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It is well known that although the nuclear
Hamiltonian may possess a certain symmetry,
the Hartree-Fock (HF) Hamiltonian will, in
general, not commute with the operator cor-
responding to that symmetry. Thus, restric-
tions on the variational single-particle wave
fun'ctions should not be inferred from proper-
ties of the actual many-body wave function.
Specifically, it is an assumption, a priori
unjustifiable, to restrict the HF wave functions
to be eigenstates of the parity operator. Such
an assumption is especially dubious in the light
of the fact that the tensor force can give no
contribution (at least the direct term) if pari-
ty is not mixed in the trial wave functions. '
Previous investigations' 4 have shown that
agreement with the observed spin-orbit split-
tings and magnetic moments could be obtained
from the tensor force if parity mixing were
allowed. However, in the HF calculations pres-
ently being performed with realistic forces,
the lowest energy solution is always found to
have single-particle wave functions of good
parity. (The details of the HF procedure and
the results of these calculations can be found
in Baranger. ')

Since the force s being used in the se calcu-
lations (the Tabakin' and Yale-Shakin' forces)
are rather complicated, a simplified force
was constructed and a detailed investigation
of parity mixing was carried out. The force
consisted of the central and tensor parts of
the Hamada-Johnston' force with the infinite
hard cores replaced by finite cores of heights
150 and 0 MeV, respectively. The radius of
the soft core was 0.67 F. This model force,
though unrealistic, contains some of the fea-
tures of the realistic potential of Bressel'
and is well suited to a study of the relation
between parity mixing and the strength of the
tensor force. The nuclei considered were the
closed-shell nuclei He', 0", and Ca ', and

the deformed nuclei Bes C~2 Ne2O and Si2s

The trial wave functions were taken to be lin-
ear combinations of harmonic oscillator wave
functions:

i~&=QC ini7m~ &

and

)=5 .C . ' Inljm~ &,nlj nlj g '
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are occupied states, then

mvz j+ l-nz
. (C . ~)+(-1) In'-m~ &= lAnlj nlj

with the summation onn, l, and j. Thus, though
radial variations, deformations, and parity
mixing were allowed, it was assumed that the
HF solutions are axially symmetric and eigen-
states of Tz. The variational space included
the 1s, 1p, 2s-ld, and 2p-If shells. The or-
bits of allA nucleons were treated variation-
ally.

It is worth going into some detail concern-
ing the initial choice of the variational param-
eters (C). If the total Hamiltonian possesses
a symmetry and the C's are suitably chosen
for the first iteration, then the HF solutions
may also have that symmetry. It was found
in our other calculations that even if the C's
for +~ states and -m states were initially un-
related, the minimal solution was invariant
under time reversal, i.e. , if
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In most HF calculations, the C's are initial-
ly chosen to be real. Since the interaction is
real, the C's will continue to be real through-
out the iteration procedure. This, in fact,
is equivalent to the further assumption that
the HF solution is invariant under the combined
operation of space inversion and rotation of
180' about the y axis, PA, z&. According to a
suggestion of Villars, ' the initial set of C's
should be complex in the following way: All
"wrong" parity components should enter with
pure imaginary C's and all "right" parity com-
ponents with pure real C's. For example:

IA)=C Infjm~ )+zC In'l+1j'm7 ),

with Cy C2 real. This is equivalent to invari-
ance under A'~& as well as T. The bulk of the
work reported here followed this latter sugges-
tion. The results are shown in Fig. l. There
binding energy is shown versus e, where e
ip defined by

V=V +nV
central tensor
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(n = 1 corresponds to the Hamada-Johnston
strength. )

The dashed lines correspond to the initial
choice of (real) C's such that P IA. ) =~ IA.). (This
property is, of course, retained by the solu-
tion. ) It is perhaps surprising that these en-
ergies are independent of e, not only for the
spherical nuclei, but for the deformed nuclei
Be' and Ne", as well, over a wide range of
tensor strengths. The solid lines correspond
to the initial C's being chosen real for even
parity and pure imaginary for odd parity.
The jagged solid line indicates that these re-
sults are rather qualitative in that not ma, ny

points were calculated in that region since
that region is not physically interesting. For
values of n less than the "transition strength"
the parity mixing vanishes regardless of the
initial choice of C's. This was verified for
pure real and nontrivially complex, time-re-
versal-invar ia nt and time-r ever sal-noninvar 1-
ant C's, as well as the choice described above.

