Bf e?r/i.cheg :gg;o /‘)N?(?Grgeopnarleo my /i\lfgp%rlgt" A@:totglgo?‘ngo
~0.15. But in more neutron deficient nuclei, e.4£%d (N 0 gicm go'd.

_ - L million -y coincidences was collected by five Compton
=54), recent data indicate the absencelof,, contribution suppressed HPGe detectors placed at 22 cm from the target
to the yrast band4]. This is possible if there is no stable

o . .~ and at 45°, 75°, 165°, 225°, and 285° with respect to the
deformation in the case di=>54; thus moving the Fermi o,y girectior{8]. Each event was qualified by a twofold
level away from thevhy,, orbital or if the deformed neutron  yjgger (at least in a 14 element N&T1) multiplicity filter in
configurations have energies far higher than the yrast sgsder to suppress the radioactivity background. The angular
quence. distribution data were collected by placing the detectors at

Recently Wysset al. have predicted the existence of de- 45° 90°, 165°, 240°, and 330°. For this configuration the
formed neutron configurations with negative parish(;))  target to detector distance was 25 cm. The directional corre-
at near yrast energies #°"Ru from total routhian surface lation orientation(DCO) ratios of they rays were deter-
(TRS) calculations(as mentioned in5]). In these calcula- mined from the data obtained with the detectors placed at
tions the best case for stable deformation appears to be 6°, 165°, and 285°.
9Ru (N=53) which is predicted to have a relatively low  The present level scheme was built up from the coinci-
lying (less than 300 keV above the yrast configurgtioear  dence spectra of previously assigned cascade of 841, 725,
prolate  minimum (~0.13) based on the[vh;;, 994, 980, and 264 keV transitions. Figure 1 shows the gated
® (mgg»)?] configuration. In this perspectivid=53 nuclei  spectrum with 841 ke transition. Both 841 and 725 gates
seem to be the best candidates to exhibit rotational behavighowed the presence of a 1407 keV transition. As will be
closest to theN=>50 shell closure. However existing experi- discussed later, this transition provided the crucial connec-
mental data on odd mas&Ru (Z=44) [5] and *°Pd (Z=46)  tion to the negative parity levels. The coincidence spectrum
[6] do not exhibit any nonyrast negative parity band built onwith 1407 keV gate, in turn, revealed the presence of a 549
the vhy4, state. keV vy ray which was assigned to the negative parity band.

In the present paper, we investigate the high spin behaviorhe 549 keV gate led to the construction of the negative
of the odd-odd partner of thesd=53 nuclei, ®®Rh (Z  parity band in%Rh. These gated spectra are also shown in
=45). This study is expected to reveal whether the presendgig. 1. The relative intensities and the DCO ratios of the

rays assigned td®Rh from the present work are given in
Table I.
*Present address: Department of Science, Technology and NES, In addition, the angular distribution for 841, 725, 994, and
Government of West Bengal, Bikash Bhaban, Calcutta 700091980 keV vy transitions was measured and were found to agree
India. well with the previously reported valugZ]. All these tran-
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TABLE |. Relative intensities and DCO ratios for transitions

264 725 (841 o |136  549keV gate (E,) which deexcite the energy levelg;) in *Rh.
600 s
E, E; Relative Roco 17—
400 (keV) (keV) intensity
200 264 3804 2p1) 0.8912) 9" —10"
287 3804 51) 0.4012) 9" -8~
0 413 2973 51) 0.3715) 7-—>8"
455 5489 17) 0.3910) 127 —11"
- 2004 462 3022 2B) 0.4513) 9t 8"
150 506 6851 Bl) 0.4218) 14~ —13
200 | 287 549 841 544 3517 101) 0.41(16) 8 7"
Z 544 549 4353 2®) 0.398) 100 -9~
© 50 681 5034 ) 0.40(15) 117 —10
o 725 1566 9Im) 1.0511) 6t —4"
“ : 792 3814 2P) 1.0314) 11t —9*
813 4353 101) 0.9916) 100 —10"
1000 831 3804 181) 1.08918) 9" =77
836 4353 B1) 100 —8~
841 841 100 42"
07 856 6345 1) 0.4411) 13" 12
933 6127 1) 1.1014) 15" —13"
0 T T : T T ~L 980 3540 482) 1.1614) 10" —8*
200 400 600 800 1000 1200 1400 1600 994 2560 70) 1.1412) 8t 6"
E (keV) 1136 5489 3©) 0.99116) 127 —10"
1152 6346 10) 1.0815) 15" —-13"
FIG. 1. y-y coincidence spectra with 841, 1407, and 549 keV 153 5034 ”) 11 —9~
gates in the”%Ge(?S,3pny) %8R reaction. 1311 6345 @) 13 11
1347 7474 &) 1.10130) 17t —15"
sitions hadA,/A, values around+0.30 andA,/A, values 1362 6851 20) 0.9420) 14 12
around—0.10 and thus they were identified as stretckB@d  ;3gq 5194 203) 1.1420) 13t 11+
transitions. The DCO ratio values for 725, 994, and 980 keV, 447 2973 1?) 0.4725) 7- 6"
y transitiong were found to be within 1.2®.06 whgn the 1435 8283 1@) 0.8930) 16~ 14~
gating trans[tlon was 841 ke\(. For all the oth;etransnmqs 1465 7810 £1) (15)—13"
the DCO ratio values were eltht_ar around 0M €& 1.tran5|- 1486 8960 &) (19°) 17"
tion) or around 1.0 Al =2 transition. Only exception was 494 5034 1) 0.4430) 11— 10"

