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_ Durlng an 1nvest1gat10n of neutron-deficient rhenium 1sotopesl produced
‘by’MB-Mev alpha partlcles on tantalum,a very promlnent 366-kev gamma transition
was observed whlch decayed with an approximately 20-hour half life, Slnce a
l?-hour act1v1ty had been observed when bombarding with alpha energies above
MO Mev in a stacked tantalum foil ex01tatlon functlon2 and since no isotope

181 had been prev1ously reported, 3 we ass1gned the activity to the electron-

capture decay of a new isotope, Rel8l° The 366-kev gamma, assoc1ated with thls

decay is then a trans1tlon in W 81
To verlfy thls assignment two experlments ‘were done The first consist-
ed of two stacked-foil excitation functions performed by bombardlng a stack of
C}OOl inch tantalum (99 98% pure) with a very low 1nten51ty beam of alpha parti-
cles in the Berkeley 60-inch cyclotron
~In the first experlment the foils were counted dlrectly 1n a sodlum

1od1de counter Wlth a SO-channel dlfferentlal pulse-helght analyzer The in-
tens1ty of the 366 -kev gamma in each foil was then plotted against the energy
of the alpha partlcle incident on each foil to give a rough excitation functlon
The threshold energy'was approx1mately 33 Mev, and the curve was stlll rlslng
at the full energy of the cyclotron, ~48 Mev, This threshold and the shape of
fthe curve clearly must correspond to a Ta181 (a,Ln) Rel81 reaction. The ex-
c1tat10n functlon is illustrated in Fig, 1. ’ ' |

' The second stacked foil bombardment was used to determlne the half llfe
of the isotope, Much greater activities were produced, and carrier-free chem;cal
separation to obtain pure rhenium was perf‘ormed)‘L on the first foil: The decay
of the 366-kev transition was followed in a double ~focusing beta-ray"spectrometer
at 0,3% resolution‘and on the previously mentioned 50—channel gamma, analyzer,
The results obtained by the two methods were in good agreement, The half.life
determlned was 20 * 2 hours In this experlment we determlned a K/L /M ratio
of5;@ﬂ/~0 2 for the 366-kev gamma, The L, and LIII lines were not observed

The second experlment was conducted several weeks after the second
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bombardment, Tungsten carrier was added to the previously -separated pure

rhenium activity. WOS.was precipitated and the precipitate was gamma-analyzed;
' 181 -

A single peak was observed at the energy of tantalum K x-rays. Since W the

only radioactive tungsten 1sotope in this reglon, has been observed to decay

almost entirely to the ground state of Tal8l, > and since the long-lived

rhenium isotopes exhibit complex gamma spectral we feel that this experiment
further establishes the activity first observed as Re18 . The half-life of the

K x-ray peak is in agreement with the 120-day half-life reported for Wl8l but

I

we have not followed it for a long enough period to verify this value,

Dr. D, Strominger performed coincidence studies on the_Rel { using fast-
slow coincidence pulse-analysis apparatus, He observed no coincidences between the
366-kev gamma and K x-rays, and from this result it was concluded that the hslf-
life,ef the state giving rise to this gamma is greater than lO-7 ec, 6
Recent studies of short-lived isomers produced by betatron exc1tat10n

7,8

of natural tungsten have revealed a 366-kev gamma transition with a half-life

-6

of lh,h x 10 ~ sec, The tran51t10n was reported- to have a K-conversion. coef-

181

ficient of 0,30 + ,03, These workers assigned the transition to W o Our work
confirms this assignment, since the isomer is formed in decay of Re181. Bureau
and Hammer8 (hereafter called BH) suggest that .the multipolarity of the 366;kev
transition, as determined by their absolute conversion coefficient, agrees with
either a 28% E1 - 72% M2 or 65% M2 — 35% E3 mixture, From our failure to observe
the LII and LIII conversion electrons we can rule out the M2 - E3'assignment.

9

Their mixing ratio was calculated using Rose's” theoretical conversion coefficients,
which are now. generally considered to be too high because of the neglect of a
_finite nuclear size correction, Using Sliv's‘lO K-shell internal-conversion
coefficients, we recalculate the mixture to be 14% E1 = 86% M2, Furthermore, the
experimental limits of error given by BH do not eliminate a pure M2 assignment,
The value of 5,7 we obtained for the K/LI is in excellent agreement with the
theoretical K/LI ratio for a pure M2 transition, This is not a sensitive test
for mixing, however, since the strong M2 conversion would mask small El con-
tributions, :

‘ BH also advance an explanation of the isomeric W18l state in terms of
nucleon states in a spheroidal well as calculated byNilsson.ll They suggest

“that the transition observed'corresponds to a transition between two Nilsson odd-

neutron states, 7/2- > 9/2+, the predominant M2 character resulting from a
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high degree of .cancellation of El transition matrix elements for the Nilsson
states in question. Although retardation from single-particle f‘ormula,rates12
occurs generally for low-energy El transitions, the retardation (grantlng El

" admixture of 1% here) of sbout 1070 would be exceptionally large for E1

transitions not. K- forbldden, retardations of th - lO5 belng the general rule, 13
These llfetlme.cons1deratlons strengthen_ourvalternatlue assignment of pure M2
character to the isomeric;transition, yThe M2 transition is retarded by about a
factor of 700. | -

: Con51deratlon of the Nllsson dlagram for neutron states also shows a
nearby 5/2— state which would -give rise to a pure ‘M2 trans1t10n to the 9/2+
ground state in W181, and we favor this state asslgnment for the isomer,

Another test of the assignment of the 1somer1c state can perhaps be
obtalned from the Re 181, studies if the log ft value for electron capture to the
366-kev state can be ascertained. This test is a consequence of the asymptotic-
:quantum-number beta—selectlon rules proposed by Alaga. o If we postulate that
the 5/2+ odd—proton ground state,proposed for Re183 l 185, Ad Re187 15
is also the ground state of Rel8;, then decay to the 7/2- state proposed by BH
should theoretically exhibit a larger log ft value then decay to the 5/2— state,

- 7/2 beta transition

since for electron:.capture to these states the 5/2+
is flrst forbldden,hlndered whlle the 5/2+

bldden, unhlndered We have observed some additional weaker gamma, tran31t10ns

> 5/2 tran51t10n is first-for-

which may be assoc1ated with the decay of Re181, but because of the complex1ty
of .the gamma spectra of the Rel82 isomers with not too different half-lives, the
1sotope ass1gnment of the weaker trans1t10ns in our samples is still qulte
uncertaln ,
’ - We would like to acknowledge interesting and helpful discussions With

Dr, S. G.. Nilsson ‘We are grateful to Dr Slgvard Thulln for help 1n some of |
these experlments and to Dr Donald Strominger for help in c01nc1dence measure-
ments, ' 7 . '

This work was carried out under the‘auspicesvof thev-'L‘I° S,lAtomlchnergy

Commission.
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. 18
Excitation function (in arbitrary units of o) for the Ta 1

(ct,in) Rel8l reaction, Emax indicates the maximum alpha

particle energy produced by the cyclotron.,  The function

was determined from the relative intensity of the 366-kev

gamma in a series of ,00l=inch foils,



