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Abstract: The gyromagnetic ratios of the 23 and 4] states in 1%20s
were measured relative to that of its 2; level. The thin-foil,
perturbed y-ray angular distribution technique was employed
utilizing the enhanced transient hyperfine magnatic field
present at the nuclei of these ions as they swif&ly recoiled
through a thirn, nagretized Co foil. The states of interest were
Coulomb excited using a bezm of 220-MeV °®Ni ions. The present
measurements yielded ratios g(2;)/g(2;) = 0.68 ¢+ 0.08 and
g(df)/g(ZI) = 1.00 + 0.i2. The sizable disparity in the
measured g-factors of the lcvels of the two low-lying bands is
corpared with interacting boson approximation model-based
calculations, as well s with a Nilsson basis single-paiticle

rode]l description.
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[ NUCLEAR REACTIONS 1920s(58Ni,58Ni'y) 1920s(2},23,4]), E = 220 Mov; ]
stralia measurcd y(8.H,T) in polarized Lo, particle-y coin, Cculomb z
excitation. 1220s levels deduced g. Enriched target, thin foil
technique.

NUCLEAR STRUCTURE 190'19205; calculated g. Interacting boscn

approximatien, broken O(6) symmetry; Nilsson basis single-particie

tralia

model.




In recent papers,l’s) both our experimental measurements
and interacting boson approximation (IBA) (Ref.4-6)
aodel-based calculations of the absélute and relative B(E2)
transition rates between levels in 196,198pt and the gyromagnetic
ratios of the 2;, 2;, and 4; levels in these nuclides were
reported. In these, it was demonstrated that in the rear-0(6)
(Ref.7) limiting IbA symmetry, with the inclusion of a relatively
szall symmetry-breaking Q-Q force and using the same parameters

1

of the interactions that had been shown™” to account well for both
the reasured B(E2) rates and Q(2)) values of the cven 194-198py
isotopes, the gyromagnetic ratios of these levels were predicted to
depart froa ccnstancy to a small extent. Although the

Y experimental g-factors obtained for these levels in 196,198p¢

(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 as 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 theorctical
model descripticn and remain of long-standing interest, we have
undertaken, as foreshadowed earlier,z’s) 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-
breaking departure frem the pure O(6)-limit IBA is expectcds)

to pertain than for the Pt nuclides. To this end, we present
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2.
here our experimental determinations of the gyromagnetic ratios
of the 2}, 23, and 4 excited states in 1920s and comparc these
results with IBA-based theeretical predictions, as well as with
corrcsponding alternative calculaticns in the projected

Hartrce-Fock formalism using deferned single-particle orbitals.

2. Experimental procedure.

The states of interest in 1220s were Coulomb excited by
220-MeV 38Ni ions from the Australian National University 14 UD
Pellctron tandem accelerator. Two HP Ge detectors placed 5 cm
from the target at +65° to the incident beam direction registered
the de-excitation y-ray transitions in coincidence with beax
projectiles backscattered from the target in the angular range
146°-166° and detected in a comzor arnular surface-barrier
detcctor. The coincidence restriction resuited in events
recorded for 1920s ions that recoiled in a forward core of mean
half-angle ~7° with a mean initial velocity v/c = 0.039. The
target (specifically designed for an experimental studyg) of
the relative transient hyperfine ficld strengths acting on Js
and Pt ions recoiling through thin, magnetized Co foils)
consisted of a lead-backed 4.2 um Co foil on the up-stircam
side of which was an electroplated laver of 1320s [(538 = 65)
ug cm 2 enriched to 99.06%] on which a (361 2 25) ug-ca 2 thick
layer of !%€pt (enriched to 95.83%) was electrodeposited. The
thicknesses of the Os and Pt layers and of the Co foil wer
determined by Rutherford scattering of 3-Mcv proicn from the
University of Melbcurne 5U Pellotron accelerator and from the
yields of detected characteristic X-ray induced by the same

procon beam; these results were ir accord with the observed Coulerd

excitation yields of the -320s and *%%pt de-cxcitation y-rays.




