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4 . 86 
g-factor and half-life of the 2 3-keV 2- state in Y have been 

measured. The values obtained are g = -O.53±O.03 and t l / 2 = 28.5±2.1 nsec. 

The g-factor favors the configuration [(Pl/2)n(d5/ 2 )v]2- • 

, . 
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INTRODUCTION 

The decay properties of 86zr have been reported in recent studies. 1 ,2 

In the most recent investigation,2 a relatively complete decay scheme was 

proposed which, in addition to assigning energies, spins, and parities 

86 . 
for the Y levels populated, also postulated probable nucleon configura-

tions for the levels. The decay scheme is given in Fig. 1. One difficulty 

was encountered with 2- level at 243 keV, which is the lowest excited 86y 

level populated by 86Zr decay. In this decay sequence log ft values, 

conversion coefficients,and transition rates all argue strongly for 

straight-forViard single-particle transitions. These considerations ,wuld 

support a (nP1/ 2 Vd
5
/ 2 ) 2- configuration for the 243-keV level, but according 

to the shell model, the closest available. d5/ 2 orbital should lie consider

ably higher than 243 keV. Other configurations are possible" but in such 

cases, one would not expect such good agreement with single-particle 

transition theory as 1-laS observed. For these reasons,' no nucleon configura-

, • .l tlon 1-laS assigned to that level. 

It was hoped that the determination of the g-factor of the 2-leve1 

1-10uld greatly clarify the configuration of this level. 2 
The knmm half-life 
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of the 243 keVlevel (Tl / 2 ':: 29 nsec~and the anisotropy of about -8% for 

the 28-243 keY cascade makes a spin precession experiment3 in a l~ge 

external magnetic field feasible. 

EXPERIMF.NTAL 

A magnetic field of about 41 kG was used. The detectors were 

1 1/2" Xl" and 1 1/2" x 2" NaI (TL) crystals for the 28 keY and the 243 keY 

"I-rays respectively, ,mounted with 30 cm long quartz light pipes onto 

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

eo:: 225 0

, reading clockvlise from "11 to "12 ' Time spectra were taken vii th 

the magnetic field pointing upward (Ct) and dowO'Hard (C~) with respect to 

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

the usual ratio4,5 

== 2(C.~- C.t)/(Ci~ + Cit) 
~ ~ , 

for each channel number 1. Since the 28 keY transition is of pure El 
, 2 

character and K > 2 terms vanish for pure L==l transitions, the ratio R. 
~ 

can be written in the form 

, 

",here ar, := g . ~ n . H is the Larmor precession frequency. The amplitude a 

c· 
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is connected· with the angular correlation coefficients by the relation 

The phase 1; determines the sign of the g-factor. A least-squares fit of 

.the function R. to the data yields the product g . H and its sign. 
1 

Details 
. . 4 

of this type of data treatment have been described earlier; ,5 

Samples were produced by bombarding pressed arsenic targets with 

160 MeV 160 ions. The 75As(160,5n)86Zr reaction yielded 86Zr in 

high isotopic pur ity. The Zr fraction vias separated from the bombarded 

targets by standard radiochemical techniques. 2 ,6 The final 86zr samples 

'\-,ere in 1 M HCl solution, in polyethylene containers of about 100 f... volurne. 

It ylould have been preferable to take advantage of a dia!llagneti~ cubic 

metallic lattice by dispersing the source in, for example, copper; hmlever, 

the high absorption of the already weak 28 keV transition in such media 

rendered this apprcach inapplicable. 

The 10Yi 

yttrium-86, the 

energy of the 28 keV transition presented other problems. 

86 
dau.ghter of Zr, is itself unstable and has a complex decay 

schp.me,7 ylith many higher energy 'Y rays. Consequently, as the daughter grey! 

in, the nll.'Tlber of events in the 28 keV '-lindow became predominantly compton 

86 
events of the Y decay. It 'VIas observed, in fact, that as samples aged, 

the apparant a~npli tude of the perturbation diminished. Accordingly, attempts 

'Vlere made to periodically remove daughter activities from the sample. These 

difficulties, which arise primarily from the low energy of the 28 keV 
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transition, could be circumvented by performing in-beam experiments, in 

which advantage is taken of the fact that follOidng nuclear reactions induced 

by charged particle bombardment, product nuclei are strongly aligned in a 

plane perpendicular to the beam axis, '~hich may be used as a reference 

axis. The resulting angular distribution can be rotated in a magnetic 

field applied perpendicular to the beam-detector plane. Using a pulsed 

beam, this rotatio,n can be observed as a function of time . Further, recoil 

energies are sufficient to implant the product nuclei into a perturbation 

free metallic host. Experiments of this nature, which should give greatly 

improved results, are being contemplated. 

RESULTS 

86 
The results of five separate experiments upon Zr samples in 1 M HCl 

soluti.on are surTlruarized in Table I. A notable feature of these results is 

the variation in the percentage of the oscil~tion amplitude. We interpret 

this as the effect of daughter growth in the sample, ",hich suggests that 

86 
there is a level in S~ ",hose lifetime falls ,,'ithin our experimental range. 

