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Magnetic dipole and electric quadrupole rotational structures and chirality in 1°°Rh
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The °Rh nucleus has been studied with 98Vio(1'B, a2ny) reaction at 43 MeV incident energy. A rich
variety of structures was observed at high and low spins, usingt and y-y-particle coincidences and
directional correlation ratios. A-vibrational band was observed for the first time in this nucleus. A new
structure based on the intruder 1{231] proton orbital was identified. Four magnetic dipole bands have also
been observed at high spin, three of which have negative parity and have similar characteristics: they are very
regular in energy spacing, presenting nearly constant alignments and large va(&s1pfB(E2) ratios. Two
of them are nearly degenerate in excitation energy and could be chiral partnersgdh® vhy1/5(97/2,ds2)
configuration is tentatively assigned for these bands, with the angular momenta of the proton and neutron
intruders and the collective angular momentum aligning along the three perpendicular axes of the triaxial core,
as predicted by tilted axis cranking calculations.

DOI: 10.1103/PhysRevC.69.024317 PACS nunier21.10.Re, 23.20.En, 23.20.Lv, 27.69.

I. INTRODUCTION the intruder orbital 1/2431] have been identified for the
first time in this nucleus. Moreover, a pair of structures, pre-

In the A=100 mass region, nuclei with 40Z<50 have : :
exhibited several shape transitions. Different types of deforyIOUSIy unknown, are suggested to be chiral partied.

. . This type of band is predicted by the tilted axis cranking
mation (prolate, oblate, and triaxipiare ObS?f"e.d and can (TAC) model[10,1] and was first identified experimentally
coexist in the same nucleus, where the equilibrium deforma:

. ! . - in the odd-odd nuclei of thé~ 130 region[12-15. It is
tion will depend on the interplay of the driving forces when Lo . .
two or morpe highf quasipargclé/s are involvegd. In this re- generated by a combination of geometry and dynamics, with

) . : particle, hole, and collective angular momenta each aligning
g':dn’ Abaréd_sqf?;rgtzd é)sy (\)Nr%/ztr?gasrlgtrgéogé?n?idlgvilpliﬁthe along a different principal axis of the triaxial deformation of
u el‘?]fglf of th psuBsheII respent a large signature s Iit_the core, breaking chiral symmetry in the intrinsic system. In
tir?g (~200 ke\/)egg\//flhen two’cg)uasineutrong of ?qulz or-p this mass region, the roles of particles and holes are played
. ' . X . h I ively.
bital are coupled to therge, configuration, the signature by the valencdy, neutrons andjg, protons, respectively

splitting becomes small or disappears entirely and the
B(M1)/B(E2) ratios become relatively large. These charac- Il. EXPERIMENTAL PROCEDURES

teristics indicate a transition from the triaxigl=-30° (in The high-spin states in tH€"Rh nucleus have been popu-

the Lund conventionto prolate collective shapg=~0° [7]. 0 11 ; .
In this mass region, another type of band with these charat!‘:jltecj by the™Mo(*'B, a2ny) reaction at 43 MeV beam en

" . ergy. The beam was provided by the Pelletron Tandem Ac-
tenit:cs haszbeer;_attrlt?[gted to Ia;gel;/aluiﬁ(oizqu biised_ celerator of the University of S&o Paulo. The target used was
on the(gy/,)” configuration, eventually with additional qua- "¢ mg/cnt metallic self-supporting foil of enriched
_5|part|cle_s, could preseht~8, as observed in the neighbor- 100vi0 sufficiently thick in order to stop the recoils. rays
ng ““Cl'gglgl’&&q- L . . and charged particles have been detected using the SACI-
th Thte bilit hl_nuclﬁus IS s:tutgted on trf1e neutron—rlcht§|de O_fPERERE array. SAC]16] (Sistema Ancilar de Cintiladorgs

€ stabiiity fin€. 1S popuialion via a Tusion evaporation re-q 4-charged-particle telescope system consisting of 11
action is hindered by a lack of suitable target-projectile Com'plastic phoswich scintillators, disposed in the geometry of a

binations. In this work, we present the results of an investi- : .
. : ! . . dodecahedron. Each telescope consists of a 0.1 mm thick fast
gation of**Rh with the'*Mo(*'B, a2ny) reaction. Previous scintillation(BC400, 2.4 n}sAgdetector bonded to a 10 mm
to the present work, only four bands were knolélh Several  yic\ jong decay tim@BC444, 264 ngE detector. The light-
new structures with rotational characteristics were 'dem'f'edcharged-particle detector arré$ACI) enabled the selection
In particular, high-spin members of a rotational band built ONof the evaporated charged particle fold in coincidence with
the observedy rays. PERERE17] (Pequeno Espectrémetro
de Radiacao Eletromagnética com Rejeicdo de Espalha-
*Present address: IAC, Idaho State University, Pocatello, IDmentg is the y-ray spectrometer consisting of 4 HpGe de-
83209. tectors with BGO Compton shieldéwo detectors were
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10— Total proiecti represent the intensity of a transition when gating on the
== (a) Total projection 101° and 37° detector axes, respectively. The theoretical
DCO ratios