The thin foil, layered target technique employed in the
present transient fieid precession measurements has been
described in detail elsewhere<’19:10a polarizing field of 850 Oe
was applied to the target; its direction norm2l to the beam 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 measurcd with the same detcctors and geometrical arrangement
used in the precession studies. Any local, angularly-dependent
v-ray absorption variations due to non-uniformities in
the target chanber walls, etc., were deternined and corrected
for by measuremént, as a function of angle, of the detected
rates of y rays from a 152Eu source placed at the beam spot

location behird the target.

For a given y-ray angular distribution W(€}, 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,
48, of that distribution when located at that angle 6_ to the
beas such that $2N is a maximua. [Sbis the logarithmic

derivative of %(92).] For the target-to-detector distance of




the HP Ge dctectors employed in the present investigations, eY
o .y .

was close to 65 for all E2 transitions studied;

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

anglcs 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 mode on magnetic tape {y-ray,
particle, and time-analog converted pulse-heights, together with a
field-up/field-down tag bit). The coincidence spectrum associated
with each y-ray detector and each field direction was chbtained
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 experimental features.

The measured unperturbed y-ray angular distributions fur
all transitions observed were in accord with those
calculated for the same detectors and detector placements
using the Winther-de Boerlz) Coulomb excitation ccde with
feeding from higher states directly populated in the reacticn taken

into account.

For the case, as. is the situation in the present study,

vhere the mean lives of all relevant states are leng cempared




with the transit time cf ions through the polariicd ferromagnetic

foil, only when an excited state is directly populated in the rcaction
will it undergo a precession in the transicnt hyperfine ficld; that
precession will be reflected in a given finite rotation of the

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

but of the angular distributions of all subsequent cascade

transitions involved in the specific de-excitation decay pathway to the ground
state. Thus, éhe neasured 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
ar.gular 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 inyolyed in the various decay pathways leading to indirect

population of the spccific lower state under consideration.

Therefore, the ratio, p, of the normalized counting rate of a
-] specific J » J' transition for polarizing field up (N*) to that with
field down (N+) registered in a given y-ray detector set at eY

. . 13
to the bear direction can be expressed ) as:




retic

» recaction
., that

.C

.evel,

way to the ground
~ansition

: be both

ay a resultant
ssions

pulated

-factors

indirect

R T
N¢ l+gJR¢ ’
where

T
¢ = (As/gJ)= -(uN/ﬁ)IoBTth, T is the transit tizme of the ions
through the ferrosagnetic foil, Ex the nuclear magneton, &3 the
precessioral shift of the angslar distribution of the J + J°'
vy ray de-exciting the staic of intercst, STF reprascnts tre

velocity-dcpendent transient field, and

aw(9) g aw(e)P |
JJ° 1| - 1J
15 + E l[g—}nx‘,u[bp(l,l-l)] -G-.-_i._-——-‘
5. I,p=J 1 |e
R = Y LA
<wfed(3y)>{l + Z nIJn[bp(I,l-l)]}
I,p 71

g; is the g-factor of the state of interest, g that
of any given higher directly pcpulated state I
that decays to the state J by cascade pathway p, npy is the

ratio of direct populaticn of state I to t!-~t of state J,

bp(I,I-l) is the transition branching ratio of each state I leadirg
to the next lower state I-1 in any given decay pathway p lcading to
state J, W(Q)JJ, is the unperturbed angular distributicn of the
J + J' transition when the state J is directly populated irn the
reaction, W(B)gJ is the unperturbed angnlar distribution of the
J + J' transition which results when the level J is populated
only by fceding from the decay of the directly populated level I
via a specific pathway p, and <chd(97)> is the weighted average
angular distribution, evaluated at S, of the J + J' transiticrn
which results by virtuc of direct population of state J and all
cascade pathway feedings to it frecm all higher states directly

populated. <dfed(oY)> is given by

(2)




”(°)JJ"eY + xgp{nlJH(ﬂng ?[bp(l,l-l)]}leY

<erd(6y)> = > (3)

1+ § {ngnlbPcr,1-1) §}
Lp I

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

excitatica enmcrgy that decay via the various pathways, p, to the state J

of interest.
[For the special case in which the g-factors of all levels

directly populated have the common value g, R reduces to

<'wfed(ey) > dé ] 0

1 [dqfed(o))‘ ‘
e
Y

= s! , (4)
Y )

i.e., the logarithmic derivative of'<lf!d(§)> evaluated at eY.

