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Abstract: The gyromagnetic ratios of the 2 2 and 4j states in 1 9 20s 

were measured relative to that of its 2j level. The thin-foil, 

perturbed Y-ray angular distribution technique was employed 

utilizing the enhanced transient hyperfine magnetic field 

present at the nuclei of these ions as they swiftly recoiled 

through a thin, magnetized Co foil. The states of interest were 

Coulomb excited using a beim of 220-MeV 5 8Ni ions. The present 

measurements yielded ratios g(22)/g(2j) = 0.68 ± 0.08 and 

g(4*)/g(2i) » 1.00 + 0.12. The sizable disparity in the 

measured g-factors of the levels of the two low-lying bands is 

compared with interacting boson approximation nodel-based 

calculations, as well as with a Nilsson basis single-pavticle 

jrodel description. 
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NUCLEAR REACTIONS 1 9 20s( 5 8Ni, 5 8Ni' Y) 19-0s(2i,22,4*), E = 220 M-V; ] 

measured Y(9.H,T) in polarized Co, particle~y coin, Cculor.b j 

excitation. I 9 20s levels deduced g. Enriched target, thin foil 

technique. 

NUCLEAR STRUCTURE ^ O . ^ O s ; calculated g. Interact ing bossn 

approxijnaticn, broken 0(6) symmetry; Nilsson basis s i ng l e -pa r t i c l e I 
j 

model. I 



1. Introduction. 

In recent papers, " both our experimental measurements 

and interacting boson approximation (IBA) (Ref.4-6) 

model-based calculations of the absolute and relative B(E2) 

transition rates between levels in 15$,198pt a n cj tf,e gyromagnetic 

ratios of the 2 l f 22, and 4j levels in these nuclides were 

reported. In these, it was demonstrated that in the near-0(6) 

(Ref.7) liniting IbA syonetry, with the inclusion of a relatively 

small symmetry-breaking Q/(£ force and using the same parameters 

of the interactions that had been shown to account well for both 

the measured B(E2) rates and Q(2j) values of the even l^-^Spt 

isotopes, the gyroaagnetic ratios of these levels were predicted to 

depart from constancy to a small extent. Although the 

experimental g-factors obtained for these levels in I96,l98pt 

(Refs.2 and 3) were not inconsistent with these predicted small 

departures from equality, comparisons with the measured 

g-factors did not prove as definitive as might otherwise be 

desired. 

In as much 2s a number of salient nuclear structure aspects 

of the "transitional" Os and Pt nuclides have not been adequately 

or self-consistently encompassed by any specific theoretical 

model description and remain of long-standing interest, we have 
2 3} undertaken, as foreshadowed earlier, ' ' both experimentally and 

theoretically to extend these studies to the low-lying excited 

states in the even Os isotopes where a larger degree of symmetry-
8") breaking departure from the pure 0(6)-limit IBA is expected ; 

to pertain than for the Pt nuclides. To this end, we present 
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here our experimental determinations of the gyroraagnetic ratios 

of the 2lr 2 2, and 4j excited states in 1 9 20s and conparc these 

results with IBA-based theoretical predictions, as well cs with 

corresponding alternative calculations in the projected 

Hartrcc-Fock formalism using defcrned single-particle orbit.ils. 

2. Experimental procedure. 

The states of interest in 1 9 20s were Coulomb excited by 

220-MeV 5 8Ni ions from the Australian National University 14 UD 

Pellctron tandem accelerator. Two H? Gc detectors placed 5 c:r. 

from the target at ±65 to the incident beara direction registered 

the de-excitation y-ray transitions in coincidence with beam 

projectiles backscattered fron the target in the angular range 

146 -166 and detected in a conrcor. annular surface-barrier 

detector. The coincidence restriction resulted in events 

recorded for 1 9 20s ions that recoiled in a forward core of mean 

half-angle V7 with a nean initial velocity v/c = 0.059. The 
°) target (specifically designed for an experimental study of 

the relative transient hyperfine field strengths acting on 0s 

and Pt ions recoiling through thin, magnetized Co foils) 

consisted of a lead-backed 4.2 vn Co foil on the up-strcar. 