100 I:(37°)

Roco= o
|,(101°)

which are obtained for the present geometry and reaction, are
Rpco=1.0 for quadrupole transitions aryco=0.49 for
pure dipole transitiongAl=1), with intermediate values
for moderate positive mixing ratios). It should be noted
that AI=0 transitions could give DCO ratios between 1.1
(the value for a pure dipoJeand 0.44(for large mixing
ratioy. In some cases it was only possible to set an ad-
equate gate on a previously determined dipole transition
(mixed or no}. In such cases the resulting DCO has to be
multiplied by the DCO of the gating transition in order to
obtain the value corresponding to that of a quadrupole
3l gate for uniformity.

L The stopping time of the recoils in the Mo target is esti-
mated to be about 0.6 ps. Since no significant Doppler
broadening was observed in any of theay lines assigned

to 19°Rh, it can be inferred that their effective lifetimes are at
g least a fraction of that time.
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Ill. RESULTS

FIG. 1. y-ray spectra(a) total projection andb) gated with 0
particle fold 1. In (a) most lines are from®”1%g and in(b) from The level scheme of™Rh deduced from the present

105%h. The transitions marked with asterisks belond&h. work, based on the coincidence relationships, intensity bal-
ances on each level and energy sums from different paths
Ortec GMX of about 20% efficiency and the other two wereusing the k-gated matrix, is shown in Fig. 2 and is essen-
Canberra REGe of 60% efficiencyTwo of these detectors tially in agreement with previous worl2]. The y-ray ener-
were placed at 37° and the other two at 101° with respect tgies and relative intensities of all the transitions assigned to
the beam direction. The total photopeak efficieriayound ~ '°Rh are given in Table I, which also shows the DCO ratios
1.3 MeV) of the system is about 0.5%. Events were collectec@nd the resulting spin and parity assignments. These assign-
on tape when at least two HPGe detectors fired in coinciments are, however, all based on the assumption that the spin
dence. The data were taken for a period of 136 h. A total ofparity) of the ground statépreviously known is 7/2". The
85x 10° Compton-suppressed events was collected. The da@ssignments without parentheses are, therefore, to be re-
have been sorted into symmetrized totaly, a-gated, and garded as certain, from the DCO results and internal consis-
p-gated y-y matrices with 1.% 10°, 2.5x1C%, and 2.7 tency arguments, relative to the spin of that state. The ob-
X 1P counts, respectively. The data were analyzed using théerved levels are grouped into eight structures with rotational
VPAK [18] and RADWARE [19] spectrum analysis codes. characteristics, labeled 1-8 in Fig. 2 for the purposes of dis-
The main exit channels of the reaction are the evaporatiogussion, four of whicli4, 6, 7, and 8were observed for the
of three and four neutrons leading to Ag isotog@s3,g. first time.
Some amount of incomplete fusion appears to have enhanced Band 1 is the yrast band with the 7/8round state as the
the a2n channel, as compared teace code fusion- bandhead and presents, in the positive signature component,
evaporation predictions. The-ray transitions belonging to slightly strongerE2 crossovers thaM1 transitions. In the
10Rh were identified by setting gates on charged particléoresent measurement, band 1 was observed up tol$pin
fold 1« (see Fig. 1 y rays from 1%4Rh (corresponding to =(29/2"). Band 2 is characterized by strohyl transitions
1a3n reaction, which is the main contaminant channel in and weakE2 crossovers. The spin for the lowest level as-
the la-gated spectra, were identified from previous worksigned to 23/2in band 2 was based on the DCO ratios of
[20]. The assignment of the spins and parities to #f®h  the 460 and 738 keV transitions. This level had been as-
levels was based on the DC@irectional correlation from signed to 21/2 in the previous worK2]. This structure is
oriented stategatios. Ay-y matrix was constructed by sort- thus assigned a bandhe&=23/2" and was extended by
ing the data from the two detectors positioned at 37° againgwo new transitions up td6"=(33/2) in the present work.
the two detectors at 101° with respect to the beam direction. In band 3 we have, for the first time, observed transitions
Gates were set on each axis on several strong quadrupdi®m the 7/2Z and 11/2 unfavored states. This band is char-
transitions and the intensity of other transitions observed iracterized by strong2 and very weakM1 transitions in the
the two spectra has been extractég37°) and 1,(101°) positive signature component. At relatively higher energies
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FIG. 2. The level scheme dP°Rh. The energies of the transitions are given in keV. The filled width of the arrows is proportional to the
relative y-ray intensity.