Under these circumstances, eq. (1) becomes

. 1-g.5¢
b=y * Ty (s)
hEd ’8JS¢

12,

The value of S|, for each transition may be calculated 19 gor

Y
the given experimental geometry, or obtainzd dircctly from the
measured angular distribution in that geometry of the J » J’'

transition.]

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 egs.(1)-(3) nust be employed. Such was the case in the
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present investigation, and analysis proceeded as follows: the
precessional data of the 2; > 0; and 4; - 2: transitions wer

first considercd scparately, as the 4: level does not fecd the

23 state and these levels were the two highest states for which direct
population was sufficiently strong for statisticaily significant
precessional data to be obtained in the present work. As states
higher in excitation energy than these were dircctly populaied only
relatively weakly, it was found in the analysis of both thkese

states that all suxmmped terms in eq;.(Z) and (3) were.

negiigible compared to the leading terms of these expressions evea under
the extreme assumption that the g-factors of all such higher populzted
levels were more than twice those of the 2; and 4; states. (Thus, in

these cases, egs.(4) and (5) also yield these s2ae results.)

The situation was different, howeyer, for the 2; level;

both the 2; and 4; states feed the first excited state and were
directly populated with strengths comparable to that cf the direct
population of the 2; state. Indeed, indirect feeding from the

2; and 4; states to the 2; level accounted for ~20% and ~48%, rescectively,
of the total vopulation of the first excited state. Thus, the
analysis of the'precessional data for the 2] + 0; transition
necessitated utilizaticn of the previously analy:zed results for
the 2; and 4; levels, the details of the well established level
schene, the measured relative direct populations of ali ievels,
and W(S)JJ, and h'(e)‘l’J (and their derivatives) calculazed 2,14)
for the detectors and detector-target geozciry emplnyed, and
cvaluated at BY

Aside froz the terms in e3s.(2) and (3)

I3 L) - L]
which relate to the directly popuiated 2; and 4; states, all




other terms were negligibly small conpared to the lcading temms

in these cxpressions (again, even under the tenuous assumption

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

2; level). [A small correction (0.7 mrad) to the extracted transieat
. + . . .
fielé precession of the 2Z; state was made for the precession of this

long-lived level (v = 418 psec) >

in the applied polarizing magnetic
field whilst the Os ions resided in the Pb target backing prior to
decay. This correction was quite small compared to the measured

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

All states higher in excitation than thac of the 4; leyel
were populated too weakly in this study to allow statistically
meaningful g-factors to be extiracted from the recorded data.

As the mean livesls)

of all states populated in 1220s were
.long compared to the transit time ( ~0.5 psec) of the Os icns through
tne polarized Co foil employed, corrections for decays in flight
while inr Co were negligible. The transit time was calculated

from the known kinematics and the measured target and Co foil

16)

thicknesses using the stopping powers of Ziegler

It should be noted that as the calculated and measured
unperturbed angular distributions of the 2; - 0; transition were
in excellent accord, the Pb target backing proved an effcctive
perturbation-free environrent for the 2; statec over the
extended period of its lo;g lifetine, save for the small precession

of this level in the applied polarizing field.




10.

