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produce little depolarization! and, therefore, it could be used for
low-energy nuclear reactions.

Further measurements are being made which will include the
determination of polarization effects in deuterium and several
other elements. A preliminary measurement indicates the polariza-
tion produced by copper is even larger than that produced by
carbon.
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Dipole Photonuclear Reactions and the
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ROSS sections for electric dipole photoexcitation of neutrons

in an independent particle model nucleus have been calcu-
lated as a function of photon energy. Characteristics of the po-
tential well and bound neutron levels (Fig. 1) were chosen to

2 n €|
—0 (0] 0.7 — 7
—2 [0} 2.0 —
— 4 (o] 7.5 —f
— 1 4 10.9 —j
>
—3 10 15,2 — §
g
—O0 2 19.5 —f
— 2 10 220 —
— 6 27.5 —
— 0 2 32.3 —
& /2
6x10™" cm =||

F1G. 1. Potential well and bound neutron levels. | E| is the level binding
energy in Mev, [ is the angular momentum in units of %, and # is the number
of neutrons in the level when the nucleus is in its ground state.

correspond to the nuclide Cu®, and antisymmetric nuclear wave
functions made up from the exact single-particle solutions of
Schroedinger’s equation were used. The energy levels are eigen-
values of the problem, but they were filled according to the shell
model! in order to provide the (presumably) correct distribution
of neutron angular momenta in the nuclear ground state; the
main results of the calculation, in any case, turn out to be quite
insensitive to variations in ordering. Substantially the same results
should be obtained for proton excitation.?

Figure 2 is a schematic plot of the resulting photon-capture
cross section. The histogram represents capture by neutrons which
end up in bound levels, where the corresponding delta-function
cross sections are arbitrarily made one Mev wide, and the con-
tinuous curve shows capture from transitions to final states in
which the excited neutron has positive energy. The various
numbers on the graph give the percentage contributed to the
total integrated capture cross section, /S odE, by the transitions
indicated. A smoothed version of the calculated photon-capture
curve is compared with the observed photoneutron cross section
in Fig. 3.
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F1Gc. 2. Calculated photon-capture cross section. Histogram shows
transitions to bound levels; line curve shows transitions to continuum.
Line curve is magnified ten time for clarity. Numbers are percentages of
total fodE.

Although the areas (/'¢dE) and shapes of the two curves in
Fig. 3 are qualitatively similar, most of the calculated absorption
takes place at too low energy. Directly ejected neutrons (those
excited to positive energy states) are produced in only 2 percent
of the capture events. If all other capture with %w>10.9 Mev is
assumed to lead to neutron evaporation from an excited compound
nucleus (a drastic assumption here because it implies the aban-
donment of the independent particle model as soon as photon
capture has occurred), it is still found that only 12 percent of the
total calculated photon capture can produce neutron emission.
Thus the independent particle model by itself would not agree
with experiment.

One might suppose that other modes of photon capture could
account for the remainder of the observed neutron yield and re-
quire that direct ejection produce only the high-energy anisotropic
photoneutron groups emitted from copper and many other nuclei.
The calculated angular distribution for the direct neutrons is of
the form A+B sin%, with B/A somewhat less than unity for
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F16. 3. Comparison of cross sections. Calculated photon-capture curve
has been smoothed. Observed photoneutron cross section taken from L.
Katz and A. Cameron, Can. J. Phys. 29, 518 (1951).
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Cu%3, which is in fairly good agreement with the measurements of
Price® on natural Cu. However, the high-energy group in such a
composite model would comprise only 0.3 percent of the total
neutron yield, much less than the measured value of 10 percent.
Hence, even when considered as only a partial picture, the inde-
pendent particle model falls short.

Probably the reason low-energy transitions predominate in the
calculated photon-capture cross section is that all neutron mo-
menta in the square-well nucleus are relatively small. Higher mo-
mentum components in the ground-state wave function, such as
those which would be produced by stronger interactions of near-
neighbor nucleons, would raise the energy of maximum absorption
and thus produce better agreement with experiment. At any rate,
these calculations show that the independent particle model is
definitely inadequate for treatment of photoneutron production
in the dipole resonance region.

The author is greatly indebted to Professor V. F. Weisskopf,
Professor P. Morrison, Professor H. Feshbach, and to Dr. I.
Halpern for valuable discussions and encouragement.
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Hyperfine Structure and Isotope Shift*
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HIS note describes a new technique! for observing hyperfine

structure and isotope shift in absorption lines. Preliminary

application has been to the resonance lines of the natural isotopes
of mercury and to the radioactive isotope Hg?