and spins, three magnetic dipole barildbeled 4, 7, and)8 for the placement of two transitions and the spin assignment
were observed. These bands present similar characteristiasf band 2. Our data do not confirm the existence of the
strongM1 transitions and weak or unobservVe? crossovers 481 keV transition, but, instead, two newrays of 376 and
and are very regular in energy spacing. Figure 3 shows a su#87 keV were placed at the top of band 2. Also the 426 keV
of clean double gates for the negative parity bands labeled {fansition placed in band 3 was not observed. The two new
and 8. states observed in the present work, with-7/2" and 1™

In Fig. 2, band 5, composed &R transitions, is shown as =11/2, have been assigned to the unfavored signature of
built on thel™=7/2" level at around 1 MeV excitation en- band 3.
ergy. However, twoy transitions of 414 and 317 keV ob-  The establishment of negative parity for bands 4, 7, and 8
served in this work have been assigned to the decay of thieas been accomplished in two steps: first, the spins are as-
I”=3/2" andI"=1/2" levels at 806 and 787 keV excitation signed from the consistency with the DCO measurements
energies, respectively. We identify these two levels as thand previously known assignments of lower lying levVi@k
lowest members of the multiplet of states with 142 9/2°  second, the branching quadrupole transitions are assumed to
spins, first populated by means(@He ,d) stripping reactions  be E2, sinceM2 transitions are very retarded and should be
by Rogowskiet al. [21] in '%Rh, and assigned to the at least two or three orders of magnitude weaker than in-band
71/2*[431] configuration from the(g;.,,ds,) intruder or-  or relatively high energy dipole transitions from the same
bital. A new structurglabeled § has been observed in the level. In the case of band 4, the DCO of the 664 keV transi-
present work with characteristics very similar to those ob-ion (towards the previously known 137tate of band B
served in%711Rh [22,23. The bandhead is the low lying corresponds to that of a quadrupole. The experimental lower
secondl™=11/2" state. BothM1 and crossoveE2 transi- limit for the lifetime of anM2 transition of that energy in
tions are observed, with linking transitions to the yrast bandthis mass region is about 11 ns. Together with the existence
The negative signature is energetically favored. Figure 4f the 945 keV transition from the same state of band 4
shows a sum of clean double gates for the positive parityowards the 15/%tate of band 1, consistency can only be
bands labeled 5 and 6. achieved with a spin of 17/2 and with negative parity for the

Besides showing new bands, the current data extend tstate of 2310.7 keV of band 4, which also decays by the
higher spins than those observed in previous wWaitkThere in-band 140 keV dipole transition. Bands 7 and 8 can be
are no major disagreements between these two works, excepstablished relative to band 4, both decaying by dipole tran-
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TABLE I. y-ray energy, initial and final excitation energies, spin and parity assignments, relative intensity,
and DCO ratio for the transitions if?°Rh. The relative intensitiegnormalized to 100 for the 453.7 keV
transitior) were obtained from the analysis of the-fjated matrix.

E, E E 1717 l DCO ratio
(keV) (keV) (keV)

63.42) 456.2 392.8 5/2—3/2° 8.59) 0.8330)
84.41) 979.0 894.8 9/2-7/2 0.61(21)

95.32) 2512.6 2417.3 17/2-15/2 1.4318)

100.22) 2496.0 2396.2 191217/ 0.7612

133.02) 2645.7 2512.6 19/2-17/2 1.8921) 0.3420)
140.41) 2310.7 2170.3 17/2-15/2 17.19) 0.71(14)
149.21) 149.2 0.0 9/2-7/2F >2828)% 0.7416)
149.54) 1297.7 1147.7 1.237)

151.X1) 2170.3 2019.2 15/2-13/2 8.8(6) 0.7622
156.q1) 2825.1 2669.1 21/2-19/2 1.9818) 0.3420)
156.41) 2669.1 2512.6 19/2-17/2 0.8924)