4. Experircntal resulss.

(8]

The relevant portion cf the cecincidence y-ray specirun

.} s e - . . . .
recorded at 65 to the incident beas directior is preseontzsd in

hr

fig. 1. [The prcsence in this spectrum of tramsiticns in
is due to the nature of thc target composition (used in our
aacillary studyg)]; the Pt transiticns do ncot obscure a2ny of
the relevant transitions in '%20s.] The particuiars of the
experimental precession peasurecents, their 2a2iv:ed resulsis,
and the g-factors cxtrccted froz the analysis prescrted
. - + * * in 192 3 i
in Sec. 3 for the 2;, 23, and 4; levels in Os, are given in
L d . .
table 1. In these reszlts, the g-facior of the 2, ievel ia ‘-“0s
+.192 z -5
was taken as known [g(2;;1%20s) = €.355 + 0.010] £from the
. . 17 e s
weighted average of all previousiy reported ) deterzinations of
- - » +*
it, and the gyromagnetic rztics of the 2; aund 4; staies were

g~
-322941

dcternmined 1clative to it. Thus, that value of g{2;; }
served in the aralysis to specify the tize-integraied tramsient
field also acting on these tw> higher states (irndependernt of
the dcgree of polarizaticn of the fcrromagnetic foii),

. [ - . - . . .
since the 1°20s ions in 211 throe excited states traversea the saae

polarized Co foil with the saze velocity and experienced tre saze

integrated transient ficld curing the sa2me ion tramsit time T. throu

:zh

cc L)
the foil. This procedure br which the g-factors of 211 leovels

arc inferred relative o hat of a ¥mown stale renders it
uarecessary to rely upon any fora of ion velocity- and Z-derendent

- ' . - lmmml - . - o
transient field paramezerization - 2 reliance which has beer shown™’

to be questionrbic in seme cazos.
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The present results for the g-factors in 1920s and those
empirically detevmined by prior authors (where available) for
the corresponding levels in the even 126-13005 isotopes are

presented in table 2.

It is clear from the extracted g-factors of the threce
levels in 1920s that the gyromagnetic ratios of the 2] and 4)

s . . . L
states arc the same, while, in contradistinction, that of the 2,

level differs from them substantially, [Although the single

17) of g(2;) reported (see table 1) might have

prior measurement
suggasted a possible disparity between the g-factors of the 2;

and 2; states, its relatively large experimental uncertainty

could equally well have led to the conclusion that the gyromagnetic
ratios of thesc levels are consistent with being the same. On the
other hand, the precision of the present measurements yields a

Tatio g(2;)/g(2;) that differs substantially from unity by

approxinately four standard deviations.]

S. Theoretical calculations.

5.1 C,romagnetic 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
correspornding levels in the even Os isotopes as a function of mass,
it is of interest to calculate thcoretically the g-factors of
states in the even Os nuclei - particularly for the (2;, 2;, and 41)

triplet of states in 199,1%20g,
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Despite the abundance of data, principally in the form of
R(E2) transition rates, which suppcrts interpretation of the Cs
. .. .. sy 18) .
isotopes as rigid triaxial rotors or y-scft vitrators, the
disparities experimentally observed for the g-factors in these
nuclides cannot readily be accounted for ir terms of shape (8,¥)
variations as they are independent ¢f g,v, and level-spin J to

19)

lowest order.

. 2,3 s
In previous papers,”’ ) we presented a parameterization of

s . . . . 4-7)
g-factor variations in the semi-phencmenoicgical IBA model. i

To recapitulate, the gyromagnetic ratios are given by g(l) = uLlL, where

L
YL(L+1) (2L+1)

My <Ll it | > (6)
and T(M1) is the magnetic dipole operator. In the IBA, T is
parameterizedz) to second order as

1
1 + 2 a1 + 1 < 2
T(M1) « g/10 (d"d)u s lEWn@en + Ca@s'al 0

vhere '"g" is the level-indcpendent gyrozagnetic ratio and Sc is

the level-dependent correction (variation). Calculation of boson
structure factors together with an experimental measurement of an Ml
transition rate enable g, to be obtained and, hence, the level

dependence of g(L) to be evaluated.

The Pt-0Os region has been shown to be an interesting and

. 1,8 .
aprropriate one for boson models ™’ ) both as 2 deiziled test of




symnetry-breaking on B(E2) selection rules and as an exhibilion

of a phase transition from y-soft vibrator [0(6) limit] to
rotor (SU(3)]. The variaticns of g-factors will now be discussed

in terms of this model.

