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Spin and Parity of the 4.841-MeV Level of ~osPbf

H. Del Vecchio, S. Freedman, G. T. Garvey, and M. Oothoudt
Joseph. Henry Labomtomes, I'mnceton University, Princeton, Negro Jersey 08540

(Received 11 February 1975)

A level at 4.841 MeV in Pb previously claimed to be 1+ is shown to be 1 by its large
yield in inelastic &-particle scattering from &Ospb

A recent Letter' claimed that a state in "'Pb
at 4.843 MeV with a ground-state decay width of
5.1+ 0.8 eV has spin-parity J"= 1+. This particu-
lar assignment is difficult to square with any the-
oretical'" treatments of M1 transitions in "'Pb,
insofar as none of the existing calculations can
account for this large M 1 strength [B(M1)= (3.8
+ 0.6)(eh/2 mc)') at such low excitation energy.
The reasons for this difficulty are simple. The
principal conf igurations contributing to M 1 excita-
tions built on the "'Pb ground state are (i»»-
j,z, ')' neutron particle holes and (h,12h»&, ')'
proton particle holes. As these particle-hole ex-
citations are nearly degenerate in energy, the
residual interaction mixes them rather complete-
ly. One resulting eigenstate takes on the charac-
ter of an isovector excitation and has a sizableI1 rate [B(M1)-16(eh/2m~ c)'] while the other

is predominantly isoscalar and has a correspond-
ingly much slower decay rate [B(M1)-0.4(eh/
2m~c)']. The isovector strength has likely been
observed, ' in previous work, at very nearly the
theoretically predicted energy. ' It would there-
fore be surprising to find a low-lying state with
a relatively large M 1 transition probability. How-
ever, it should be pointed out that attempts to lo-
cate the "isoscalar" 1' strength have been un-
successful. '

A very recent theoretical paper' (motivated by
the result of Ref. 1) including 2-particle, 2-hole
configurations in the basis set describing the 1+

states is not able to obtain any sizable component
of M 1 strength as low as 4.84 MeV in ' 'Pb.

As there seems to be no doubt that the spin of
this level"' is 1, the only question remaining is
to fix its parity. The parity was fixed in Hef. 1
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FIG. 1. The partial energy spectrum of 84.7-MeV incident n particles inelastically scattered from ~8pb at gp
The expected positions, of known unnatural parity-levels are indicated by arrows.
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by measuring the linear polarization of the de-
caying radiation using two Ge detectors operated
in coincidence as a polarimeter. The result ob-
tained was consistent with positive parity being
four standard deviations from the value expected
if the parity of the 4.843-MeV level were nega-
tive.

In light of the difficulties precipitated by this
result, we attempted to check the parity assign-
ment by investigating inelastic a scattering from
"'Pb. One recalls in first order the excitation
of unnatural parity [(-1)~+'] states is forbidden"
in inelastic e scattering. If a level is weakly ex-
cited, one may not infer that its spin parity is
unnatural, but strong excitation of a level is de-
cisive evidence for its natural parity.

Figure 1 shows the energy spectrum in the re-
gion of interest for 34.6-MeV n particles inelas-
tically scattered at 30' to the beam. The spec-
trum obtained, using-the new Princeton Univer-
sity QDDD magnetic spectrometer, has a reso-
lution (full width at half-maximum) of 17 keV.
Yield to a level at 4.841+ 0.005 MeV is clearly
evident in this spectrum. Note the absence of
yield to known'"" unnatural-parity states at
3.475 (4 ), 3.919 (4 ), 4.230 (2 ), 4.357 (4 ),
4.480 (6 ), and 5.036 (2 ) levels. There is a 1
level at 5.291 MeV which also has a radiative
width of approximately 5.0 eV. The ratio of the
integrated yield of inelastically scattered n par-
ticles to this level to the spin-1 level at 4.841
MeV is 0.9+ 0.1 over the range of angles (20-50 )
we have investigated. A recent" careful study of
inelastic proton scattering on "'Pb with 6-8-keV
resolution indicated no state within 22 keV of the

4.841-MeV state and hence we believe that we
are measuring yield to the same level referred
to by Swann.

We must therefore conclude that the parity of
the spin-1 level at 4.841 MeV is negative; this
assignment presents no difficulty for current nu-
clear theories.

One of the authors (G.T.G.) would like to ac-
knowledge useful discussions with Professor
B. H. Wildenthal.
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