the 264 keV transition for which the DCO ratio value was

found to be 0.88L2), but has been assumed to bé\b=1

transition in order to be consistent with the overall spin as-building the level scheme of®Rh. It is interesting to note
signment for®®Rh. The present level schenhown in Fig.  that another high-enerdg1 transition of 1494 keV has also
2) was constructed by taking into account various gatingoeen observedFig. 1) which connects the Ilstate to the

conditions and the multipolarities of thetransitions. 10" yrast state.

The 1407 keVy transition which had been observed in It is observed from the level scheni€ig. 2) that the
the 841 and 725 keV gated spectra, exhibited a dipole charonyrast negative parity levels are connectedE2y transi-
acter in the DCO measurements. In the gated spectraythis tions as well as by intermediatd 1 transitions. The level
ray appeared as a sharp line thus indicating that the lifetimenergy difference€(l)—E(I—1) for these set of levels
of the state deexcited by the 1407 keV transition was greatdiave been plotted as a function of angular momentuim
than the stopping time of®Rh in the gold backing{£1.2  Fig. 3(a). It clearly exhibits a signaturen( splitting. At high
ps). Considering the branching ratio of tigeransitions de- spins the energy difference for evénvalues are lower ¢
exciting the statel(=7%), the partial lifetime for the 1407 =0) as compared to the odd (e«=1) values. This large
keV transition was found to be greater than 2 ps. This valusignature splitting indicates that the negative parity levels
is two orders of magnitude higher than the Weisskopf esticonstitute a deformed band where one of the odd particles
mate for anM 1 transition of the same energy. On the otheroccupies a lowf) component of a high orbital. The Nilsson
hand this large lifetime could be possible, provided it is ansingle particle energy level diagram shows that at small de-
E1l transition. Then the observed retardation factor of 0.Formations the odd proton occupies the=5/2 level ofgg,

% 10~° or more is found to be consistent with the systemat-orbital. If the present band is identified with the deformation
ics of observed=1 retardation over the periodic table. This minimum havingB8~0.13 observed in the TRS calculation
led to the assignment of negative parity to the7# level at  [5], then the odd neutron occupies a IdW level of hyq,
2973 keV. For all other cases the usual criterion, increasingrbital. This configuration would then be consistent with the
spin with increasing excitation energy, has been assumed iobserved behavior of the nonyrast negative parity band. In
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FIG. 2. Partial level scheme &fRh. The y-transition energies 600 - .
are in keV.
400 |- L |
subsequent discussions in this paper, the above configuratio
has been considered and various properties of the negativ 200 |- ]
parity band have been investigated in order to check the va-
lidity of this assignment. 0 . . . ! L
In odd-odd nucleus the favored signature is define®as 6 8 o 12z 1 16 18
I(n)

ay=3[(— )oY (— 1)1 M

_ _— A FIG. 3. () Observed energy differencds1)—E(I—1) as a
and f(?rjp—9/2 an.d!”_.lllz’ =0 |sﬁ%‘avored. Thus anor- ¢ tion of angular momentur ) in %Rh. The arrow indicates the
mal signature spllttln_g is observed ifiRh for 1> 10. For_l . position of signature inversiorib) Calculated energy difference as
<10, howevera=1 is favored and an anomalous splitting 5 function ofl using PRM withg=0.13,],=9/2, andj,=11/2. A

is observed. Thus dt=10% a signature inversiopmarked  coriolis attenuation factor of 0.7 was used for the odd neutron.
with an arrow in Fig. 8a)] occurs in®8Rh. Similar signature
inversion phenomena at low spins have already been olaken as 0.7. In these calculations the amplitude and the
served in several odd-odd nuclei, e.§5Tb in the rare earth  phase of the signature splitting are well reproduced, but the
region[10] and %Y in mass-80 regiofl11]. It is also inter-  signature inversion was not found. However, the signature
esting to note that for all these nuclei, the signature inversiomversion phenomenon at low spins was previously examined
was found to occur at a angular momentum equal jtp ( by Hamamoto in the PRM framework involving singleor-
+]jn) or very close to it. In®Rh also the inversion occurs at bitals for the odd particlekd]. It was found that the signature
the (,+]j,) value for the assigned configurationtdq,  inversion depends critically on the position of Fermi surfaces
Qvhyyy). of protons and neutrons. In accordance to this observatjon