5.2  IBA-based g-factor calculations:

The sp ~tra of 120,12205 were calculated by fitting the

paraneters (A,B,C,D) of the boson Hamiltonian1’7)
H, = AP6 + B('Z5 +CQQ+DL'L (8)

to the low-lying energy levels in a least-squares procedure. The
four paraneters were free to vary and the solution found is similar
to that of Casten 33_31.8) [i.e., 0(6) + some SU(3) symmetry

breaking (gjg + Ef!g]; these results are presented in table 3.

The E2 matrix elements can be evaluated by writing the E2

6)

operator to lowest order ‘ as
2 2 .
T(E2) = ol(s')2 » ()23 + 6ld'ad ; (9
and with (a,8) = (16.1, 1.5), the calculated quadrupcie dynamic and

static moments are compared with experimental values in table 4

. . . + .
for the first two excited 2° states in 120,192pg,

The overall level sﬁectra fits (table 3) are satisfactory

and the £2 predictions (table 4) are seen to be in good agreement




nd

(8)

(9

with experiment. In particular, (i) the cross over/step ove

'Y

y-ray decay ratio of the 2; level [B(EZ;Z;»G;)/B(EZ-

7

- - 3 h -DQ
well reproduced, and (ii) the quadrupole moments of the 2, and Z;

levels arec predicted to be approximately equal i1 magnitudz and

opposite in sign in each nuclide in accord with experizenz.

In the strict 0(6) lixzif with § << a (i.e. B=0), the
B(EZ;ZE*OI) vanishes as well as do the quadrupole nmcnents.
Therefore, the degree of symmetry breaking required to fit the
energy level spectra is seen also to be consistent with that
necded to reproduce the E2 decays and quadrupole moments from

and of, respectively, the 2" levels in 19¢,192gg,

The predicted g-factor corrections, . may be obtained
for the levels of interest in these two nuclides using the
calculated wave functions and the measured multipolarity mixing

. » ,‘4 . . . IQC et [ ) 3y
ratios for the 2; + 2, transition decays in '°“0s (}%/=4.6:C.6)

2
(ref.22) and 1920s (]6[=8.522.5) (ref.15) as prescribed.’’>)

We fird that g = 0.014 and 0.020, respectively, for 12395 and

19205.

Usingz)

1
1 2L-1)(2L+3) 1° + 2 s 2,
g(L) = g = zc(Tﬁ)[ é{{??%éiféig'] <al]](d’s) +(s’¢) [lal> ,

we fird [3(23)-g(27)| o be 0.024 (39%0s) and 0.028 (220s) with

g(4;)=g(2?) in both nuclides. Although the corrcsporndin

e
o

(10
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s . . N + + .
cifferences in the gyromagnetic ratios for the 2; and 2; states in

-

195,135p¢ were not inconsistent with our experimental determinations2’S)

»

the differences predicted here for 1%0,192G5 are at variance with the

present reasurements (table 2).

In assessing the disparity betwéen these IBA-based predictcd
g-factor variations and the experimental values,it should be
noted that for a giver multipolarity mixing ratio, §, inan L + L
transition in a particular nuclide, the difference (4g) betwecn the

calculated g(2;) and g(ZI) values scales essentially as

<aLll[(s*dfi(de)]zl|°L’ (11)

Ag = 2 <
<2} L(sTay+a’s)23] | 25>

and, hence, is determined by the relative magnitudes of the structure
matrix elerments. For nuclei at the 0(6) limit, the numerator in
eq.{11) vanishes and the denominator is large, leading to g-factor
constancy (2g+0). However, for broken symmetry, if the system

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

factor becomes more favourable and willi be large in the SU(3)

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

the 2; level as the K=2 member of the y-band [(»,r) = (2N-4,2)]
representation and the 2; state as the ground-band (2N,0)

20)

ropresentation in the N-boson SU(3) 1imit.”"‘ In this symmetry

+ + et = e . .
Q(22)/Q721) = -(4N-3)/(4N+3) = -1 (N=8 for 1%2¢s), in agreement
with experiment; the numerator of eq.(11) - scaling as the in-band
quadrupole matrix element - is large, whereas its denominator