168.61) 2645.7 2477.1 19/2-17/2 3.3224) 0.6325)
179.41) 2825.1 2645.7 21/2-19/2° 5.7937) 0.5527)
185.31) 2496.0 2310.7 19/2-17/2 29.315) 0.689)
191.91) 2669.1 2477.1 19/2-17/2 3.9534) 0.4916)
192.21) 795.0 602.8 13/2—-11/2 41.821) 0.7811)
216.q1) 3197.6 2981.6 25/2-23/2" 16.59) 0.528)
222.71) 2718.7 2496.0 21/2+19/2 20.1(11) 0.6511)
239.71) 1605.6 1366.0 17/2-15/2 12.27) 0.6215)
245.31) 2914.4 2669.1 21/2+19/2 2.9024) 0.6923)
252.81) 3078.0 2825.1 23/2-21/2 4.4234) 0.61(26)
263.q1) 392.8 129.8 312112 >12.911)°% 0.5510)
268.71) 2914.4 2645.7 21/2+19/2 2.4421)

273.02) 2669.1 2396.2 19/2-17/2 1.4321)

274.41) 2993.1 2718.7 23/2-21/2 12.77) 0.6913)
277.Q1) 2521.1 2244.2 21/2-19/2" 5.7(4) 0.4920)
280.42) 3478.1 3197.6 27/2-25/2" 14.98) 0.6012)
306.81) 2477.1 2170.3 17/2-15/2 3.81(34) 0.5532)
315.41) 3308.5 2993.1 25/223/2 6.8343) 0.61(14)
316.64) 786.9 470.0 1/2-3/2F 0.7937)

326.41) 456.2 129.8 5/2—1/2 14617) 1.057)
329.42) 2825.1 2496.0 21/2-19/2° 1.3718) 0.7037)
335.q1) 2645.7 2310.7 19/2-17/2 4.7937) 0.4613)
340.24) 470.0 129.8 3/2-1/2 1.47)

350.43) 499.5 149.2 5/29/2 2.0(5)

352.81) 3267.2 2914.4 2322112 3.3227) 0.5615)
358.41) 2669.1 2310.7 19/2-17/2 4.94) 0.4625)
361.31) 3839.4 3478.1 29/2-27/2" 8.3546) 0.4712)
369.62) 2890.8 2521.1 (19/2 —21/2" 1.5527) 0.71(28)
371.26) 2019.2 1647.1 13/2-13/2 0.6430)

376.11) 42155 3839.4 31/2-29/2" 3.7827) 0.4915)
380.36) 1019.0 638.8 712712 0.6712)

380.81) 1399.8 1019.0 1172712 8.67) 1.1428)
392.q1) 3469.9 3077.9 (2512)—231Z 2.0421) 0.7945)
400.62) 3667.7 3267.2 (2512)—231Z 1.2215)

413.53) 806.0 392.8 3/2—-3/2° 0.7927)
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TABLE I. (Continued)

E, E, E; |77 1, DCO ratio
(keV) (keV) (keV)

413.74) 869.8 456.2 (5/2)~5/2 2.6(6)

414.32) 4183.6 3769.3 (29/2) 2712 1.2812)

421.13) 1399.8 978.5 11/2-(9/2") 1.0718)

424.82) 4092.5 3667.7  (27/2)—(25/2) 0.7612)

438.61) 894.8 456.2 712512 9.1(8) 0.5312)
451.34) 2615.3 21640  (19/2)—(17/2") 1.2830)

453.71) 602.8 149.2 11/2—-9/2 100(5) 0.6913)
460.42) 2981.6 2521.1 23/2-21/2" 19.912) 0.5912)
460.81) 3769.3 3308.5 27/2+25/2 3.11(24) 0.5216)
465.63) 4002.4 3536.8 (2312)—(25/2") 1.0423) 0.4922)
469.46) 470.0 0.0 312712 14.6337)

469.91) 1676.9 1206.9 15/2-13/2 10.68) 0.5217)
472.52) 1206.9 734.3 13/2-11/2" 22.314) 0.5922)
475.517) 2645.7 2170.3 19/2-15/2 1.3727)

476.72) 869.8 392.8 (5/12)—3/2° 2.2336) 0.6517)
479.q1) 978.5 499.5 (9/2)—5/2 5.2(7) 1.2848)
486.82) 4702.3 42155 (33/2)—31/2 1.6218)

487.42) 2164.0 1676.9 (17/2)—15/2 2.6537) 0.6333)
489.61) 638.8 149.2 712972 10.79) 0.6233)
496.22) 1475.2 979.0 —9/2 2.95)

