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Using linearly-polarized laser-Compton scattering 7-rays, partial £1 and M1 photoneutron cross
sections along with total cross sections were determined for 2°72°Ph at four energies near neutron
threshold by measuring anisotropies in photoneutron emission. Separately, total photoneutron cross
sections were measured for 2°729¥Ph with a high-efficiency 47 neutron detector. The partial cross
section measurement provides direct evidence for the presence of pygmy dipole resonance (PDR)
in 2°7298pPh in the vicinity of neutron threshold. The strength of PDR amounts to 0.32% - 0.42%
of the Thomas-Reiche-Kuhn sum rule. Several u3% units of B(M1) | strength were observed in
207,208 p}, just above neutron threshold, which correspond to M1 cross sections less than 10% of the

total photoneutron cross sections.

I. INTRODUCTION

The ~-ray strength function (ySF) below neutron
threshold, along with the nuclear level density, is a key
physics quantity of the Hauser-Feshbach model calcula-
tions of radiative neutron capture cross sections in the
field of nuclear astrophysics and nuclear engineering. Re-
cently pygmy dipole resonance (PDR) and M1 resonance
have drawn much attention because they constitute ex-
tra strengths of ySF. The nuclear resonance fluorescence
technique (NRF) using linearly -polarized 7 rays is used
to separate E'1 and M1 strengths for resolved peaks be-
low neutron threshold by identifying ground-state transi-
tions [1]. The technique is also used for quasi-continuum
components though the strength determination is not so
straightforward. The NRF technique is well suited to in-
vestigate even-even nuclei with high neutron threshold.
The 0" ground state in even-even nuclei simplifies the
identification of ground-state transitions in the NRF tech-
nique.

Photoneutron cross sections directly provide vSF above
neutron threshold, thus constraining the gross structure
of the vSF in the low-energy tail of the giant dipole reso-
nance. Furthermore, one can detect, through photoneu-
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tron cross section measurements, PDR for odd-N nuclei
with neutron thresholds as low as 6 - 7 MeV. We have
measured photoneutron cross sections with a 47 neutron
detector to investigate the 4SF including PDR [2]. In
this paper, we report results of a new experimental at-
tempt to separate E1 and M1 strengths in 207:208Ph by
measuring anisotropies in photoneutron emission.

II. ANISOTROPY MEASUREMENT

The experimental principle of separating E'1 and M1
strengths is depicted in Fig. 1. In the E1 and M1 pho-
toexcitations of 28Pb, 1~ and 17 states are, respectively,
populated and decay to the ground state 1/2~ in 2°7Pb by
s-wave and p-wave neutron emissions. It is to be noted
that in the energetically-allowed decay to low-lying ex-
cited states in 2°7Pb, the s-wave and p-wave emission
are accompanied by d-wave and f-wave emissions, respec-
tively. However, when the excitation energy is not too
high, the d-wave and f-wave emissions are, in general,
suppressed by the centrifugal potential. A similar discus-
sion is applied to photoexcitation of 207Pb except that
the E1 photoexcitation populates both 1/2% and 3/2%
states, the latter of which can decay to the ground state
0% in 2°°Pb by d-wave neutron emission. The s-wave
neutrons are emitted isotropically, while the p-wave neu-
trons are emitted preferentially along the linear polar-
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FIG. 1. E1 and M1 photoexcitations of ***Pb leading to s-
wave and p-wave neutron emissions.

FIG. 2. Experimental setup of four sets of neutron detectors
for a vertically polarized -ray beam.

ization. Therefore, it is possible to separate E1 and M1
photoexcitations by measuring anisotropy of photoneu-
tron emission.

The experiment was performed at the National In-
stitute for Advanced Industrial Science and Technology.
Enriched 2°7Pb (99.1% 3482 mg) and 2°®Pb (98.5% 9587
mg) metal samples shaped in 8mm diameter were irra-
diated by linearly-polarized laser Compton scattering -
ray beams at four energies near the neutron threshold,
respectively. The linear polarization was 93.4 + 0.7% af-
ter a slight depolarization caused by the laser optics (two
lenses and one mirror). The neutron detection system is
shown in Fig. 2. Four units of high- and flat-efficiency
long counters of East and Walton type [3] with five 3He
proportional counters embedded in a polyethylene mod-
erator and twelve neutron-guiding holes were mounted at
the distance 125mm from the target: two at the vertical
positions and two at the horizontal positions. The whole
system was rotated by 90° around the beam axis and
the polarization was flipped by 90° with a A/2 optical
element to reduce the systematic uncertainty associated

with a possible asymmetry in the geometrical configura-
tion of the four long counters.

The data reduction was carried out, neglecting multi-
poles higher than E1 and M1 photoexcitations and orbital
angular momenta higher than s-wave and p-wave. The
angular distributions for the s-wave emission W?, p-wave

emission induced by linearly-polarized photons W;’ol, and
p-wave emission induced by depolarized photons Wé’ep

are, respectively, expressed as
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4

Wi (0, ¢) = 8%[81112 6(1 + cos 29)],

W*(0, ¢) (1)

and
3)

It is noted that the depolarization occurs in a plane per-
pendicular to the «-ray beam axis. Here # stands for the
polar angle for photoneutron emission with respect to the
beam direction (z-axis), while ¢ for the azimuthal angle
with respect to the x-axis.

There are four kinds of neutron detection efficiencies:
one for s-wave neutron emission €°, two for p-wave neu-
tron emission induced by linearly-polarized photons ell‘

Wi, (0,9) = % sin” .

and el , and one for p-wave neutron emission induced
by depolarized photons e'. The four counters have the
same efficiencies in € and e'. The two counters mounted
parallel to the linear polarization have sﬁ, while the two

mounted perpendicular to the polarization have ¢! . The
four intrinsic efficiencies are shown in Fig. 3. The &Y
was measured with a calibrated 2°2Cf source. The mea-
surement agrees with the MCNP Monte Carlo simulation
within 6%. The other three efficiencies were obtained by
the Monte Carlo simulations.

The total and partial (E1 and M1) cross sections (oot
om, and o) are given by

Ntot

N.N,’

0
op1 = R 0tot,

Otot =

and

1
om1 = R oo,

where IV, is the number of incident ~ rays, N, is the areal
density of the target nuclei, Ny, is the total number of
neutrons emitted, and R” and R' are the probabilities of
emitting s-wave and p-wave neutrons, respectively. Un-
der the present assumption, R°4+R'=1. The N;o;, R and
R! are determined by experimental quantities such as the
polarization, the four neutron detection efficiencies, neu-
tron yields of the four long counters, and the analyzing
power of the neutron detection system. The analyzing
power which is defined by

e gj(pol) — €} (pol)
2¢l ’

(7)
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