{sczling as the cross-over band matrix eicment) is relatively small,

leadiry to a departure of Ag from zero.)}

(4]
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nall,

(11)

We stress that the interaction Hamiltonian [eq. (3)]does not

provide a particularly sensitive test of the calculated-experimental
g-factor comparisons, in that the x? minimum of the least-squares
fits to thec energy level spectra are quitce fiat. For cxample, a
feasible alternative sct of parameters {at least insofar as the energy level
spectra are concerned) is [A,B,C,D = -0.321, -0.618, 0.00492, 0.20312];
this set is much closer to the SU(3) limit than is tae paraneter

fit set of table 3 and yields |g(27)-g(23)] = 0.067 (}220s) and
0.037 (1900s), still smaller than, but in better agreement with,

the experimental value 4g = 0.115 # 0.023 for 1920s. Nevertheless,
this more SU(3)-prone parareter set, whilc still reasonably well
reproducing the static quadrupole moments in thesc nuclides,

yields much smaller values for the calculated B(EZ;ZE*ZI) rates

in both 19%0s (461 e2fn") and 1920s (157 e2fm") which arc in

strong disagreement with cxperiment.

In light of the foregoing and referring back to eq.{10) as
a guide, it is not possible to sirultancously explain bota the
B(E2) data and experinmental g-factor variatior in terms of this
IBA-based model. While conventional uisdcml's) holds that the
0s-Pt region is well described by a perturbed 0(6) boson model,
we conclude that the measured g-factor variation cannot be
encompassed in terms of the bosen perturbation expansion, eq.(8).
As magnetic transitions and static moments are much more

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

instructive to now consider a simple single-particle model.

5.3 Single-particle model calculations

23)

In the work of Gotz et al. » potential energy surfaces
were givern for the transition region and it was suggested that
the Os isotopes (1920s in particular) could be consicered as
nuclei with competing prolate and oblate axially syrmetric
shapes (y=0,60°,respectively); an idea which has beenr useful in
treating quadrupcle and dipole moment systematics in (sd)-shell

nuclei.24)

To test the sensitivity of the g(Z;) to such shape variations,
the M1 dipole matrix element is calculated in the projected
-Hartree-Fock (PHF).formalism using a single determinant of deformed

single-particle orbitalszs)

_ o Ley tod 1.
jutd> = Pl v <oy IPpyive

1 LL 1
<aL}]T(M1)}Jel> = = ¥ s;%. M, .
3 Iz 32

35,0,

where S-U. = <allj(a,’ @3, )1||0L> is the reduced single particle
132 127 h

. . ,' - . . » .
density matrix and hj j, 18 the sirgle particle reduced matrix
2°1

(12)

elenent. In the evaluation of M, we set g:=1,31=0 and quench the spin

g-factors (g;=5.586;g:= -3.826) by 0.6 (which is usual in this

5ass rcgionzs)).

e

~
o

a’




tions,

crmed

(12)

F’cle

¢ spin

18.

The determinant [¢K> was coastructed using the Nilsson

27
levels of Irvirne )
A, -
h’;x> = I b;i-> R 3
a=1

where |-> is the 2°2ph core and the 5: are the one-hole creaticn
operators. The single-particle basis is the N=4 shell + Ohn/2
for protons and the N=5 shell + 0i13/2 shell for neutrons. This
Nilsson basis is consisteat with the level scheme of Got: et 31.23)
near 18"W. Ground-state bands are assumed to be the rair-wise
filled time-reversal symmwetric state with K=0, and excited states
appear from shape mixing (oblate-prolate) or particle-hoie
excitation, Althouzh we cannet obtain collective shape

asymmetry (v#0) with axially symmetric single-particic ievels, yet
the sensitivity of g(L) to single-particle excitations can be
tested. The results of such a test are shown for 1°220s in

table 5 where it can be Leen :hg: (i) the PHF determinznt can reasonably
well reproduce the mezsured absolute g(ZI) for prolate shzpes that
are consistent with Q(ZI),with g being relatively insensitive 0
the shape paramcter, §, for § > 0.1, and (ii) small oblzte

shapes have a small (perhaps negative) g-factor incensistert

with any of the gyromzygretic ratios measured for the 2;, Zz,

rs
and 4. states.

