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to come out around 80 keV when all five rates
were used in the minimum-X' program. The ra,—

tio of K'* to K+* rate was also roughly 4. This
last feature did not change appreciably in solu-
tions 2 and 3 of Table II where four and three de-
cay rates were used, respectively, to fit the pa-
rameters. In solution 3 the p radiative width
agrees with the experiment and K'* width is well
within the experimental bound. The ~ radiative
width comes out to be less than half the experi-
mental width but is consistent with the value of
I'(&u —my)/I'(p -my) obtained in solutions 1 and 2.

We feel that it would be very desirable to re-
peat the p -w y measurement and, if possible,
to measure this rate in an e'e experiment. The
measurement of K+* rate is very important to
provide a check of SU(3) violations by comparing
it with the K'*.
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Photoneutron Polarization Studies of the GiantcV1 Resonance in 2 sPbf
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The photoneutron polarization from states near threshold was measured, for the first
time, for the reaction Pb(p np) Pb throughout the neutron energy range 500 to 1000
keV. Spin and parity assignments were made for these states. The giant Ml resonance
in Pb was found to be less fragmented than previously thought. The data suggest that
there is some "missing" M. strength in Pb.

Although there has been nearly a decade of
speculation' concerning the existence of a giant
M1 resonance, data on the characteristics of the
collective M1 strength in nuclei have remained
sparse and inconclusive. In general, the Ml
strength in photonuclear reactions should be en-
hanced at those energies corresponding to spin-
flip transitions of nucleons between the filled and
empty members of spin-orbit partners. An ideal
nucleus for observation of such a collective Ml
effect is "'Pb. Theoretical calculations of the

strength of the Ml resonance in "'Pb have taken
two distinct forms. Vergados' and I ee and Pit-
tel' have followed the precedent of Arima and
Horie4 by employing the concept of configuration
mixing and a free-nucleon M1 operator to the cal-
culation of the M1 ground-state radiation width,
whereas Ring and Speth' chose to renormalize
the M1 operator in a phenomenological way in or-
der to account for configuration mixing and me-
sonic effects. ' The discrepancies between the re-
sults of the two theories are large. The ground-
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state radiation width of the isovector part of the
M1 resonance was calculated to be 79 eV and lo-
cated at 7.5 MeV in Ref. 2, but only 21.7 eV at
8.3 MeV in Ref. 5.

Clearly it is essential to know the resonance
parameters of the states near threshold in ' 'Pb
if we are to understand the M1 giant resonance.
Unfortunately, the parities of the states above
7.68 MeV could not be determined unambiguously
from the photoneutron angular distributions mea-
sured in previous experiments. " In this Letter,
we report the results of a threshold photoneutron
experiment in which the polarization of the emit-
ted photoneutrons has been measured throughout
the neutron energy range 500 to 1000 keV. This
work represents the first measurement of polari-
zation of photoneutrons from resonances near
threshold. Observations of the photoneutron po-
larization together with the angular-distribution
measurements permit assignments of the spins
and parities of these resonances.

The present work exploits the pulsed, high-
current electron linac available at the Argonne
National Laboratory. An energy-analyzed, 9-
MeV electron beam with a peak current of 10 A,
a pulse width of 4 nsec, and a rate of 800 sec '
is focused onto a 0.2-cm-thick silver converter.
The bremsstrahlung from this process then irra-
diates a plate (5 cm &&2. 5 cm x0.5 cm thick) of
isotopically enriched "'Pb (99.1% pure 2O'Pb).

Photoneutrons from this reaction travel through
a well-collimated, 9-m flight path which is at an
angle of either 90 or 135' with respect to the
electron-beam axis. At the end of this flight path
the neutrons scatter from a liquid "0 target (7.5-
cm-diam cylinder) which acts as a neutron po-
larization analyzer. The neutrons scatter from
the "O target into two scintillation counters
which are placed at angles of +50 with respect
to the neutron beam axis. The counters (12.5-
cm X 10.0-cm 0&3.8-cm-thick NE110 plastic scin-
tillator) are located at 0.4 m from the center of
the "O scatterer.