496.58) 3478.1 2981.6 27/2-23/2" 0.91(21)

496.813) 2993.1 2496.0 23/2-19/2° 0.6127)

498.34) 2669.1 2170.3 19/2-15/2 1.2234)

499.42) 499.5 0.0 5/2—7/2" 11.5934) 1.0427)
502.02) 894.8 392.8 712312 1.6830) 0.8926)
511.52) 1406.3 894.8 —T71 2.1637)

519.61) 1019.0 499.5 712-5/2 7.08) 0.71(16)
522.81) 979.0 456.2 9/2—5/2 1086) 0.977)
522.91) 2170.3 1647.1 15/2-13/2 8.4(6)

536.91) 1936.7 1399.8 15/2-11/2 8.7(7) 1.1820)
570.91) 1366.0 795.0 15/2-13/2" 47.927) 0.8016)
585.11) 734.3 149.2 11/2-9/2 43.324) 0.4920)
586.42) 1565.5 979.0 (11/2)—9/2 4.2(6) 0.8630)
602.71) 602.8 0.0 11/2—7/2 13.713) 0.9019)
604.11) 1206.9 602.8 13/2-11/2" 17.311) 0.8721)
635.22) 1530.0 894.8 712 2.5643)

638.71) 2244.2 1605.6 19/2-17/2 17.1(11) 0.8317)
642.05) 3839.4 3197.6 29/2-25/2" 1.0721)

645.81) 795.0 149.2 13/2—-9/2 146(7) 0.9910)
657.42) 2594.2 1936.7 19/2-15/2 3.6337) 0.8927)
663.61) 2310.7 1647.1 1721312 26.915) 0.9912)
668.11) 1647.1 979.0 13/2-9/2 73.240) 1.01(9)
670.93) 1565.5 894.8 A1) 712 1.94)

676.42) 3197.6 2521.1 25/2-21/2" 3.84) 1.0435)
684.52) 833.7 149.2 (11/2—9/2* 7.59) 0.81(24)
685.46) 1519.2 833.7 —(11/2) 0.7630)

691.52) 1147.7 456.2 —5/2 4.57) 0.8527)
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TABLE I. (Continued)

E, E, E; |77 1, DCO ratio

(keV) (keV) (keV)
698.83) 1905.7 1206.9 —13/2" 2.6543)
724.72) 2330.1 1605.6 (1512 —17/2" 5.1(6)
734.31) 734.3 0.0 11/2—7/2 20.1(18) 0.6726)
736.96) 42155 3478.1 31/2-27/2 1.2837)
737.52) 2981.6 2244.2 23/2-+19/2" 4.4243) 0.9429)
749.11) 2396.2 1647.1 1721312 13.59) 1.01(19)
750.62) 3344.7 2594.2 (23/2)—19/2 1.8027) 0.8230)
763.21) 1366.0 602.8 15/2-11/2" 17.211) 0.8922)
802.03) 1781.0 979.0 —9/2 2.01(46) 1.0443)
803.84) 2170.3 1366.0 15/2-15/2 1.3727) 0.8450)
810.65) 1605.6 795.0 17/2-13/2" 74.740) 1.00(11)
825.26) 4169.9 33447  (27/2)—(23/2") 0.7618)
830.Q1) 2477.1 1647.1 1721312 4.8246) 0.8525)
835.62) 2512.6 1676.9 17/2-15/2 2.84(45)
869.91) 1019.0 149.2 712-9/2 4.46) 0.31(20)
878.21) 2244.2 1366.0 19/2-15/2 9.7(7) 0.8925)
880.611) 4417.4 3536.8  (29/2")—(25/2") 1.0737) 0.8739)
915.46) 2521.1 1605.6 21/2-17/2" 34.221) 0.9712)
938.42) 2615.3 1676.9 (19/2) —15/2 2.9646)
942.81) 1676.9 734.3 15/2-11/2" 10.610) 0.8943)
944.81) 2310.7 1366.0 17/2-15/2 6.2546) 0.5221)
957.12) 2164.0 1206.9 (17/2)—13/2 4.45)
1015.72) 3536.8 2521.1 (2512 —21/2 3.95) 1.1342)
1019.@4) 1019.0 0.0 712712 2.4(6) 1.709)
1040.43) 2019.2 979.0 13/2-9/2 1.7424)
1142.52) 1745.3 602.8 —11/2" 3.96) 0.81(35)
1210.42) 2417.3 1206.9 15/2-13/2 2.95)
1224.31) 2019.2 795.0 13/2-13/2" 6.4(6) 1.0848)
1285.65) 2890.8 1605.6 (19/29 —17/2" 1.2237) 1.0839)
1375.21) 2170.3 795.0 15/2-13/2" 11.08) 0.3715)
1416.62) 2019.2 602.8 13/2-11/2" 3.1(4) 0.3515)
1534.82) 2330.1 795.0 (15/2 —13/2" 5.1(6) 0.3921)

aSum of the intensities of the feeding transitions divided by the conversion coefficient fastay of the
decaying transition from the same level.