side of which W3S an electroplated layer of 1 3 20s [(S3S ± 66) 

ug cm"2 enriched to 99.06%] on which a (361 t 25) yg en"2 thick 

layer of 1 9 8Pt (enriched to 95.83%) was elcctrodeposited. The 

thicknesses of the 0s and Pt layers and of the Co foil were 

determined by Rutherford scattering of 3-McV proton fron; the 

University of Melbourne 5U Pelletron accelerator and froni the 

yields of detected characteristic X-ray induced by the same 

pro*on beam; these results were ir. accord with the observed Coulcrb 

excitation yields of the : 3 2Cs and **sPt de-excit3tion y-rays. 
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The thin foil, layered target technique employed in the 

present transient field precession measurements has been 
** in 111 described in detail elsewhere** ' ,A polarizing field of 850 Oe 

was applied to the target; its direction normal to the bean axis 

was reversed at frequent intervals to minimize systematic 

errors. Effective magnetic shielding of the fringing field 

rendered beam-bending effects small compared with the measured" 

precessions (and associated errors) of all states of interest 

in the present study. 

The unperturbed angular distributions of all dc-excitation 

Y rays were measured with the same detectors and geometrical arrangement 

used in the precession studies. Any local, angularly-dependent 

Y-ray absorption variations due to non-uniformities in 

the target chamber walls, etc., were determined and corrected 

for by measurement, as a function of angle, of the detected 

rates of y rays from a 1 5 2Eu source placed at the beam spot 

location behind the target. 

For a given y-ray angular distribution K(8), it can 

readily be shown that the counting rate N recorded by a gamma-ray 

detector at a specified distance from the target is most 

sensitive to the transient field-induced angular precession, 

&8, of that distribution when located at that angle 0 to the 
Y 

bean such tha t S2N i s a maxima. [S i s the logarithmic 

der iva t ive of W(9).3 For the t a rge t - to -de tec to r dis tance of 
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the HP Ge detectors employed in the present investigations, e 

was close to ±65 for all E2 transitions studied; 

consequently, the two y-ray detectors were positioned at these 

angles to the beam direction. 

Coincidences between each Y-ray detector and the 

projectiles backscattered from the target were recorded in an 

event-by-event, multiparameter node on nagnetic tape (y-ray, 

particle, and time-analog converted pulse-heights, together with a 

field-up/field-down tag bit). The coincidence spectnn associated 

with each Y-ray detector and each field direction was obtained 

separately in off-line tape play-back sorts. Chance coincidence 

rates, although quite small throughout the experiment, were 

duly subtracted in the analysis. 

3. Analysis of data and other expericental features. 

The neasured unperturbed Y-ray angular distributions for 

all transitions observed were in accord with those 

calculated for the same detectors and detector placements 
121 using the Winther-de Boer ' Coaloab excitation cede with 

feeding from higher states directly populated in the reaction taken 

into account. 

For the case, as is the situation in the preser.t study, 

where the nean lives of all relevant states are long cenpsred 
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with the transit time cf ions through the polarized ferromagnetic 

foil, only when an excited state is directly populated in the reaction 

will it undergo a precession in the transient hyperfine field; that 

precession will be reflected in a given finite rotation of the 

angular distribution aot only of the y ray de-exciting that level, 

but of the angular distributions of all subsequent cascade 

transitions involved in the specific de-crcitation decay pathway to the ground 

state. Thus, the measured angular distribution of a given transition 

de-exciting a particular excited state of interest which can be both 

directly and indirectly populated in the reaction will display a resultant 

aigular displacement that is a weighted average of the precessions 

in the transient field of that level and those of directly populated 

higher states which feed it. These weights involve the g-factors 

of all such states, the strengths of direct population of these higher 

states relative to that of the state of interest, and the appropriate 

successive products of the de-excitation transition branching ratios of 

all levels involved in the various decay pathways leading to indirect 

population of the specific lower state under consideration. 

Therefore, the ratio, p, of the normalised counting rate of a 

specific J •*• J' transition for polarizing field up (Nt) to that with 

field down (N+) registered in a given y-ray detector set at 8 
131 to the bean direction can be expressed as: 
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P ' N+ " l+ g jK* ' V* J 

where 

• = (fl9/gj)= -(PN/TO BTF d t* T i S t h C t r a n s i t t i m e o f t h e i o n s 

through the ferromagnetic foil, u N the nuclear magneton, i? the 

precessional shift of the angular distribution of the J •* J* 

v ray de-exciting the state of interest. 5 represents the 

velocity-dependent transient field, and 
dW(0)P ! 

de 9 i,p-*j' " I " |e 
R = 1 _JL ; (2) 