In the present work the shapes of the threshold
photoneutron spectra were particularly sensitive
to small shifts of the detector gains. False asym-
metries in the neutron polarization measure-
ments can arise from these gain shifts. Hence,
it was necessary to hold the detectors fixed and
precess the neutron spins with a solenoid in or-
der to reduce these false asymmetries to negligi-
ble amounts. A solenoid, 1.5 m long and 10 cm
i.d. , is located 5 m along the flight path. The
maximum axial field is 1.5 kpe, which is suffi-

cient to precess a 1-MeV neutron through 180'.
This solenoid was designed for use with a con-
tinuous spectrum of neutrons using the general
method of Nath et al. ' Since the spectrum of
photoneutrons from ' 'Pb is continuous, it was
necessary to determine the angle of precession
at each measured energy. The angles of preces-
sion were taken into account [see Eqs. (7) and
(20) of Ref. 9] in extracting the final polariza-
tions. The neutron time-of-flight spectra were
recorded with and without the magnetic field.
The spectra observed at 135 are shown in the
lower half of Fig. 1. The power of the spin-pre-
cession technique can be seen by observing that
the relative magnitudes of the spectra at *50'
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FIG. 1. Upper half: The measured photoneutron po-
larization in the energy range 500 to 1000 keV at angles
of 90 and 135 . The error limits are primarily statis-
tical in nature. Only the 613-keV resonance emits po-
larized neutrons at both 90 and 135 . Lower half: The
raw time-of-flight spectra observed at 135' for neu-
tron scattering angles of +50 with and without the sol-
enoidal field.
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with the solenoid off are interchanged with those
with the solenoid on for polarized neutrons. The
analyzing power of "0 is relatively high through-
out the neutron energy range 3QQ to 1QQQ keV.
The analyzing power was found by using the A-
matrix parameters of Hickey et al." The scat-
tering angle of 50' was selected to give the high-
est analyzing power in this energy range. The
analyzing power at 50' varies from 60% at 350
keV to —98% at 950 keV and passes through zero
at 476 keV. The analyzing power of "P was cor-

rected for finite-geometry effects and multiple-
neutron-scattering effects using a modified ver-
sion of the code of Stinson, Tang, and Sample. "
These effects were found to be less than 10%%up of
the analyzing power in the energy range 500 to
1000 keV.

Nearly all of the resonances below a neutron
energy of 1 MeV in ' 'Pb can be treated as iso-
lated levels ((D) =15 keV). Hence, the expres-
sion for the photoneutron differential polariza-
tion for the reaction "'Pb(y, n, )'O7Pb is given"
by

=Ox&'((0.33a a~ sink~ +0.23a, a~ sinb. ,~ )sin +0.20a, a„sink~,sin26),

where a„a~,and a„arethe amplitudes for s-,
p-, and d-wave neutron emission, respectively,
and, e.g. , ~,„=5, —6„is the phase difference. The
subscripts 0 and 1 refer to the p-wave channel
spins. Here k is a unit vector whose direction is
perpendicular to the reaction plane and A. is the
reduced wavelength. The term —0.20k A. 'g~, a~,
csin~» sin26 was eliminated from the above

POPy
expression. The phase h,.&

for an isolated level
is given, to the first order, by the difference be-
tween the potential scattering phase shifts. Hence,
A~, ~, = y~, —y~ =0, to first order, for isolated
resonances. This expression demonstrates the
power of the photoneutron polarization measure-
ment for defining the parities of states in ' 'Pb.
We assume that the relative orbital angular mo-
mentum of the emitted neutron is l ~ 2. A pure
E1 resonance will decay by only s- and d-wave
neutron emission. Hence, the shape of the dif-
ferential polarization for E1 states is sin(26) in
form. An isolated N1 resonance gives no polari-
zation. A resonance with E1-M1 interference de-
cays by s- and p-wave neutron emission and
gives rise to sin0 dependence of the polarization.
Therefore the polarization due to a pure E1 reso-
nance will have a maximum value at 135', but no
contribution at 90 . A resonance with E1-M1
mixing will have a nonzero value of polarization
at both angles. The possibility of E2 resonances
occurring in this energy region has been elimi-
nated on the basis of angular-distribution mea-
surements. " In addition, an estimate was made
for the amount of E2 strength one might expect
in the energy region 7.56 to 8.38 MeV. It is be-
lieved" that a collective E2 resonance exists in

Pb at a mean excitation of 10.8 MeV. Using
the total reduced transition probability (6000 fm')
for the 10.2-, 10.6-, and 11.2-MeV resonances

and a Lorentzian curve with a total width of 2.7
MeV, a ground-state radiation width of 3.9 eV
was calculated for this energy region. This
small amount of strength spread over 820 keV
would have a negligible effect on the results. The
results of the present measurements are also
shown in Fig. 1. Here the 538-, 651-, 737-,
846-, 907-, 951-, and 996-keV states jn Pb
emit neutrons with a zero polarization at 90' and
a nonzero polarization at 135'. We conclude that
these resonances are E1.