For a proiate shape of § = 0.2, the lcwest 2p-Zh K=0 excifaticn
+
has a g(2 ) value of +0.144, while the lowest X#0 Ip-ih excitation
has g(Z’) = 0.812 (proton excitation} and g(2+) = -0.519 {neutzron

excitation).
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It appears clear that, due to the lack of quenching in the
non-time-reversal symmetric states, the g-factors cazlculated 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. Czlculations of g(ZI) for the lighter eyen Os
isotopes for 0:1 < 8 < 0.3 range from 0.2 to 0.3, again in

rough agreepent 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(Z*) variations in the Os
isotopes using a nore detailed microscopic model would be useful.
As an interim step, the semi-phenomenological Bose-Fermi models,zs)

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

able to reproduce large g-factor variationms.
6. Conclusions.

The extersive budy of empirical information, coméfised of
the present reasurenents of the gvromagnetic ratios of the 2;, 2;
and 4: states in 1°20s, available prior g-factors measured for
corresponding levels in 12205, relevant B(E2) rates, and the rmeasured
guadrupole mozents of the 2; and 2; states in both nuclides, has
been compared with predictions calculated on symmetry-broken 0(6)

IBA bases and on d2formed single-particle model considerations.

e

Tm

h

U




in

~easured
red.

(6)

Although these mcdels have been shown capable of accommodating

some measure of g-factor variztions for the levels of interest,
neither one appears able to predict simultaneously both the
experimentally observed gyromagnetic ratios and B{E2) tronsition
rates adequatcly well. These findings suggest that some dogree
of both collective and particic-orbital effects are regquired to
encorpass the dynamic and static moment data now avzilable for

these transitional nuclei.
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Table 1. Prosent experimental particulars and vosults for !920s recolling through a 4.2 um thick magnetized Co foll.

vew - - ——— - h Sommm— -

Mein "Tlixperimental g factors

Level dite v TN Bl Es  (v)] (Wvy «v/v" c(es°;" s(2s%°¢ R(mrad)¢ A6 ] .
W50 8y (vev) (MoV) (*10%) (mead)  Present Work® Prior Work8
2 a1y s2 136 28 5.3 2.4 3.7 42.6(14)  -1.62(5) -1.57(8) -26.4(12)° 1 0.365(10)
2; 46 S22 136 28 s.3 2.4 3.7 44.4(42) -2.,46(7) -2,46(7) -18.0(18) 0.250(20) 0,28 (10)
4: 20 822 136 28 5.3 2.4 3.7 26,1(28) -0.99(3) -0.99(3) «26,4(29) 0.365(45)
' Transit tine of recoiling Os ions through Co fuil, cnergivs of the ions incident upon, ﬁi. and cmevgent from, Eo'
the Co foil, velocitios uf thesue lons vesative to that of the Bohr veloclty, Vo " ¢/137, entering, (V/vo)i’ and leaving,
(v/vu)c. the Co foil, and the avorage volocity of thoe ions, <v/v°>. in the foil ware obtajned using the known turget and Co foil
thicknosses, the Anown reaction kinematics, and the stopping powors of ref. 14,
h The experimental vatio ¢ = (Y-p)/(lvp) multiplivd by 107, whoro p » {[Nf(o)N&(-)J/[Nl(o)N'(-)])|1 measuved with two detectors
positioncd at (2) the snecifled angle, and Nt(N+) are normalized counting rates recorded for pelarizing field up(down),
Y the values of § Llogarithmic dorivative of W(0)] for the transitions at the designated angle were calculated and measured for
the present experincental peomotry (see text).
d

Seo detinition of R, ¢q.(2), toxt.
Coveccted Lor small precession of 1920a 27 stuto (v = 418 pacc) (n oxturnal polarising (ield.

