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ABSTRACT

¢

A 48 £ 1 minute.isomeric level in Y86 has been produced by irradiatioﬁs
of rubidium (natural and enriched in Rb85)Awithvalpha particles and of stron-
tium (hatural and enriched. in Sr86) with deuterons. Two:transitions with
energies'10;15 + O&i»keﬁ'and 208.0 ¥ 0.% kev are observed .in the decay of

Y86m. From the L sub-shell ratios, the multipolarity of the 10 kev transition

.is determined to be E3. The K-conversion,coefficient.of the 208 kev.transition

i . ..: o o
is ey 0.04 = 0.01T :



-1- , UCRL-9812

I. INTRODUCTION

‘In the course of an investigation of neutron-deficient yttrium isotopes;

20

Concurrently with the

- present work, other investigators have studied these isomers}l’2’5’h‘ Since

we:have detected isomeric states in Y86 and in Y

several groups have already reported,their"results on Y9Om) we will note here
only that our results are in agreement with the reported data, and that we have
measured.ﬁhe‘energy of the isomeric transition.in Y9Om to be 202.4 * 0.3 kev,

by use of a.permanent—magnet‘l8oo spectrograph.

II. EXPERIMENTAL PROCEDURES
: ‘ 85)

Y86m was: produced by irradiation of RbCl (natural or enriched in'Rb

with helium ions and Sr(NO (natural or enriched in Sr86) with deuterons, in

32
. the Crocker 60-inch cyclotron.

In most éf the experiments, the preparation of pure, carrier-free
yttrium sourcesvconsisted of the following: the target was dissolved. in con-
centrated.NHuOH and. passed through a-filter paper, to which the yttrium
-activity but.not the strbntium, adsorbed. After thoreugh washing of the,filter.
paper by dilute NH)OH, the yttrium was. removed with 8 N HCL.

The photons of Y86m were studied with a 7.62 x 7.62 cm NaI(T1) scin-
tillation_cryétal coupled to a 100-channel Penco analyzer, and the conversion .

electrons were éxamined with a 100-gauss 180° spectrograph and with a 25-cm

double-focusing spectrometer.
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III.. RESULTS
Follow1ng the purlflcatlon of yttrlum from &. target of natural RbC1
which had been 1rrad1ated w1th Y7-Mev hellum 1ons, a 210 kev -gamms, . ray was
observed in the sc1nt111at10n spectrum, Wlth a decay perlod of L8 + ;vmlnutes.
At the same time,. gamma rays known to occur -in the decay of the Y86 ground
state5’6 were observed to grow 1nto the spectrum and then to decay with the
charecterlstlc lh.6nhour-half-llfe of Y86. Slmllar results were obtalned
from targets enriched. in Rb85 and alsc-frdm bombdrdmentsrof enriched Sr86
irradiated with 15-Mev. deuterons. Irradrition of enriched Sr86 targets with
5-Mev deuterons failed to producevthe activity. From this information, the
-L8-minute act1v1ty can be a551gned definitely as Y86
Figure .1 shows a typlcal decay curve of the' 210 kev peak.in.the
- scintillation spectrum, and Fig. 2 shows a growth curve of the 1-Mev photon
group .of Y86 (ground state).

‘Additional information about .the "210-kev" transition, obtained from

measurements in a 100-gauss 180° spectrograph, is summarized. in Table I.

‘8ém

»Table-I.-~Internal Conversion Data of Y

Electron Energy Shell Blndlng Energy Tran51t10n Energy Intensity Ratios

(kev) (Y) o (kev)
7.98 | Lig 2.17 | 10.,15 4 III/ =1.5%0.5
8.06 Ly 2.10° 10.16 '
190.9 ' K S17.1 208.0 K/Ly /MI=lOO/8.5/l.7
205.6 L 2.39 208.0".

207.5 VMI 0.k 20749
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Fig..2. Growth and decay of the 1.08-Mev photon group of

" 1k4.6-hour Y86 from a sample containing Y 6 and Y86m.
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A more precise value of the;energy, 208.0 * 0.3 'kev, was determined, and it
was also verified from the energy differehceé betweeh,tpé X, L;Iand M:lines
that this transition is indeed converted in yttrium, not strontium.