In the region of the 603-613-keV resonances,
the nonzero polarization at 90 is due to E1-M1
interference. In order to determine which of the
two overlapping levels is the Ml resonance, a
calculation was made using Eq. (1) and a Breit-
Wigner shape for the amplitudes,

la, i' = r, r, /[(Z„-E)'+ (r/2)2],

where l refers to the relative orbital angular mo-
mentum of the outgoing neutron, and I", and I are
the partial and total widths, respectively. The
phases A. .. were chosen as hard-sphere phase-
shift differences. The I and I' were taken from

3O
Ref. 8 and from Allen and Macklin. ' The partial
neutron widths were fixed using the angular-dis-
tribution measurements. A triangular resolution
function was folded in with the calculated polari-
zation. The results of this calculation are com-
pared with the observed polarizations in Fig. 2.
The assignments of 1 to the 603-keV level and
1' to the 613-keV level provide the best repre-
sentation of the observations.

This work is in disagreement with that of Bow-
man et al. ' who assigned positive parities to the
651- and 846-keV states. From the present
work, it is clear that Bowman et al. ' underesti-
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FIG. 2. The curves represent the calculated polar-
ization using the isolated-level approximation [Eq. (1)j
in the region of the 603-613-keV resonances. The tri-
angle represents the energy resolution of the time-of-
Qight spectrometer.

mated the effect of the l= 2 partial waves on the
observed angular distributions. A summary of
the present work is given in Table I. The ground-
state radiation widths in Table I were taken from
Ref. 8. In the neutron energy range 500 to 1000
keV the only observed M1 state is at 613 keV with
a width of 19.7 eV. The only other possible un-
bound states which could be M1 are the 315- and
181-keV resonances. Harvey" determined that
the 315-keV state may be an E1 excitation, while
Toohey and Jackson' have shown that the 181-keV
resonance is probably an M1 transition with a
width of 9.9 eV. Together, the widths of the 181-
and the 613-keV states (F &-—29.6 eV) account for
less than half of the predicted" width (F &,

= 79
eV). Another consideration is that more tha. n

half of the M1 strength expected for 7Pb was
observed at 7.5 MeV by Medsker and Jackson. "
These facts suggest that there is some missing
~1 strength in ' 'Pb. Of course, the expected
M1 strength might be below the photoneutron
threshold. Although Lindgren et a/. "have re-
ported evidence for the existence of bound M1
resonances in 'o'Pb, the amount of Ml strength
below threshold remains unknown. However, if
we speculate that the 181- and the 613-keV reso-
nances are the only M1 excitations in this energy
region, then the results are in remarkable agree-
ment with the calculations of Ring and Speth. '

Values of I'& vyere taken from H, ef.4.

The predictions' are that E, = 7.50 (7.56) MeV,
F =9.47 (9.9) eV, and E, = 8.30 (7.99) MeV,
I' =21.67 (19.7) eV. The numbers in parenthe-

~02
ses are the measured' values.

In conclusion, the feasibility of using a high-
current linac for the measurement of polarization
of threshold photoneutrons from the reaction
'o'Pb(y, no)'O'Pb has been demonstrated. In the
region 500 to 1000 keV, E„,= 7.88 to 8.38 MeV,
only the 613-keV level, which corresponds to an
excitation energy of 7.99 MeV, is 1'. Hence, the
giant M1 resonance in '"Pb is not as fragmented
in this energy region as previously believed.
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We present the first observation and interpretation of an interference effect in the in-
frared absorption spectrum of HD-rare-gas mixtures. This effect, due to constructive
or destructive interference between allowed and collision-induced dipoles during a colli-
sion, is referred to as "intracollisional interference, " Is is manifested by the appear-
ance of a narrow line at the R&(1) position which increases with rare-gas density. This
interference has relevance to the determination of HD abundance in planetary atmos-
pheres.

As was first pointed out by Wick' in 1935, the
HD molecule has an allowed electric dipole vi-
bration-rotation spectrum. Because the allowed
dipole arises from the nonadlabatlc breakdown
of the Born-Oppenheimer approximation, it has
a small magnitude of the order of 10 ' D. The
infrared spectrum of HD was first observed by
Herzberg' in 1950, and more recently by Tref ler
and Gush, ' in the pure rotational, and by Bejar
and Gush, ~ and by McKellar" in various vibra-
tional bands.

Collision-induced spectra occur quite general-

ly and are due to absorption by the transient di-
pole created in a pair of molecules during a col-
lision (for a, recent review see, e.g. , Welsh' ).
Most work in this area has been done with mole-
cules that do not have allowed infrared dipole
spectra, e.g. , H, and N, . Mixtures of homonu-
clear diatomic molecules with inert gases have
also been extensively studied. For the collision-
induced spectrum of a dipolar gas, the possibil-
ity of an interference between the two types of
dipoles (allowed and induced) discussed above
should be considered. In the present paper we
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