sitions(from the DCQ from the 19/2 states by the 335 and small. The cross-talking dipole transitions of relatively low
358 keV transitions, respectively, to the 17/&ate of band energies between the bands are also consistent with a com-
4, and by the transitions of 476 and 498 keV, respectively, tanon parity assignment.

the 15/2 state of band 4, with intensities comparable to the

dipole branchings from the same levels. For the 95 keV tran-

sition (the lowest of band )/ although no DCO result is V. DISCUSSION

available, a similar argument excludes also the possibility of The experimental Routhiares and alignments, shown

E1 or E2 multipolarity, since the experimental lower limit of in Fig. 5 as a function of rotational frequenéy were cal-

the lifetime for this mass region of an electric dipole or quad-culated according to the standard procedure described in
rupole transition of 95 keV is about 35 ps and 8 ns, respecRefs.[25,24, with the Harris parametrization of the moment
tively. In those cases the transition would not be expected tof inertia, 7,=442 MeV~* and 7, =40r* MeV~3, taken from
compete with a high energil transition (836 ke\) from 102Ru [27]. The quasiparticle Routhians based on a deformed
the same level, which is only about two times fagfieom  Woods-Saxon potential including pairing interacti¢®8],

the experimental branching ratiarhe chances of the 95 keV calculated forZ=45 andN=60, are shown in Fig. 6. The
transition being other than an in-baMil are therefore very deformation(8,=0.193,=0.0,y=-30° and pairing-gap pa-
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FIG. 3. y-ray spectra from thed-gated matrix. Sum of gates on
(a) 179, 253, and 392 keV transitions belonging to band 7 @nhd
245, 307, and 353 keV transitions belonging to band 8°Rh.

FIG. 4. y-ray spectra from thed-gated matrix. Sum of gates on
(a) 499, 381, and 537 keV transitions belonging to band 5 @d
470, 473, and 585 keV transitions belonging to band 62Rh.

rameters used were chosen in accordance with the total A. The positive parity bands

Routhian surfacg TRS) calculations[28,29 for the mgy, In the present measurement, band 1 basedagyy (yrast
configuration(see also Fig. )/ The lowest quasiproton en- up to spinl=21/2) was observed up t6"=(29/2"). The
ergy levels of the positive parity are label&adB, C, andD; aligned angular momentum is3#% and the signature split-
and those of negative paritfl/2[301]), E and F. For the ting is large,Ae’ =200 keV. Yrast bands witlyg,, configu-
neutrons, the first available,,,, orbitals aree, f, g, andh ration have been observed in oddauclei in this mass re-
and for(gy.,dss), &, b, ¢, andd, respectively. gion [1,3-5,22,28 Band 2 presents a gain in alignment of

i (k)

FIG. 5. Experimental quasiparticlé), (b)
alignments andc), (d) Routhians as a function of
] the rotational frequencyiw for the rotational
_ bands in1%Rh. The symbols correspond to the
i numbering of the bands and parity, signature
_ (7, @) as indicated in the bottom panels.

z O s ~
= - F w3, +12) .
N I R L | v-v3(-12) ‘ -
®--0 1 (+,-1/2) X% 4(-. both) g
R . R g X i
DA =8 7 (-, both) e
2 [#e3 1) —| = 8, both) .

C | ! | !
0.1 0.2 0.3 0.4 0.5 0.1 0.2 03 04 0.5
hro(MeV) ho(MeV)
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)

\ \
sy

0.00 0.10 0.20 0.30

X=B,cos(y+30)

FIG. 7. Total Routhian surface calculations for #héb configu-
ration atZw=0.190 MeV in1%Rh. The thick dot indicates the po-
sition of the equilibrium deformation.