The ¢ wetors obtained in rhe preseat work ave relative to the woighted averape of previous detcevminations ot the gyramgretic
vatio of the 2} level in 12705 (presented iy the last column),

wWeighted avevages of priov vatue s repatred (n the liternture for the ataros of intevost (summary of pravious measured yvalues

rre peesented in ReF. 17),

wy  iee
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Table 2. Suzmary of experimentally determined gyromagnetic

ratios reported for the designated levels in the eyen

185-122p5 nuclides,

L S . .
(J ;isotope) gyvromagnetic ratijo

. inental
Level Experimental oty /002D g(4D)/g(2h)

21;1880s 0.282 + 0.007%
27;1880s 0.294 + 0.008%  1.54 + .26
2;;1880s ° 0.453 s 0.074%
27;1%%s 0.297 = 0.009% =1.5
41;19%s =0.45%
+.:102 a b b
23,3205 0.365 + 0.010 0.63 + 0.08° 1.00 + 0.12
25313205 0.250 + 0.026°
41;1%20s 0.365 + 0.045°

a

veighted average of prior determinations presented in Ref. 17.

R +
Present results; measured relative to g(21;19205).

Takle
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Table 3. Least-squares fit boson Hamiltorian paranefers ard

calculated and experinmental level speoctre of 127,1920g,

]9005 19205
Parametersa)
A 123 147
B 157 167
™ -0.76 -0.55
D i1 12
J" Energy levels (keV) Energy levels (keV)
_ Experiment [calculated] Experiment [caiculated]
2] 187 [162] 206 [150]
2; 558 [589] 439 [28¢]
4] 548 [505] 58C [538]
31 756 [837] €¢2 [777]
4, 955 [996] 910 5093
6] 1050(10163 1089{1063]
03 912 [808)] (6773
23 1115[11443 (10497
43 1163[1326] [1222]
a) . .
Parameter values are in keV.
b)

It should be noted that the values of the parazeter C found
by Casten et al. (ref. 8) are approximately 8 tizes larger

than obtained in the present fits due tc differerces in the

definition used for the quadrupole operator.
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Tahle 4. Comparison of present calculated B(EZ).transition ratesa)

and static quadrupole mcments with experimental values
+ + .
from and of the 2] and 2, states in 320,192p¢,

19005

19205

Experiment [calculated] Experiment [calculated]

B(EZ;21+0])e?fa" 4760 2

+

i+

B(E2;23+0})e2fn" 460

B(E2;25+2))e2fn" 2600 =

+

Qi2]) efm? -80

+

Q(27) efm? ' +90

120% [5142]
24%) [ s87]

1502 [2782]

309 [-125]

409 41273

+

4080 + 1205 [4390]

402 + 209 [ @173

+

+

3600 + 300°1 [2915]

=70 + 309 [ -973

1+

+80 + 309 [ +99]

"+

a) Calculated using {a,B8)
) Res. 2:.
) Ref.. 1s.

4 Ref. 22.

= (16.1,1.5),

sce text eq.(9).

Tah

be

o

|
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1590]

1173

£)15]

.97

‘+99]

e e
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Table 5. Gyromagnetic ratio values ir 3%20s calculated using Irvine®
levels for a range of shape parapeter , §, valuecs
taking u = 0.625 and K = 0.059.

8 -0.3 0.2 -0.1 © 0.1 0.2 0.3
|¢g s >g(2}) 0.167  0.116 -0.027 D/  0.285 0.205 0.307
2 pef. 27.

b) The g-factor value for a spherical (5=0) nucleus depends upon

the partially filled shell (presumed neutrons); for the (d3/2)-2
configuration g(ZI) = -0.765, and for the (dS/Z)-z configuration
g(2]) = 0.528.

..y
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Figure capticas.

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

Yy rays detected at 65° to the bean direction in
coincidence with backscattered projectiles following
Coulomb excitation of the composite 1920s-1%8pt target
py 22G-MevV 58Xi ions. Transitions are labelled by

JZ > J; and isotope. Small, but discernible on this
semi-loz 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 coming to rest in the Pb

target backing. Chance coincidences have been

subiracted.

|
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