I.P T 

g T is the g-factor of the state of interest, g. that 

of any given higher directly populated state I 

that decays to the state J by cascade pathway p, n T is the 

ratio of direct population of state I to t?-t of state J, 

1^(1,I-l) is the transition branching ratio of each state I leading 

to the next lower state I-l in any given decay pathway p leading to 

state J, K(9)JJ, is the unperturbed angular distribution of the 

J •*• J' transition when the state J is directly populated in the 

reaction, K(9)?j is the unperturbed angular distribution of the 

J •* J' transition which results when the level J is populated 

only by feeding from the decay of the directly populated level I 

via a specific pathway p, tr.i <Vc ,(S )> is the weighted average 

angular distribution, evaluated at 9 , of the J •* J f transition 

which results by virtue of direct population of state J and all 

cascade pathway feedings to it frcrr. all higher states directly 

populated. <Mf .(0 )> is given by 
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* ( 6 > J J « e + I { V K ; jf̂ CM-i)]}, 
<w, , (o )> = •• '»P J LJL - (3) 

the SUBS and products are taken over all populated states, I, of higher 

excitation energy that decay via the various pathways, p, to the state J 

of interest. 

EFcr the special case in which the g-factors of all levels 

directly populated have the common value g, R reduces to 

R * «W« Y>> I " W 
d<Wfcd(6)> 

* S 
e 

C4) 
e 
Y 

i . e . , the logarithmic derivative of ^f+iW* evaluated at e . 

Under these circumstances, eq.(l) becomes 

P * N7 ' iTg^S? C5) 

The value of S\a for each transition aay be calculated '* ' for 
~Y 

the given experimental geonetry, or obtained directly from the 

measured angular distribution in that geometry of the J •* J' 

transition.2 

In general, when it is not known a priori whether 

the g-factors of all states (or even a subset of them) are 

identical, eqs.(4) and (S) are not strictly applicable, 

and eqs.(l)-(3) must be employed. Such was the case in the 
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present investigation, and analysis proceeded as follows: the 
e 

> (') precessional data of the 2 2 •*• 01 and 4j -*• 2j transitions were 
first considered separately, as the 4j level does not feci the 
2 2 state and these levels were the two highest states for which direct 

I, of higher population was sufficiently strong for statistically significant 
o the state J precessional data to be obtained in the present work. As states 

higher in excitation energy than these were directly populated only 
r.vels relatively weakly, it was found in the analysis of both these 

states that all stunned terns in eqs.(2) and (5) were, 
negligible conpared to the leading terns of these expressions even under 
the extreme assumption that the g-factors of all such higher nopolated 

t«) 
levels were more than twice those of the 2 2 and 4j states. (Thus, in 
these cases, eqs.(4) and (5) also yield these sarae results.) 

The situation was different, however, for the 2j level; 
both the 2 2 and 4j states feed the first excited state and were 

(5) directly populated with strengths comparable to that cf the direct 
population of the 2j state. Indeed, indirect feeding frcr: the 
2 2 and 4j states to the 2 \ level accounted for "-20", and *-*9'j, respectively, 
of the total copulation of the first excited state. Thus, the 
analysis of the precessional data for the 2 \ •*• Oj transition 
necessitated utilisation of the previously analyzed results for 
the 2 2 and 4i levels, the details of the well established level 
schene, the measured relative direct populations of all levels, 
and W C 9 ) J J I a n d W ( S ) ? T ( a n c i t h e i r derivatives) calculated "'* ' 
for the detectors and detector-target geometry ertploycd, and 
evaluated at 9 . Aside fron the terns in cqs.(2) and (3) 
which relate to the directly populated 2 2 and <*; states, all 
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other terms were negligibly small conpavcd to the leading terns 

in these expressions (again, even under the tenuous assumption 

that the g-factors of all other states were nore than twice that of the 

2j level). [A snail correction (0.7 crad) to the extracted transient 

field precession of the 2j state was Bade for the precession of this 

long-lived level (T = 418 psec)A ' in the applied polar:ring magnetic 

field whilst the 0s ions resided in the Pb target backing prior to 

decay. This correction was quite snail compared to the measured 

transient field precession of this level (see below).] 

All states higher in excitation than thac of the 4j leyel 

were populated too weakly in this study to allow statistically 

meaningful g-factors to be extracted from the recorded data. 

As the icean lives ' of all states populated in 1 9 20s were 

long compared to the transit tine ( 'vO.S psec) of the 0s ions through 

the polarized Co foil enployed, corrections for decays in flight 

while in Co were negligible. The transit tine was calculated 

from the known kinematics and the measured target and Co foil 

thicknesses using the stopping powers of Ziegler . 