Quasi-neutron Routhian (MeV)

Y=[,sin(y+30)

Quasi-proton Routhian (MeV)

] energy for an axially symmetric shape. It is interesting to
ol 02 03 o4 05 o6 o7 os note also that according to Rogowski al. [32], the excita-
Lo (MeV) tion energies of the deformed bands show a minimum ex-
actly atN=66 neutron midshell for Ag isotopes, but shifts to
FIG. 6. Quasiparticle Routhians as a function of the rotationalN=64 for Rh isotope$33].
frequencyfiw for (a) neutrons andb) protons. Calculated g8, The band labeled 6 in Fig. 2 was observed for the first
=0.19, B,=0, andy=-30° in ®Rh. The following convention is  time. Very similar bands have also been observed inAhe
used for the levels: solid lineér=+,a=+1/2), dotted line(m =107-113 odd Rh isotopes by Venkoeaal. [22,23 and,
=+,a=-1/2), dot-dashed lingm=-,a=+1/2), and dashed line jith the help of a triaxial rotor plus quasiparticles model,
(m=-,a=-1/2). The configurations are labeled by letters. were identified as the-vibrational band, formed by the cou-
pling of the 7/2[413] proton state(wggy,) to theK™=2" y
~10h with relation to band 1, corresponding to the align-vibration of the core. Those authors claim that the occurrence
ment of the first twdh, 1/, quasineutrongef). The two bands  of those sidebands deexciting towards the magg,, exci-
cross at a frequency 6£0.4 MeV, as expected. tations is evidence for the deviation from axial symmetry.

Bands similar in structure to band Gee Fig. 2 are  The systematics of the ratio of the second to the fifst
known in other Rh and Ag isotopes. We were able to observe

only the negative signature of this structure, up to spin 5
(2712). The level assigned to 372t 806 keV is believed to
be the lowest level with negative signature, in spite of the
nonobservation of the 7/2-3/2" transition. The 1/2
level, just below this 3/2 state, which decays by the
317 keV transition, could be the lowest level belonging to
the other signature. As mentioned earlier, the *1/2/2",
5/2%, 712, and 9/2 states were identified previously using
the 1“Ru(®He,d)1%°Rh reaction by Rogowsket al. [21].
Kaffrel et al. have also observed this rotational-like sequence: e

in 197.19Rn [30,37 and have proposed the 1/2*[431] con- '

figuration, originating from ther(g/,,ds;,) subshell, located [ e v |
above theZ=50 major shell gap. This orbital has a large
deformation and tends towards well-elongated shags 7 8 9 10 11 12 13 14
~0.3), based on the best fits of the experimental levels to I(%)

rotor plus quasiparticle calculatiorj21,22,30,31 In fact,

CSM calculations also show that wif= 0.25, the intruder FIG. 8. Experimental excitation energy as a function of angular
1/2[431)] proton orbital tends towards a lower excitation momentum for bands 7 and 8 #°Rh.

B -0 band 7 T
®--o band §

Excitation Energy (MeV)
.
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=11/2 states in those odd Rh isotop@scluding 105Rh), all TABLE II. Tilting angles(#, ¢) and angular momentui@d) as a
between 1.2 and 1.3, is compelling evidence for a commoifunction of rotational frequencff.w) from TAC calculations for the
underlying nature for all those bands. In even-even nucleigxcitedmge2® vhy1/97/, configuration in'®Rh.

the analogous ratio of the second to the firsstate was
recognized by Davidov and Filippai24] simply as a mea- fhw (MeV) 0 ¢ J(#)
sure of the degree of triaxiality. This is also in agreement

with our TRS calculationgB=0.19,y=-30°. On the other 0.15 550 0 3 9.0
hand, Venkovaet al.[22] present the potential energy surface 0.20 60 . 2.8
for the ground states df>197.1%Rh nuclei calculated using a 0.25 65° 38° 100
microscopic self-consistent modg84]. According to these 0.30 65° 43° 11.9
predictions,'%Rh has a prolate shape in the ground state, in 0.35 65° 48° 12.7
disagreement with the present conclusion. This illustrates the 0.40 65° 54° 13.8
difficulty in producing precise theoretical predictions for this

mass region.

O/ State, while the lowest state is plangossibly corre-
_ _ sponding to band ¥ Table Il presents the results for the
B. The negative parity bands tilting angles and total angular momentum as a function of

In the present work we have observed both signature parfotational frequency. The total energy minimum as a function
ners of the negative parity band labeled 3, assigned to th@f the parameters is very shallow. Figure 9 presents the com-
1/2[301] configuration. We have also identified the transi- Parison of these results with the experimental values from
tions connecting the levels belonging to the two signaturd@nds 7 and 8. The agreement is reasonable, the theoretical
partners. This band presents an aligned angular momejgtumvames lying roughly in between the experimental values for

of about Z and a large signature splitting=200 ke\) at ~ the two bands due to the absence of tunnelitige chiral
0.3 MeV, consistent with theoretical expectations. vibration [13]) in the model. In addition, the calculations
Bands 4, 7, and 8 have similar characteristics, with stronéeproduce the cross-talk between the bands at low spin. The