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

243 keY 2- level of 86y 

g = -0.53 ± 0.03· 

The half-life of the 243 keY level was also remeasured. Excluding run 

4, the average value of 28.5 ± 2.1 nse0 agrees ',lell with the previously 

reported figure of 29 ± 3 nsec.
2 
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The question arises whether or not a paramagnetic correction, 

.... -.) t3 = 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 

·'1s diamagnetic. If the rearrangement of the electronic shell after Be-decay 
86 . . 

of the Zr(IV), which is the only stable oxidatlon state for zirconium, 

-8 
goes faster than 10.. sec, no paramagnetic correction is necessary. . In a 

strongly ionic 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 of oxidation states 

existing during the lifetime of the 214j keV level. The only "laY to clarify 

this question "lith confidence is to remeasure the g-factor ,d th 86y in a 

diamagnetic metallic host.
4,5 

DISCUSSION 

The main purpose of this work was to obtain information concerning 

the nuclear configurat:i.on of the 243 l<:.eV 2- level in 86y . The low ly:i.ng 

intrinsic states of odd-odd nuclei are usually derived by coupling neutron 

(v) and prot~n (71) states. In many cases, these same stl.1tes may' be found 

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

. configurations for the 21.~3 key level which could yield the proper spin 

and parity 
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I [(P3/2 )7T( 7/2+) )2-

". 

II [(f5/ 2 )7T( 7/2+ \]2- ',' /',. 

( . 

[(f5/ 2 )7T(g9/2 )v]2-
L. 

III 

IV [(Pl/2)7T(d5/ 2 ))2- • 

If '"e assume that the v configurations are the same as those of the 

ground states of the neighboring even Z-odd N nuclei exhibiting the proper 

spin and parity, and the 7T configurations are the same as for the neighbor-' 

ing even N-odd Z nuclei of appropriate spin and parity, '\-le may interpolate 

fro~r1 the experiniental g-factors compiled by Lindgren 
8 

and calculate g-factors for the 

respective configurations. These values are shmm in Table II. \~hile the 

data available is somewhat sparse for some of the states, the calculated 

g factors should be reasonable predictions. The calculated value for 

configuration IV is -0.55, which is in quite good agreement with our 

experimental value. None of the other configurations can be said to agree 

. ,\-lith the observed result. 

It is interesting to note that III is the configuration favored by 

in Ref. 2 on the basis of single-particle transition rates. OlIT results 

clearly support this configuration, and indicate that the d
5
/ 2 neutron 

level lies somevlhat lm'letinenergy::;in:~.theregion just below the 50 neutron 

level than would be predicted by the simple shell model calculations. 
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Run No. 

1 

2 

3 

4 

5 

Table I. SQ~ary of experimental results. 

"A. ± 6"A. t cal t l / 2 
(nsec/ ch) .( nsec) 

(J) ± 6 (J) lal (%)±6a 

-2 '-4 
5)~4x10 ±4.35><10 . 2.32 '29.4±0.2 

-1 -2 
2.33x10 ±1.36xlO 2.8J±1.09 

-2 -3 
3 .93x10 ± 1. 26x10 1.65 29.l±0.8 1. 73X10-

1
±6. 76x10-3 6.2l±i.24 

-2 -3 
1.86x10 ±1.33x10 0.784 29·2±2.0 

-2 -2 
8.e2xlO ±1.39X10 1.' 9l± 1. 14 

-2 -4 
2.0lX10 ± 6 . 4OX10 1.11 38.2±1.2 

. -1 -2 
1.l9X10 ±1.32x10 1. 59±0. 92 

-2 -4 
2.92X10 ± 6. 59X10 1.11 26.4±1.2 1.17X10-l ±5.34x10-3 4. 55±0. 93 

weighted average: t 1/ 2 ~ 28.5±2.l 

" 

... ~ 

H(kg) g±6g 

41.0 -0·5l2±0.032 

41.0 -0. 534±0.021 

41.0 -0.534±0~082 

41.5 -0. 540± 0.060 .. 

41.5 -0.531±0.024 

g = -0·529±0.029 

'-

.. ~) 

I 
co 
I 

c::: 
g 
t'i 
I 

I-' 
-.J 
0\ 

\.>J 
0\ 
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Table II. 

7f state 

. 81 87 79 81 
P3/2( Rb, Rb, Br, Br) 

83 85 
f5/2( Rb, Rb) 

" 

89 9ly Pl/2( Y, . ) 

~ 

.~ -.... ...... -i 

Estimated g-factors for various possible configuration of the 243-keV 
2- level in 86y . 

a 
g 

+1.40 

+0·50 

" 

-0.06 

v state 

7/2+( 79Se ) 

" 

83 83 . 87 
g9/2( Kr, Kr, Sr) 

. d' . (95Mo 97Mo 99Tc ) 
5/2 .' , . 

a 
g 

-0·31 

" 

-0.22 

. -0·50 

I 

II 

III 

IV 

Configuration 

[(P3/2)7f( 7/2+) )2-

[( f 5/ 2)7f( 7/2+ \]2-

[(f5/ 2 )7f(g9/2 )v]2-

[(Pl/2)7f(d5/ 2 )v]2-

aEstimated f~om experimental values given in ref. 8 for isotopes within parantheses. 

g 

-1.16 

-0.34 

-0.82 

-0·55 

I 
\0 
I 

~ 
~ 
I 

~. 

&' 
0'\ 
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Figure Captions 

86 8 . Fig. 1. Decay scheme of' Zr} the + and 5- levels f'rom the 'wrk of' Kim} 

et al. 9 

Fig. 2. r~easurement of' 'the, time pattern of' the angular correlation precessing 

in an external field of' 41.0 kG} using aIM RCI liquid source. 

f' 

.' 

t 
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86Zr 
.."....----"..--- 0 + 

8 8 3 -----r-~ 

109 

271 1+ Pl/2 P3/2 

243 
29 nsec 2-
48 min 8+ -3 

218 E3 P1I2 (99/2) 712+ 
208 5-

Pl/2 9912 

MI E2 

0 4- P I/2 99/2 
86 y 

MUB·7880A 

Fig. 1 

• 



-0.1 

-0.2 

R 

-0.3 

-12- UCRL-17636 

28 - 243 keV cascade, 86y 

-0.40~--~--~----~--~--~~~~--~--~--~ 
10 20 30 40 50 60 70 80 

t (nsec) 

Fig. 2 
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