It should be noted that as the calculated and measured 

unperturbed angular distributions of the 2j •+ 0j transition were 

in excellent accord, the Pb target backing proved an effective 

perturbation-free environment for the 2j state over the 

extended period of its lor.g lifetime, save for the small precession 

of this level in the applied polarizing field. 
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4. Expcrincntal results -

The relevant portion of the coincidence y-ray spcctne 

recorded at 65° to the incident bear; direction is presented in 

fig. 1. [The presence in this spectrin of transitions in --:Ft 

is due to the nature of the target co-sposition (used in our 

ancillary study J]; the Pt transitions do net obscure any of 

the relevant transitions in 1'20s.3 The particulars of the 

experimental precession ccasurenents, their analyzed results, 

and the g-factors extracted fro-j the analysis presented 

in Sec. 3 for the 2j, 2 2, and 4j levels in 1 9 20s, are given in 

table 1. In these results, the g-factor of the 2 : level i-. 2 ? 70s 

was taken as known CgC2i;1220s) = 0.36S • 0.010J froa the 

weighted average of all previously reported determinations of 

it, and the gyronagnetic ratios of the 2j ar.d 4j states were 

determined relative to it. Thus, that value of g(M; i 9 : :0s} 

served in the analysis to specify the tise-integrated transient 

field also acting on these two higher states (independent of 

the degree of polarisation of the ferromagnetic foil), 

since the 1- 20s ions in all three excited states traversed the suae 

polarized Co foil with the sane velocity ar.d experienced the sir.e 

integrated transient field curing the sarae ion transit tics T thro;:<-h 
C c *•" 

the foil. This procedure by which the g-factors of all levels 

arc inferred relative to that ef a k-.ovn state renders it 

unnecessary to rely upon any fora of ion velocity- and Z-dercr.cient 

transient field parameter;ratio*. - a reliance which has been shown"' 

to be questionable in scr.c ceres. 
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The present results for the g-factors in a z 0 s and those 

empirically determined by prior authors (wh e r e a v a :> lable) for 

the corresponding levels in the even 126-190Q S isotopes are 

presented in table 2. 

It is clear from the extracted g-factors of the three 

levels in 1 9 20s that the gyromagnetic ratios of the 2j and 4j 

states arc the same, while, in contradistinction, that of the 2 2 

level differs from then substantially, .[Although the single 

prior measurement i of g(22) reported Csee table 1) might have 

suggested a possible disparity between the g-factors of the 2j 

and 2 2 states, its relatively large experimental uncertainty 

could equally well have led to the conclusion that the gyronagnetic 

ratios of these levels are consistent with being the sane. On the 

other hand, the precision of the present measurements yields a 

"ratio g(22)/g(2j) that differs substantially from unity by 

approximately four standard deviations.3 

5. Theoretical calculations. 

> 

5.1 C/ronagnetic ratios 

In view of experimental findings (table 2) that the gyromagnetic 

ratios in the Os nuclides display (i) relatively large variations 

for levels in a given isotope and (ii) sizable changes for given 

corresponding levels in the even Os isotopes as a function of mass, 

it is of interest to calculate theoretically the g-factors of 

states in the even Os nuclei - particularly for the (2j, 22, and A\) 

triplet of states in 1 9°t 1 9 20s. 
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Despite the abundance of data, principally in the form of 
B(E2) transition rates, which supports interpretation of the Os 

181 isotopes as rigid triaxial rotors or y - s c E t vibrators, the 
disparities experimentally observed for the g-factors in these 
nuclides cannot readily be accounted for in terrs of shape (B,Y) 
variations as they are independent of p,>, and level-spin J to 
lowest order. 

2 31 In previous papers, ' ' we presented a parameterization of 
4-7"> g-factor variations in the semi-phenonenolcgical IBA model. ' 

To recapitulate, the gyroaagnetic ratios are given by g(L) = v./L, where 

V, * , <L||T(M1)||L> (6) 
** /T(L+i) (2L+1) 

and T(M1) is the magnetic dipole operator. In the IBA, T is 
parameterized J to second order as 

T(M1) = g/10 ( d + d ) p t g cC(d*s)®d*d) • (d fc)®[3 Tu) ] y (7) 

where "g" is the level-independent gyTorsagnetic ratio and g is 
the level-dependent correction (variation). Calculation of boson 
structure factors together with an experinental measurement of an Ml 
transition rate enable g to be obtained and, hence, the level 
dependence of g(L) to be evaluated. 

The Pt-Os region has been shown to be an interesting and 
1 81 appropriate one for boson models ' J both as a detailed test of 
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synnetry-breaking on B(E2) selection rules and as an exhibit.*.on 

of a phase transition from y-soft vibrator C(K6) limit] to 

rotor [S'J(3)]. The variations of g-factors will now be discussed 

in terras of this model. 