M1 transitions and negligible signature splitting, band 4 pe£Xxperimental ratio oB(M1) reduced transition probabilities
ing somewhat less excited. Bands 7 and 8 are nearly degeReétween in-band and interband transitions is between 1.2 and

erate and present considerable cross-talk at low spin, whick4 for the 21/2 and 19/2 states of both bands. The experi-
suggests a chiral doubléEig. 8) in a fashion similar to that Mental lower limits of theB(M1)/B(E2) (in-band ratio for

observed in thed~ 130 mass regiofil2,13. Two types of the 21/2 states of bands 7 and 8 are aroung/@ b; unfor-
three quasiparticle negative parity configurations are availtunately, not very restrictive due to rather low statistics. The
able at low excitation energy: from1/27[301](ge»)? (with ~ Present version of the TAC code predid&M1)/B(E2)
K=8) and mgo;,® vhy1,4(g7/2,ds,) parentage. Both types z33,uﬁ/e b for J=9#, but does not allow for the disen-

have been considered previously for band 4 in this nucleuinglement between in-band and interband transition intensi-
[2] and for similar bands in neighboring nuclei, but we doties after chirality sets in. Chirality develops already at low

not have a conclusive argument to distinguish between th&Pin which is unusual, and is probably related to the presence
two configurations from the present status of data and calc?f @ Fermi-aligned quasiparticlegy/,), besides the particle-
lations. TRS predictiongsee Fig. ¥ show for the second like and holelike excitationgvhy;/, and mgg,, respectively.
configuration a very shallow minimum as a function pf . — — .

deformation. There is little variation in total Routhian in the

interval from —30°< y=<30°. The position of the absolute 1“r- 1
.. . . . O---8 band 7

minimum calculated depends on the particular combination | & —® band 8 ° i

of the signature of the quasiparticles involved in the configu- . —— TAC cale. /

ration (A or B with e or f anda or b). The one shown in Fig. £ 12 9" n

7 corresponds ta=+1/2 for which the absolute minimum & | . |

is close to maximum triaxialityy=-30°). The TRS calcu- &

lation, however, assumes a principal axis cranking rotationn 1o =

[35]. From a more general approach, considering a tilted axic >

rotation [36], one would expect that the combined polariza- K |

tion of gg;» proton hole,h;;,, neutron particle, and the col- sl o i

lective rotation could lead to a rather stabilized collective

triaxial deformation(y=-30°). This condition is suitable for S E 77—

the appearance of chirality in the intrinsic system, generating
a pair of nearly degenerate bands. Hybrid TAC ma@&4|
calculations were performed féf°Rh which indeed present FIG. 9. Total angular momentum as a function of rotational

a chiral solution (¢#0 or 909 for the mQys, frequency. The open squares and closed circles are the experimental
® vhy1Ad7/2,ds12) basic configuration, assuming a triaxial data for bands 7 and 8, respectivelyXfiRh. The thick line corre-
shape with &,=0.21y=30° (with pairing gaps A, sponds to the TAC calculations for the chitadg;,® vhy1/:07/ €x-
=0.97 MeV andA,,=1.12 Me\), but for an excited proton cited configuration.

o (MeV)
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Normally some amount of collective rotation is necessary fottion of the core, was located. A multiplet of levels based on
the aplanar(or chiral) configuration to become favorable the 7 1/2'[431] configuration has been identified and a re-
[10Q]. It is suggested, therefore, that bands 7 and 8 have thated band structur@abeled 5 extended td™=(27/2"). A
70g/2® vhy197/» iNtrinsic chiral configurations. This will pair of structuregbands 7 and 8 previously unknown, are
then be the first candidate reported on the experimental olggood candidates for thegg,,® vhy1,.07/2 intrinsic chiral con-
servation of a chiral doublet in an odd nucleus in this masdigurations, as predicted by TAC calculations. The measure-
region (another candidate in an odd nucleus is recently rement of transition probabilities and refined calculations
ported in**>Nd [38]). Due to the shallowness of the potential would be very helpful to corroborate this suggestion and for
energy minima, the theoretical results become rather sensi more conclusive configuration assignment for band 4.
tive to the single particle energy parameters. It would be

desirable, as more high-spin data from this mass region be-

come available, to revise these parameters and improve the ACKNOWLEDGMENTS

precision of the calculations. ,
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