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assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
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~ ABSTRACT

g-factor and half-life of the 2Lh3.keV 2- state in 86Y have been

measured. The values obtained_are g = -O.53i0.05 and t

= . i . .
1/2 ‘ 28.5+2,1 nsec

The g-factor favors the configuration [(pl/g)ﬂ(d5/2)v]2_ .
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INTRODUCTiON o
" The decay préperties of'86Zr héve been reported in fecent studies.l’2
In the,mosthrécent investigation,e a relatively complete decay scheme ﬁas
proposed which, in addition to assigning energies,.spiﬁs, and parities
for the 86Y levels populated, also postﬁlated probable hgcleon configura-
tions for the levels. The‘decay scheme is given iﬂ Fig. 1. One difficulty
was encountered with 2- level at 243 keV, which is the lowest excited:86Y
level populated by 86Zf decéy. In this dgcay sequence log ft wvalues,
conversion coefficients, and transition rates all a;gue sﬁrongly er'
stréight-forward single-parficle transitions. Thése considerations Qould
,éupport a (ﬂpl/2 vd5/2)2_ configuration.for the 243-keV level, but according
to the shell mod;l, the closes? available d5/2 orbifal should lie consider-.
ably higher. than 2h3 keV. Other configufétibns are poésible,-but(in such
cases, one would not expect such:good agreement with single-particle- |
- transition theory as was observed. For these reasons, no nucleoﬁ configura-
tion was assigned to that level.

It was hoped that the determination of the g-factor of the 2-level

would greatly clarify the configuration of this level. The known2 half-life
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- of the 2h3 keV level (Tl/2’='29 nsec) and the anisotropy of about -8% for
" the 28-243 keV cascade makes a spin precession experiment3 in a large

external magnetic field feasible.

’

EXPERIMENTALY'
A magnetic field of about 41 kG'Wés used. Tﬁe deﬁectors were
11/2" x 1" and 1 1/2"x 2" NaI(TL) crystals for the 28 keV and the 243 keV "
‘ v—rays'respeqtiVely,‘mohnted with 30 cm ldng quartz light pipes onto

XP1020 photomultipliers.. The two detectors were placed at an angle of,

0
the magnetic field pointing upward (Ct) and downward (C¢) with respect to

6. = 225°, reading clockwise from Y1 to Yo Time spectra were taken with

the detector plane. The exponential decay was normalized out by forming.

ou’5'

the usuwal rati

 Ri = 2(c, ¢~ ciT)/(ci¢ + cit)

for each channel number i. Since the 28 keV transition is of pure El

charécterg and K > 2 terms vanish for pure L=1 tranéitions, the ratio Ri

A}

can be written in the form
R, =a cos 2(ai§i S ¢)+ e s

vhere ai =g °* &g-- H is the Larmor precession frequency. The amplitude a

4
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is connected~wi£h the angular cdrrelation coefficients by the relation

}’

'The phase ¢ defermines the sign of thevg-factor. A least-squares fit of
ﬁhe function Ri to the data:yields the product g '_ﬁ and its sign. Détails
of this type of data treatment have been described,eariief;u’5

"~ Samples were'pfbducea by bombarding pressed arsenic targets with
160 MéV 16O ions. - Tﬁe 7?As(l60,5n)86Zr reaction - yielded 86Zr in
:hiéh isotopic purity. The Zr fractién was separated from the bombarded
targets by standard radiochemical techniques.2’6 The final 86Zr samples
vere in 1 M HCL solutioﬁ, in polyethylene containers of about 100 A volume.
It vwould have been.preferable to take advantage éf a diamagnetic cubic
metallic lattice.by aispersing the source in, for example, copper;'however,
the high absorption of the’already weak 238 keV transition in such media
rendered this apprcach inapplicable.

The low energy of the 28 keV transition presented other problems.
Yttrium—86, the daughter of 86Zr, is itself unstable and has a complex decay
scheme,7 with many higher energy <y rays. Consequently, as the daughter grev
in, the number of events iﬁ the 28 keV wiﬁdow became predominantly coﬁptoﬁ
'events‘of the 86Y decay. It was observed, in fact, that as samples .aged,

the apparant amplitude of the perturbation diminished. Accordingly; atteméts

vere made to periodically remove daughter activities from the sample. These

difficulties, which arise primarily from the low energy of the 23 keV |
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transition, could be circumvented by performing in-beam experiments, in

which .advantage is taken of the fact that following nuclear reactions induced

by charged'paftiéle bombardment, product nucléi afe strongly aligned in a
plane perpendiCular.to the beam axis, vhich ﬁay be used as é'reference
axis. The fesulting angular_distribution_can 3e rotated in a magnetic
field applied perpendiculaf to the beam-detector plané. Using a pulsed
.vbeam, this rotatiopvéan-be obéerved as a function of time, Fufther, recoil
energles are sufficiént to implant the product nuclei info‘a perturbation
free metallic host. Experiments of this nature, which should give greatly

- improved results, are being contempléted.

RESULTS .
L N | 86 e s
The results of five separate experiments upon Zr samples in 1 M HCl
solution are summarizedvianable I. A notable feature of these results is
the variation in the percentage of the oscillation amplitude. We interpret
~this as the effect of daughter growth in the sample, which suggests that
6 ) B .
there is a level in 8 Sr. whose lifetime falls within our experimental range.

As seen in Table I, we obtain a weighted average for the g-factor of the

243 keV 2- level of 86Y

g = -0.5% + 0.03.