The energy dependence of the deformed nu-
clei C' and Si as a function of e is more,
as one would expect. For reasonable values
of the tensor strength, the energy decreases
slowly as the force becomes larger, while
if o. is allowed to take on very large values,
the energy decreases rapidly. Here it is al-
so true that below a certain critical value of

FIG. 1. HF binding energies as a function of the ten-
sor-force strength. The dashed lines correspond to
good parity solutions and the solid lines to mixed pari-
ty solutions. The two solutions coincide for 0 ~0. ~ 1.9.
The Be solutions have the same characteristics as the
Ne20. (The Ne~o curve has been scaled down for the
sake of clarity. )

n (again approximately twice the realistic
strength), there is absolutely no gain in ener-
gy achieved by mixing parity, and the lowest
solution consists of single-particle wave func-
tions which are eigenstates of parity. The
critical value of n is nearly independent of
A to the degree that could be tested in the lim-
ited subspace to which the variation was re-
stricted.

It is true that spin-orbit splittings can re-
sult from the tensor force if its strength is
unrealistically large. (This has been consid-
ered extensively by Ebenhoh. 4) The relevant
conclusion of this investigation is, however,
that unless one is utilizing a force whose ten-
sor part is nearly 100% stronger than the ac-
cepted strength, it is sufficient to restrict
the single-particle wave functions to be eigen-
states of the parity operator when performing
Hartree-Fock calculations of nuclear ground-
state energies.
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We have measured the photoproduction of the
meson in the region from threshold to -940

MeV. The differential cross section near 90'
in the center of mass is characterized by a
rapid rise near threshold reaching a, maximum
value of -1 pb/sr approximately 40 MeV above
threshold. The cross section then decreases
to a value of 0.3 Iub/sr at a laboratory photon
energy of -900 MeV. Several different angles
have been measured at a laboratory photon en-
ergy of 790 MeV and the angular distribution
is consistent with isotropy. This implies ei-
ther an S or P wave with T = —,', J= —,

' near thresh-
old. Recent phase-shift analyses of pion-nu-
cleon scattering suggest that the q production
near threshold is to be identified with the
N», *(1550MeV) S» state.

Photoproduction cross-section measurements
of the eta. , a pseudoscalar meson with positive
G parity and mass 548.6 + 0.4 MeV, have pre-
viously been obtained at higher photon energies
than the range covered by this experiment. '
More recently, the Frascati group has extend-
ed its measurements to lower energies and
there is thus some overlap between the pres-
ent experiment and the Frascati results. ' In
addition, there are new data, in the region from
950-1100 MeV from Heusch et al. However,
all these previous experiments measure the

g production for decay into a specific channel,
viz. , g -y+y. Comparison with the present
results thus requires a knowledge of I' /f'total,
the branching ratio for the two-photon decay
mode as compared with all other channels.

Observation of g photoproduction in the re-

action y+P - q +P has been accomplished by
using counter techniques with the Stanford Mark
III 1.1-BeV linear electron accelerator. Since
this process has a two-body final state, a mea-
surement of the proton angle and momentum
is sufficient to determine uniquely the incident
photon energy.

The experimental set up consists of equipment
a,s follows: The linac electron beam is brought
out into the experimental area and passes through
two secondary emission monitors which are
used to integrate the electron-beam current.
These are followed by an air Cerenkov count-
er used to monitor the beam pulse shape. The
electron beam is then incident upon a radiator
foil typically -0.01 radiation lengths to produce
the photon beam. The photon and electron beam
then pass through a sweeping magnet which de-
flects the electron beam away from the target.
The photon beam then passes through a liquid
hydrogen target.

The recoil protons are detected by counters
at the exit focus of a 44-in. radius, 90' bend,
n =0 magnet which has 0.1% momentum reso-
lution up to 700 MeV/c. The detecting count-
ers consist of three backing counters and sev-
en momentum-defining counters which are 1%
in momentum width. The pulse-height distri-
butions of the backing counters were careful-
ly monitored and used to reject coincidences
due to m+ and e+. The momentum defining count-
ers are oriented in the focal plane of the spec-
trometer such that they are parallel to lines
of constant photon energy for the reaction un-
der investigation.
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