5.2 IBA-based g-factor calculations 

The sp itra of 1 9 0 » 1 5 2 0 s were calculated by fitting the 

parameters (A,B,C,D) of the boson Hamiltonian ' * 

H B = AP 6 • BC 5 • CQg • DL-l. (8) 

to the low-lying energy levels in a least-squares procedure. The 

four parameters were free to vary and the solution found is similar 

to that of Casten et̂  aĵ . ' [i.e., 0(6) • some SU(3) symmetry 

breaking ((£'(£ • L̂ *]03; these results are presented in table 3. 

The E2 matrix elements can be evaluated by writing the E2 

operator to lowest order * as 

T(E2) - a[(s +d) 2 • (d+s)23 • e[d+d3ti ; (9) 

and with (a,B) = (16.1, 1.5), the calculated quadrupole dynamic and 

static r.osents are compared with experimental values in table 4 

for the first two excited 2* states in 1 9 0 ' 1 9 2 0 s . 

The overall level spectra fits (table 3) are satisfactory 

and the E2 predictions (table 4) are seen to be in good agreenent 
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with experiment. In particular, (i) the cross over/stop over 

Y-r3y decay ratio of the 2~ level [B(E2;22-V0t)/B(E2;:2^2*;3 is 

ivell reproduced, and (ii) the quadrupole jrorients of the 2i and 2 2 

levels arc predicted to be approximately equal in na^nifjce and 

opposite in sign in each nuclide in accord with experirer.t. 

In the strict 0(6) lir.it with 6 « a (i.e. 6=0), the 

B(E2;22-»Oi) vanishes as well as do the quadrupole ncnents. 

Therefore, the degree of symmetry breaking required to fit the 

energy level spectra is seen also to be consistent with that 

needed to reproduce the E2 decays and quadrupole noraer.ts from 

and of, respectively, the 2 levels in 1 9 0 » 1 9 2 0 s . 

The predicted g-factor corrections, g , may be obtained 

for the levels of interest in these two nuclides using the 

calculated wave functions and the neasurcd nultipolarity rixing 

ratios for the 22 •*• 2* transition decays in 1 9 C0s (j5!=4.$;C5) 

(ref.22) and 1 9'0s (|6|*8.5±2.5) (rcf.15) as prescribed.2"^ 

We find that g - 0.014 and 0.020, respectively, for 1 9 30s and 
1 9 20s. 

Using23 

g(D - t t gc(̂ )[ {£}>[% j] ]\l\\(*f*)W*)2\\*l> , 

we find |2(22)-g(2t)| to be 0.024 (*9C0s) and 0.02S ( : 9 20s) with 

g(4l)*g(2:) in both nuclides. Although the corresponding 

http://lir.it
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differences in the gyromagnctic ratios for the 2 2 and 2j states in 

19S,13SPt w e r e n o t inconsistent with our experimental determinations2 

the differences predicted here for 1 9 0 » 1 9 2 C 3 are at variance with the 

present measurements (table 2). 

In assessing the disparity between these IBA-based predicted 

g-factor variations and the experimental values, it should be 

noted that for a given nultipolarity mixing ratio, S, in an L -*• L 

transition in a particular nuclide, the difference (Ag) between the 

calculated g(22) and g(2i) values scales essentially as 

A g - <3Lll[(stdMdts)32||aL> 
«<2;|j[CsV(dts)23|i22> 

and, hence, is determined by the relative magnitudes of the structure 

natrix eler.ents. For nuclei at the 0(6) limit, the numerator in 

eq.(Il) vanishes and the denominator is large, leading to g-factor 

constancy (Ag-K)). However, for broken symmetry, if the system 

tends from 0(6) toward SU(3) symmetry, the nuclear structure 

factor becomes more favourable and will be large in the S'J(3) 

liciit. {That this is the case can be essentially seen by taking 

the 2 2 level as the K=2 member of the y-band [(>.,y) s (2N-4.2)] 

representation and the 2j state as the ground-band (2N,0) 
20^ representation in the N-boson SU(3) lir.it. ' In this svrnraetry 

