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For small y_,, I(7) is a rapidly varying function
of x(T); for y, near 1, I(T) varies very slowly.
For x(T) monotonically increasing, I(T) is also
monotonic in 7, cutting each renormalization-
group trajectory exactly once. Similar behavior
holds for general #.

If x(T)-1 as T—, the temperature trajector-
ies all pass through the infinite Gaussian point at
x=1, y=0. This requires that »(7)—~ for T— <o,
For realistic Hamiltonians, 7(T) has a finite lim-
it at infinite temperature,!' and the formal cross-
over properties of the renormalization-group
equations are not completely realized. Moreover,
even before the limiting values of x and y are
approached (whether these limits are at the in-
finite Gaussian point or not) the correlation length
and other thermodynamic functions will be dom -
inated by their high-temperature behavior, rath-
er than by the limiting behavior of an expression
such as Eq. (23).
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From measurements of resonance-fluorescence cross section, angular distribution,
and polarization, the 4843-keV level of 2®Pb has been shown to have a 1* character and
a width of 5.1+ 0.8 eV with all of the decays to the ground state. As the probable lower
member of the giant M1 excitation, this state is at a significantly lower energy and has
a decay strength which is an order of magnitude larger than the predictions of simple

shell-model calculations.

Recently I reported on a number of states in nu-
clei in the lead region which were observed using
the resonance-fluorescence technique.! Among
these was a spin-1 state in *®Pb at 4843 keV with
a width of 5 eV. The level was also observed by
Earle ef al.? through the (d, py) reaction. They
also gave a spin-1 assignment but were unable to
determine the parity. Using a two-slab Ge(Li)
polarimeter,® I have now measured the linear

polarization of the resonantly scattered radiation
from this state, and the results show that the
parity must be positive. The corresponding
ground-state M1 radiative strength is 2.3 Weiss-
kopf units, a surprisingly strong M1 transition
for this low an energy.

The resonance-fluorescence technique has been
adequately described in the literature.*® The
4843-keV level of *¥®Pb was excited by brems-
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FIG. 1. Spectrum obtained for a bremsstahlung end-
point energy of 4.95 MeV, a scattering angle of 98°,
and with the plane of the Ge(Li) slabs perpendicular to
the scattering plane. Energies are given in keV. The
unlabeled peaks are lines from %Pb and 2"Pb (see
Ref. 1),

strahlung produced by passing analyzed electrons
from the Bartol accelerator through a thin gold
foil. For the spin determination measurements
were made for scattering angles of 98 and 127°
which are close to the minimum and the zero of
the Legendre polynomial of order 2. A spin-2
state would result in a counting-rate ratio, Nygo/
Nygq0, Of 2,05, whereas a spin-1 level would give
a ratio of 0.74. The experimental result of 0.63
+0.14 is clearly consistent only with a spin-1
assignment, being 10 standard deviations away
from the spin-2 possibility. The width of the
state was calculated from the scattering cross
section assuming a 100% ground-state decay.
Such an assumption is entirely reasonable; the
partial widths for possible decays to the 2* or
the 3~ states would be very small compared to
the width for decay to the ground state. Of course
the intensity of the exciting radiation must also
be known, and this was determined by extrapolat-
ing the “standards” curve obtained previously.*

The width I obtain is 5.1+0.8 eV, where the er-
ror reflects principally the uncertainty in the in-
tensity of the exciting radiation. This error has
been increased over that given previously.'

The technique for measuring the linear polar-
ization using a slab-type Ge(Li) detector has
been described by Litherland, Ewan, and Lam.®
In the present case there are two rectangular
slabs measuring 5.8 x3.8x0.8 cm® which are
treated electronically as separate detectors.
Measurements were made with the slabs in the
plane and perpendicular to the plane of the scat-
tered radiation. Figure 1 presents the spectrum
of the data obtained using a normal Pb scatterer
with the plane of the slabs perpendicular to the
scattering plane. In the spectrum one also ob-
serves the two-escape peak resulting from pair
production. One does not expect any significant
polarization effect® for these photons, and indeed
within the errors no effect was observed. From
the measurements one obtains (Ny- N,)/(N,+N ),
where N,and N, are the respective counting
rates for the two orientations. The sign of the ef-
fect is the determining factor as to whether the
parity of the state involved is positive or nega-
tive; the magnitude of the effect is only impor-
tant to the extent that its error must be small
enough to allow for a sign selection, From exper-
ience one expects the magnitude at 4.8 MeV to be
no less than 4%.