The 2537A radiation emitted axially from a Hg"® lamp in a
magnetic field is passed through a quarter-wave plate and Nicol
prism adjusted so as to pass only one of the two o-components of
the normal Zeeman triplet. Since the frequency displacement of
this component depends linearly on the field, this arrangement
provides us with a monochromatic light source of variable fre-
quency. This light is used to excite selectively the hyperfine com-
ponents of the resonance radiation of the isotopes in the mercury
vapor being investigated. Fields up to 10 000 gauss vary the fre-
quency over a range sufficient to cover the entire hyperfine struc-
ture pattern of the resonance line of natural mercury. The
intensity of the resonance radiation is observed with a photo-
multiplier. The effective resolving power of this arrangement is
limited only by the width of the radiated and absorbed lines.

Good agreement was obtained between the frequency of the
lines as computed from the magnetic field and results obtained by
Schiiler and Keystone,? but anomalous results were found for the
intensities. Separate experiments have shown that the intensity
of the resonance is not a linear function of the partial pressure,
but rather reaches a maximum at total vapor pressures corre-
sponding to temperatures of about 0°C, the position of the maxi-
mum being different for different isotopes. The effect is thought
to be due to the influence of collisions of the second kind leading
to radiationless transitions to the ground state or to the meta-
stable 3P, state. Further experiments for investigating these
effects are in progress.

Since the sample in this experiment is in the form of a vapor in
a sealed tube, it is particularly suitable for experiments on radio
isotopes which are produced in small quantities. Hg"?, produced
by bombarding gold with 15-Mev deuterons in the M.L.T. cyclo-
tron, has been made, and the position of the lines in the hyperfine
structure pattern observed. In addition to the normal five com-
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ponents of the natural mercury spectrum, presumably due to
contamination, several new components were found, whose in-
tensity changed with time. It was not possible to identify these
lines in our preliminary experiments, but the results seem at
present to be compatible with the spin assignments of the shell
model, and of experiments on y-emission,® namely 13/2 for the
isomeric state and 3 for the ground state. Further experiments
attempting to identify the various newly discovered lines are
also in progress.
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Mass-Renormalization with the
Tamm-Dancoff Method
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N an earlier letter! a modified form of the Tamm-Dancoff
method was proposed. Let us call the original form of the
method? “old TD method” .and the modified form “new TD
method.” It was shown that certain divergence problems con-
nected with the self-energy of the vacuum, which are troublesome
with the old TD method, are absent with the new TD method.
In this letter we discuss the quite separate divergence problem
connected with the self-energy of a single particle. Consider for
example the scattering of a pseudoscalar meson by a nucleon,
with the symmetric interaction

H=iG [ vored (r)a(r)dr. ()

Let a(pu, ka) be the Tamm-Dancoff amplitude (old or new) for
finding one nucleon with momentum p and spin #, and one meson
with momentum k and charge «, in a state of total energy E. Let

= (M2+p2)},  wp=(¥+k)Y, Ei=E,+wr, A=E—FE. (2)

To order G2, the Tamm-Dancoff equation for a(pu, ka) is
a(pu, ka)=[S/AJa(pu, ka)+other terms. 3)
Here S is the second-order nucleon self-energy, and the “other

terms” describe meson self-energy and meson-nucleon scattering
processes. Since S is divergent, we must use mass-renormalization
to obtain from Eq. (3) a usable finite equation.

With the old TD method,

S=Z/[|Hn|*/(E—EN1-2,[|Hn|*/(E-E;)] @

Here H; is the matrix element of H for the transition from the
state (pu, ka) to an intermediate state I of energy E;. The states
I are states of one nucleon and two mesons, and

Ei=E;+twp_qtws. ©]

The states J are states of two nucleons, one antinucleon, and two
mesons, and

E;=2Ep+E;+wp_gtwr. 6)

The states J are excluded by the Pauli principle, since they con-
tain two identical nucleons, and this results in the minus sign
in Eq. (4). With the new TD method the first sum in S remains
unchanged. The second sum is changed (a) by counting the whole
sum plus instead of minus, and (b) by using instead of Eq. (6)

Ej=—E;—wp_qtwr. ©)

With both old and new TD methods, the self-energy of a free
nucleon of momentum p is obtained by putting E=E, in Eq. (4).
A plausible nonrelativistic method of mass-renormalization is to
subtract the free-particle self-energy from S. Thus we replace