Q(2«VQC2j) = -(4N-3)/(4N*3) « -1 (N=8 for 1 9 2Cs), in agreement 

with experiment; the numerator of eq.(11) - scaling as the in-band 

quadrupole matrix element - is large, whereas its denominator 

(scslin^ as the cross-over band natrix element) is relatively small, 

leading to a departure of Ag from zero.} 

http://lir.it
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Wc stress that the interaction Hamiltonian Eeq.(3}]does not 

provide a particularly sensitive test of the calculated-experimental 

g-factor comparisons, in that the x 2 minimum of the least-squares 

fits to the energy level spectra are quite fiat. For example, a 

feasible alternative set of parameters (at least insofar as the energy 1 

spectra are concerned) is [A,B,C,D = -0.311, -0.618, 0.0049, 0.0312]; 

this set is much closer to the SU(3) limit than is the parameter 

fit set of table 3 and yields |g(2j)-g(22)1 = 0.067 ( 1 9 20s) and 

0.037 ( 1 9 00s), still smaller than, but in better agreement with, 

the experimental value Ag = 0.115 ± 0.023 for 1 9 20s. Nevertheless, 

this more SU(3)-prone paraneter set, while still reasonably well 

reproducing the static quadrupole moments in these nuclides, 

yields ouch smaller values for the calculated B(EZ;22-*2j) rates 

in both 1 9 0Os (461 e2fn") and 1 9 20s (157 e2fm£') which arc in 

strong disagreement with experiment. 

In light of the foregoing 3nd referring back to eq.(10) as 

a guide, it is not possible to simultaneously explain both the 

B(E2) data and experimental g-factor variation in terns of this 
1 81 IBA-based model. While conventional v»isdcm ' holds that the 

Os-Pt region is well described by a perturbed 0(6) boson model, 

wc conclude that the measured g-factor variation cannot be 

encompassed in terms of the boscn perturbation expansion, eq.(S]. 

As magnetic transitions and static moments are much more 

sensitive to single oarticle transitions (orbitals) than are 
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B(E2)s (g(singlc-particle) > g(collective) = Z/A}, it proves 

instructive to no-.* consider a simple single-particle nodel. 

5.3 Single-particle model calculations 
231 In the work of Gotz et̂  £l_. , potential energy surfaces 

were giver, for the transition region and it was suggested that 

the Os isotopes C 1 9 20s in particular) could be considered as 

nuclei with competing prolate and oblate axially synnetric 

shapes (y=0,60 ,respectively); an idea which has been useful in 

treating quadrupcle and dipole moment systeraatics in (sd)-shell 

nuclei. ' 

To test the sensitivity of the g(2j) to such shape variations, 

the Ml dipole matrix element is calculated in the projected 

.Hartree-Fock (PHF).formalism using a single deterninant of deformed 

single-particle orbitals * 

jaLM> - I & I V l ^ J l & i V ' < 1 2> 

< O L | | T ( H I ) | | O L > - — I sf:L. M: 
SS uu *ih hh 

where S^ L = <aL|i(a. fQa. f \ | aL> is the reduced single particle 
J1 J2 f

; 2 ;1 
density matrix and M. . is the single particle reduced matrix 

hh * , _*_ eienent. In the evaluation of M, we set g =l,g =0 and quench the spin 
r 

g-factors (g*=5.586;g*» -3.826) by 0.6 (which is usual in this 
P •• 

nass region '). 
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The determinant [v > was constructed using the Nilsson 
27) levels of Irvine 

|*K> = n b;|-> , C3) 
a=l 

where !-> is the 2 0 3 P b core and the b are the one-hole creation 1 a 
operators. The single-particle basis is the N=4 shell + ° " n / 2 

for protons and the N=5 shell + 0 i . 3 / 2 shell for neutrons. This 
23*1 

Nilsson basis is consistent with the level scheme of Get: et al. ' 

near i 8 (*W. Ground-state bands are assumed to be the pair-wise 

filled tine-reversal symmetric state with K=0, and excited states 

appear from shape nixing (oblate-prolate) or particle-hole 

excitation. Although we cannot obtain collective shape 

asymmetry (y/0) with axiaily symmetric single-particle levels, yet 

the sensitivity of g(L) to single-particle excitations can be 

tested. The results of such a test are shown for 1 9 2 0 s in 

table S where it can be ^een that (i) the PHF determinant can reasonably 

well reproduce the measured absolute g ( 2 ; ) for prolate shades that 

are consistent with Q(2j),with g being relatively insensitive to 

the shape paraneter, 6, for & > 0.1, and (ii) small oblate 

shapes have a sniall (perhaps negative) g-factor inconsistent 

with any of the gyror.agr.etic ratios measured for the 2 i t 2», 

and 4; states. 