The absolute K-conversion coefficient of théf208ﬂ0.kev transitioﬁ was
measurgd in a 25-cm double;fOCusing spéctrometer, by use of the ihtéfnal—exter-

7

nal conversion method due to Hultberg and Stockendal. The experimentél-value

€x= 0.0k * 0.01 corresponds to & mixed M1-E2 transition (éﬁo%'EE).8’9

Although the 208.0 kev transition was thefonly one that . could be
86m '

.assignea,fo Y on the basis of the photbn or initial electron spectra, it:
ﬁéslébvious‘that the obSerVed.h8-minute.halfslifefis much - too long té be compat-
ible with an E2 or M1-E2 transition. - Therefore a search was made fdf a low-
-energy transition, with use of a 50-gauss pre-accelerator spectrograph,lo employ-
-ing.in‘this case an accelerating voltage of 9.82 kv. Two electron lines, which
decayed with a half-life ofvabout.SO'minutés, were .observed with an energy‘sepa-
fatibﬁ of 0.08 * 0.0l'kév=(see Tablé I). Thiszspacihg;is in good agreement with
théﬁchaféctefistic LII-LIII enérgy difference of yttrium;‘0.075 kev',ll and indi-
‘cates an isomeric transition éf enérgy,lO.IS‘i 0.1 kev.

If the assumption is made that‘the 10015-kev‘tfansition is responsible
for the MS-minute~half-life, it'foliows that the transition must be of multipole
order E3 or M5;12 These tWo-alternatives are réadily distinguishable by an
examination of the L-subshell conversion pattern. A straiéht-line eitrapolation
. 9

to 10 kev on log-log paper of Rose's théoretical L.-shell conversion ccefficients

indicates.fdr M3 radiation the subshell pattern, LI/L = 2&/2.6/100 and

11/Pr11
for E3 radiation the.ratios.Li/LII/LIII= 0.9/49/100. The experimental observa-

tion of only LIL and L conversion, with the ratio LIII/LII=-1.5 * 0.5, . 1s

TLT

compatible only with an E? assignment.
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A trans1t10n of 98 5 % 0.2 kev was also notedAwhlch, on the ba51s
of its K-L electron energy sepefat;on, aépears to‘be converted.ln.strontlum
rather than yttrium. The eieetron lines decay with,a,half-life of roughly
50>mihutes. Although these data mlght appear to be. indicative of a dlrect
electron-capture branch of Ygé?, we could not observe a 98-kev photon 1n
the scintillation spectrum, and also:no.other'trahsitions.characteristlc of
the_Sr86 levels atpeared in the;spectrum.uhtil the. daughter (14.6-hour Y86)
began‘to grow into the sample. NK‘X;ray-gamma coincidence experiments also

failed to indicate any radiations in .coincidence with;K X-rays; The present

evidenceion .this transition.is. inconclusive.

| IV. DISCUSSION

-The 48-minute isomeric state ovK86vdecays by a 10.15 kev E3 transi-
tion followed by a 208,01kev E2 transition. uIt‘is interesting. to speculate
briefly'ontthe possible nature .of the ievels,in Y86 from:which.these trensi-

. -tions arise.

_ Y86, with 59 protons and h?vneutrons,.has a ground-state configuration
(pl/2 P (g9/2 N -3 ana hence, according to Nordheim's "strong" rule, spin and
parity 4-. This assignment is consistent also w1th the recent results of

86
Yamazaki, Tkegami, and Sakai6 on the decay of 14.6-hour Y .

The excited states of'dxu;odd(ﬁd.nudkms are gxpected to arise as

combinations of the neutron states. found in 585ri$ and proton states in

> 87
39746 °F 39718

These are shown. in Table IT.

1
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Table II. Expected configgrationé of Y86'
Proton state Neutfon state Resultant spins ' ﬁesultantuparity
(") (&) S
Py/2 Eq /o b5 L
P1/2 | | T/2+ 3,4 | -
pl/g Pl/2 O;l - +
€9/2 : - 89/ 0,1,2..0.9 .+
é9/2 B 7/2+ ) 1,2;3....8 b +
%9/2- Pl/é ’ | ' 4,5

Preliminary results_of a study.of the decay of qurigtbeing carried
~ on at this laboratory indicate that the 4B8-minute fébmerié stéfe of Y86:is
Vnot populated in 2f86 decay. Tﬁis fact suggestg-thatnthe sfin:of the isomer
is higher than the ground state spin A—. Of those states shown.in Table. II,
a most 1likely choice for_Y86m is the-8+ state ariging,from (g9/2)P (7/2+)N'

Thus, the levels of the isomer might be as shown.in. Fig. 3.
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86m o
(gg/Z)P (99/2)[3 8+ : IE3 (48mln) 218.2
. - :
(P1/72)p(9gr2)yN 5+ —me—oY. f - 2080
| mi-E2
.(PI/Z)P(gg/z)N 4- ‘ Y — O Kev

N ’__‘39Y86‘ (146 hr)

MU =-24506

Fig. 3. Suggested level. scheme of Y8§m.
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