For the 4843-keV radiation from 2°°Pb I obtain
a value for (N,—=N,)/(N,+N,) of (-5.41+2.86)%.
I conclude, therefore, that the sign is negative to
a probability of better than 99.9%. The negative
sign corresponds to a positive parity. The B(M1,
1*—~ 0%) value for this level becomes 3.8(efi/2Mc)?
and is listed in line 3 of Table I.

Recently, Bowman et al.” reported on a large
concentration of M1 strength to the ground state
of ®%Pb just above the (y, n) threshold. Toohey
and Jackson'® question many of the 1* assign-

TABLE I. Comparison of the experimental and theoretical results for

the “giant” M1 excitation in *8pb,

Experimental Theoretical?
E, B(M1,1%—0*) E, B(M1,1%—0%)

(MeV) lte7i/2Mc)?) (MeV) [lefi/2Mc)?)

7.41 to 8.24" (11.6) 7.52 16.0

(7 levels)
7.28¢ 0.2 .o e
4.844 3.8 5.45 0.4
3See Ref. 9. PSee Ref. 7. ¢See Ref. 8. dpresent study.
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ments made by Bowman ef al. but nevertheless
conclude that a “giant” A1 is probable. A com-
bined width of 50.8 eV was obtained by Bowman
et al. for the seven states they assign as 1*, Al-
lowing for additional observed but unassigned
levels they get a width as large as 65 eV. This
corresponds to the B(»i1,1*~ 0*) value of 11.6

X (ef/2Mc)? as given in the first line of Table I;

I have parenthesized this number because of the
uncertainty as to the true value. It is also pos-
sible that a number of additional 1* states exist
below the (y, n) threshold. One such state with a
100% ground-state decay and a width of 0.78 eV
was observed by Wolf ef al.® at 7.28 MeV and the
B(M1) value is given on line 2 of Table I. A num-
ber of other levels with strong ground-state tran-
sitions have been observed in (y,y) studies,'"'?
but are assumed to have J" =1~ since they were
also observed through the decay of analog reso-
nances formed by the proton bombardment of
28pp,!3 The one possible exception may be one
of the doublets at 7.1 MeV."

The simplest shell model predicts two 17 states
in 2%Pb as mixtures of 1p-1h (one-particle, one-
hole) excitations from the i,,, neutron and &,,s,
proton shells, and a total B(M1) sum-rule strength
of about 16.5(e#/2Mc)?.** Several theoretical cal-
culations assuming 1p-1h transitions but using
different residual interactions have been made 5'®
The results of these studies give different ener-
gies and relative B(M1) strengths for the two ex-
citations. The energies and the strengths, how-
ever, are related. Within the framework of this
simple model a reduction in the energy of the
lower state requires more mixing of the neutron
and proton excitations, which because of inco-
herence reduces the B(M1) strength of the lower
state, Of course, the mixing will be coherent in
the upper state and increased mixing will result
in a somewhat higher energy and greater B(M1)
strength.

In Table I we give the results obtained by Ver-
gados,® the most recent of the calculations. As
can be seen, the experimental B(M1) strength of
the lower excitation is an order of magnitude

greater than the theoretical prediction even though
the energy is significantly lower. It is quite
clear that the simple 1p-1h model cannot repro-
duce this lower state, assuming, of course, that
this state is indeed related to the giant M1 excita-
tion.

The author is very indebted to Dr. F. R, Metz-
ger and Dr. S. Pittel for their interest and help-
ful discussions.
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