For a prolate shape of 5 » 0.2, the lowest 2p-2h K'=C excitation 

has a g(2 ) value of +0.144, while the lowest K/0 lp-lh excitation 

has g(2 ) r 0.812 (proton excitation) and g ( 2 + ) = -0.319 (neutrcn 

excitation). 

http://gyror.agr.etic
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It appears clear that, due to the lack of quenching in the 

non-time-reversal symmetric states, the g-factors calculated in 

this model are sensitive to K/0 admixtures; but equally, the 

variation in the g-factors of the K=0 excited bands could 

encompass the scale of variations observed experimentally in the 

Os isotopes. Calculations of g(2j) for the lighter even Os 

isotopes for 0:1 < 6 < 0.3 range from 0.2 to 0.3, again in 

rough agreement with experiment (see table 2). 

We conclude that the simple model, above, based on a 

single axially symmetric Nilsson Slater determinant indicates that 

a study of g-factors, B(E2)s, and Q(2 ) variations in the Os 

isotopes using a more detailed microscopic model would be useful. 
281 

As an interim step, the semi-phenoroenological Bose-Fcrmi models, •* 

which have been successful in the high-spin Pt levels, may be 

able to reproduce large g-factor variations. 

6. Conclusions. 

The extensive body of empirical information, comprised of 

the present measurements of the gyroraagnetic ratios of the 2j, 2j 

and 4j states in 1 9 20s, available prior g-factors measured for 

corresponding levels in 1 9 30s, relevant B(E2) rates, and the measured 

quadrupolc cosents of the 2\ and 2 2 states in both nuclides, has 

been co-pared with predictions calculated on symmetry-broken 0(6) 

IBA bases and on deformed single-particle model considerations. 
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Although these models have been shown capable of accomodating 

some measure of g-factor variations for the levels of interest, 

neither one appears able to predict simultaneously both the 

experimentally observed gyronagnetic ratios and B(E2) transition 

rates adequately well. These findings suggest that sosc dogree 

of both collective and particle-orbital effects are required to 

encompass the dynamic and static noncnt data now available for 

these transitional nuclei. 
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Tabic 1. Present experimental par t icu lars and resu l t s for 1 , ? 0 s recoiling through a 4.2 pm thick magnetized Co foil , 

Mean n r t H n t> A lixpcrimentul g lactors 
Level i i fe t T " E? C* ( v / v j ? ( v / v j * <v/v > a c ( 6 s V S(2S°)C R(mrad)d A6 

l P s c c ) (fs) (MoV) (MOV) . ( * 1 0 > ( m r n d ) P r C S C n t W 0 l k P , ' i 0 r W O l " K 

A 41H 522 136 28 5.3 2.4 

2j 46 522 136 28 S.3 2.4 

*l 20 522 136 28 S.3 2.4 
m , • _ > .i i • i. • • • 

3.7 42.6(14) -1.62(5) -1.57(5) -26.4(12)° 0.365(10) 

3.7 44.4(42) -2.46(7) -2.46(7) -18.0(18) 0.250(26) 0.28 (10) 

3.7 26.1(28) -0.99(3) -0.99(3) -26.4(20) 0.365(45) 

Transit tir.io of recoil ing Os ions through Co foil, energies of the Ion* incident upon, li,, and emergent from, G^, 
the Co foil, velocities »»f those ions relative, to that of the Bohr velocity, v • c/137, entering, (v/v ) , , and leaving. 
(v/v ) ^, the Co foil, and the average voloclty of tho Ions, <v/v >, in the foil woro obtained using the known target and Co foil 
thicknesses, the known reaction kinematic;, and tho stopping powers of ref. 14. 
The experimental ratio c =» (l-p)/(l»p) multiplied by 10 1, whoro p " {(Nt (*)N*(-) J/[N> (*)N> (-) ] P measured with two dotoctors 
positioned at (i) the specified nnglo, and Nr(N*) are normalised counting rates recorded for polarizing field up(<!own). 
The values of S I lojiui'hiwic derivative of W(0)J for the transitions nt the designated angle were calculated nnd measured for 
th>? present experimental geometry (see text). 
See definition of II, ci|.(2), text. 
Corv-ct.vl IVr small procession of , 9 2 0 a 2j r.tato {\ • 418 puce) In external polarUlni; field. 
The $ factors obtained in rhe prcseat v.oik are relative to the weighted averaf.o of previous dot ermliint Ions of the gyroiiMgrctic 
ratio of the i\ levi%l in n > O s (presented in ihe last column). 
Wcif.hrvil averager, of prior valu-n ropi'cd In the literature for tho ntares of interest (summary of previous Treasured value*; 
:T.; prosonted in Ref. I/), 

http://Wcif.hr
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Table 2. Summary of experimentally determined gyromagnetic 
ratios reported for the designated levels in the even 
18S-J?: 0 s nuclides. 