The half-life of the 2h3 keV level was also reméasured. Excluding run
_4, the average value of 28,5 %+ 2,1 nsec agrees well with the previouély

reported figure of 29 t 3 nsec.2

P
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The question arises whether or not a paramagnetic correction,

B = Heff/HO’haS to ‘be applied in this case. Yttrium forms only one stable

oxidation state: Y(iII),'which corresponds to the krypton core and as such

is diamagnetic. If the rearrangement of the electronic shell after EC—decéy'

: 86, o, . x : : :
of the Zr(IV), which is the only stable oxidation state for zirconium,
goes faster than leS sec, no paramagnetic correction is necessary. .In é
stfongly jonic solution this is believed to be the case and we assume that =

within the present limits of error, no correction need to be applied to the

g-factor. We note, however, that there is no proof for this assumption and

the electron capture might actually lead to a mixture-bf oxidation states

“existing during the lifetime of the 243 keV level. The only way to clarify

this question with confidence is to remeasurevthé g~factor with 86Y in a

L5

DISCUSSION

The main purpoée of this work was to obtain information concerning

I | 86 '
the nuclear configuration of the-2h3 keV 2- level in Y. The low lying
" intrinsic states of odd-odd nuclei are usually derived by coupling neutron

" (v) and rotbn 77) states. In many cases, these same states may be found
. D - ’

- . : 2 L
in neighboring odd-A nuclei. Hyde, et al., have suggested four possible

_configurations for the 243 keV level which could yield thé proper spin

" and parity
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T Uey)y(T/20), 1, |

H [(f5/2)ﬂ(7/2+>v]2- | R N . ~

e~

11 [(£5/0)n(8g9/2), 1.
v [(Pi/e)ﬂ(d5/2)v]2; "

If we assume that ﬁhe v configuratioﬁs gré the éame as those_of the
'grbund-states of the neighﬁofihg even Z-odd ﬁ nuclei exhiﬁiting the pféper
spin and parity, and the 7 configurafions are the same as for the neighbor-
ing even N-odd Z nuclei of appropriate spin and parity, we may interpolate |
from the experimental g-factdfs compiled by Lindgrens and calculate g-factors for the
respective configurations. These valués are shown in Table II. While the
dats available is somewhat sparse for some of thé statgs, the calculated
g factors should be reasonable predictions. The calculated value for
configuration IV is -0.55, which is in quite good agreement wiﬁh owr
experimental value. None of the 6thér configurations‘can be-said to agree
“with the observed result.

It is interesting to note that IIT is the configuration favored by
in Ref. 2 on the basis of single-éarticle‘transition rates. réur resuits
clearly support this configuration, and indicate that the d5/2 neutron
~level lies somevwhat lower1in=energyﬁinithé,région Just below the 50 neﬁtron

~ level than would be bredicted by the simple shell model calculations.
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Table I.  Summary of experimental results.

Run No. - A At ocal tl/2 : w * Ao la] (%)*na H(kg) g*tAg
' (nsec/ch) S :
{nsec)

1 5.hhx10;2ih.35klo_u’ 2.32  20.040.2  2.33x10 1+1.36x10"° 2.83£1.09 41.0 ° -0.512£0.032
2 '3.93><1o’2;t1.26><10"3 1.65 29.1:0.8 1.73x10-;i6.76x10-? 6.21+1.24 41.0  -0.5340.021
3 1.86><10'2t1.33x10'3 0.784 29.2t2.0 - 8.22x10'2t1.39x10"2 1.91+1.14 M0 -0.53%34+0.082
L 2,01><10'2i6.h0><10,'lL 1.11  38.2t1.2 1.19<1o'¥t1.32xlo"? 1.50:0.92 L41.5  -0.540t0.060..
5 2.9x10 46,5010 1.1 26.hx1.2 1.17%10" 5. 3kx10™ L.55¢0.93 41.5 _-0.551#0.02k
weighted averaée: t = 28.5%2.1 - o ‘. ‘ g = -0.529¢o.o?9

1/2
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Table II.

2. level in

Estimated g-factors for various possible conflguratlon of the 243- keV

T state ga : : ? state ga Configuration g
81 8 81\ | | . S
p5/2( Rb, °Rb, [7Br, Br) +1.40 7/2+(79se)' ‘-0.31 I [(pB/Q)ﬂ(7/2+)v]2_ _1716
£ ‘(85Rb ‘85Rb) 40.50 " K 11 (£ ) (T/2+). ] 0 3u
5/2 7 ' . o ' : . '5/2 ™ yie- T
" " 85 83 87 | | . '
g9/2( Kr, ~“Kr, sr) _0.22 1T [(fs/g)ﬂ(g9/2)v]2_ -0.32
89, 9 | | 95, 97. 99 L |
py/o( Y5 ) . _0.06 (7o, ¥o, Te) -oﬁ5o v [(pl/g) (a5/p),1p.  -0-55

. 5/2

%Estimated from experimental values given in ref. 8 for isotopes

within parantheses,

9¢9LT-TddN
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. Figure Captions

- Fig. 1. Decay scheme of = Zr, the 8+ and 5- levels from the work of Kim,

9

/

et al.
Fig. 2. Measurement of the time pattern of the angular'correlatibn précessing

'in an external field of 41.0 kG, using & 1 M HC1 liquid source.
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E.C.
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Fig, 1
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28-243 keV cascade,8Y

XBLE7T-3497

Fig, 2
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A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa- *
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor- .
mation, apparatus, method, or process disclosed in . =
this report.
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mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.