In order to obtain quantitative predictions on the observedvas slightly adjusted to 45.05 from 45.25 in the present cal-
amplitude of signature splitting and tiB{M1)/B(E2) ra- culation and the signature inversion was found to occur at
tios of the transitions in the negative parity band, the particld =10%. However, in the case of®Rh the occurrence of
rotor model(PRM) calculations involving a quasiproton and signature inversion does not depend\grwhich lies about 3
a quasineutron coupled to an axially symmetric cit&]  MeV below theQ) = 3/2 level of theh,,,, orbital. The results
were performed foP®Rh for a deformation3=0.13. A fixed  of these calculations are shown in FigbB A comparison
moment of inertia of £%/23="50 keV) has been assumed for between Figs. @) and (b) shows that the PRM calculations
the core which is about twice the rigid moment of inertia give a good overall description of all the observed features of
value for ®¥Rh. The Nilsson parameters,=0.435, k,  the negative parity band d¥Rh. However at low spins the
=0.064, 1,=0.350, andx,=0.070 were assumed for this observed amplitude of splitting is not reproduced in the
mass ranggl3]. The Fermi energyX) and the pair gapX) present calculations. This difference might originate from the
for the protons and neutrons have been found by solving théact that the low spin states can have substantial contribution
gap equation. Thex and A values were found to ba, from single particle excitations which is not considered in
=45.25 MeV, A,=1.3 MeV, \,=48.61 MeV, A,=1.4  the PRM framework.
MeV. With these values the PRM calculations were carried The PRM wave functions were further used to predict the
out with the odd proton iy, and the odd neutron ihyq,  [B(M1),l—I1—1] and[B(E2),l—1—2] values for they
orbitals. The Coriolis attenuation factor for neutron wastransitions of the negative parity band. The calculated
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TABLE II. Experimental and calculateB(M 1)/B(E2) ratios for transitions irféRh.

" [B(Ml)/B(EZ)]expt [B(Ml)]theo [B(EZ)]theo [B(Ml)/B(EZ)]theo
wileh? w? e’b? wlle??

9 45+1.2 0.375 0.063 5.95

10~ 8.7t21 0.508 0.061 8.33

117 22+11 0.098 0.068 1.43

12~ 5.4+0.8 0.512 0.070 7.31

13~ 9.1+2.8 0.056 0.072 0.78

14~ 41+1.2 0.495 0.075 6.60

B(M1)/B(E2) ratios were compared with the experimentalfound in °®Rh and they are shown in the left side of the level
values assuming that thé-G1 — 1) transitions are purbl1.  schemdsee Fig. 2 These high spin states may originate due
In the calculation of8(E2) values the quadrupole moment to the occupation of the three neutrons outside khe50

(in barng was estimated froml14] shell to thegy,, orbital along with the protons in thgg,
orbital. However, to have a more definitive idea about the
Qu=0.011ZA%*B (2)  structure of the high spin positive parity levels, a detailed

theoretical calculation is needed.
and it was found to be 1.4 b. The proton and neutron effec- In conclusion, a strongly coupled negative parity band has
tive charge was assumed to be 1.5 and 0.5, respectively. Imeen observed i®Rh. This band exhibits a signature split-
the calculations of th8(M1) values, the spin factogf and  ting and inversion at=104. The B(M1)/B(E2) rates also
g” were assumed to be 0.6 times the free nucleon value§how a signature dependence. ThifRh (N=53) is the
while gP=1.0, g'=0, andgg=Z/A=0.46 were used. The nucleus closest to thdl=50 shell closure which exhibits
experimental and calculated values are given in Table II. Thgqllectlve behaV|_or In mass—l_OO region. A PRM calculat|on
observedB(M1)/B(E2) ratio shows a sharp increase up to with odd proton in thegy, orbital and odd neutron ihy,

| =114 and decreases at higher spins thus indicating an er?—rbital co.uple.d to an axially symmetric core with fixed mo-
hancement in the collective excitation for 12% in %Rh ment of inertia provides a good description of all the ob-
However the theoreticaB(M1)/B(E2) ratios using tHe served features of the band. In this model the Nilsson wave

PRM wave functions show a large staggering which is esfunctlons ai3=0.13 were used ank, was the only param-
sentially due to the variation iB(M1) values. This nature eter whose value was slightly changed from that predicted by

of B(M1) staggering is expected from PRM calculationsf[he gap equation in order to reproduce the observed signature

using a symmetric corf9,11]. Thus although the PRM cal- inversion. Thus we attribute anfl;,8 vhyyy,) configuration
culations give a good description of the observed signatur%0 the bar_1d. which can pe identified with the neae)%grast de-
splitting and inversion, this simple model calculations fail to ormed minimum found in the TRS calculations fofRu.
reproduce the observeB(M1)/B(E2) ratios for the 11 The authors would like to thank Dr. R. G. Pillay for his
and 13 states in%®Rh (Table II). help during the experiment. Thanks are also due to D. C.

For the sake of completeness, it is to be mentioned that iEphraim for target preparation and the pelletron staff for
the present work another group of positive parity levels wereheir support.
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