Level Experimental o +i/„r?* 
.it (J ;isotope) gyrorcagnetic ratio 

g(2D/2(2i) g(4 a)/g(2 a) 

2i; 1 8 60s 0,282 ± 0.007a 

2t; I 8 80s 0.294 ± 0.0083 1.54 + U.26 

22; 1 8 30s 0.453 ± 0.0?4a 

2t; 1 3 ?Os 0.297 i 0.009a «1.5 

4t; 1 9 00s =0.45 a 

2*;'52 0 s 0.J65 ± 0.0103 0.68 ± 0.08b 1.00 ± 0.12b 

2^; 1 9 2Cs 0.250 ± 0.026b 

4t; 1 9 20s 0.365 ± 0.04Sb 

Weighted average of prior determinations presented in Ref. 17. 

Present results; neasured relative to g(2j; a 9 20s). 

a) 
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Table 3. Least-squares fit boson Hamiltor.iar. parameters ar.d 
calculated and experinental level spectra of i 9 " » 1 9 2 0 s . 

190 O S " 2 0 s 

al Parameters ' 
A 123 147 
B 157 167 
cb> -0.76 -0.55 
0 11 12 

J* Energy levels (keV) Energy levels (keV) 
Experiment [calculated] Er.pe rinent [calculated] 

A 1S7 [162] 205 [ISO] 

2z 558 [589] 439 [486] 

4t 548 [505] 5SC [538] 

3t 756 [837] 6?D [777] 

4 955 [996] 910 [PC9] 

*l 1050[1016] 10S9[1C63] 

<S 912 [808] [677] 

23 1115[1144] [1049] 

^ 1163[1326] [1222] 

a) Parameter values are in keV. 

It should be noted that the values of the parameter C found 
by Casten et̂  al_. (ref. 8) are appropriately 8 tises larger 
than obtained in the present fits due to differences in the 
definition used for the quadrupole operator. 
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Table 4. Conparison of present calculated B(E2) transition rates3^ 
and static quadrupole rcoraents with experimental values 
from and of the 2* and 2*z states in a 9 0 » 1 9 2 0 s . 

BCEZ^i^O^e 2^ 

B(E2;22-0*)e?fnI* 

5(E2;22-2i)e2fm'' 

1 9 00s 1 9 20s 

Experinent [calculated] Experiment [calculated} 

4760 ± 120b^ [5142] 

460 ± 24 b ) [ 587] 

2600 + 150 b ) [2782] 

4080 ± 120 c 1 [4390] 

402 t 20 C' [ 417] 

3600 • 300 c 5 [291S] 

QC2t) efn 2 

Q(22) efn2 

-80 • 30 d ) [-125] 

•90 ± 40d^ [+127] 

-70 ± 30 d ) [ -97] 

•80 • 30 d* [ +99] 

al ' Calculated using (a, 6) 

b) 

= (16.1,1.5), see text eq.(9), 

c) 
Ref. 21. 

Ref.. IS. 

« Ref. 22. 
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Table 5. Gyrorcagnetic ratio values ir. i 9'0s calculated using Irvine3' 
levels for a range of shape parameter , 6, values 
taking \L = 0.625 and K = 0.C50. 

6 -0.3 -0.2 -0.1 0 0.1 0.2 0.3 

I* >g(2i) 0.167 0.116 -0.027 b ' 0.283 0.295 0.507 
g . s . 

a) 

b) 

Ref. 27. 

The g-factor value for a spherical (5=0) nucleus depends upon 
the partially filled shell (presuned neutrons); for the (d,..)" 2 

configuration g(2i) = -0.765, and for the ( d 5 / 2 ) ~ 2 configuration 
g(2t) = 0.528. 
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Figure captions. 

Figure 1: Relevant portion of the spectrum of de-excitation 

Y rays detected at 65 to the bean direction in 

coincidence with backscattered projectiles following 

Coulomb excitation of the coriposite i 9 2 0 s - I 9 8 P t taTge 

by 22C-MeV 58>,'i ions. Transitions are labelled by 

J. •* J- and isotope. Small, but discernible on this 

serti-log plot, are attenuated Doppler-shift shoulders 

on the high-energy sides of transitions from 

relatively short-lived states which decay as the Os 

and Pt ions slow before coning to rest in the Pb 

target backing. Chance coincidences have been 

subtracted. 
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