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three figures, possibly more.

The ground-state 3P wave function has been re-
ported previously®; wave functions for all excited
states of the configurations 1s22s22p"(3s, 3d) (r
=0,1,2,3) of O and N have been computed and are
being prepared for publication.

In view of Garstang’s careful and extensive dis-
cussion of this OI transition, we would like to note
some additional calculations we have performed.
We computed the o2 value using our °P ground-
state function and our 3S wave function for the 3s
electron. The value 0.1052 obtained confirms
the value 0. 11 obtained by Garstang using the
Hartree, Hartree, and Swirles function and Nick-
las and Treanor’s function, respectively, for
these two states.? The results show that, as one
might expect, the value of o® is relatively insen-
sitive to the difference between the °S and S wave
functions. In addition, for the 2p - 3s transition
(neglecting coupling) we have obtained the value
02=0.15 from the Hartree- Fock-Slater (HFS)
wave functions computed by one of us.® Our ex-
perience in comparing values of o® obtained from
HFS wave functions with more accurate values
(theoretical and experimental) indicates that for
transitions involving excitation of a 2p electron
they are somewhat too large. The ratio of posi-

tive to negative contributions to the integral for
the analytic SCF functions is 10.1, indicating that
while some cancellation does occur in the integra-
tion, it is not severe.

Finally, we would like to point out that the val-
ue of o2 for the NI 2p%3s(*P) - 2p3(*S), reported in
an earlier paper,” was listed incorrectly as 0.12.
The correct value is 02=0.131 and this value
leads to the f number of 0.10 as quoted in that
paper.
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ons Center, Air Force Systems Command, under Con-
tract AF 29(601)-5225, and by Lockheed Missiles and
Space Company Independent Research Program.
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ENERGY GAP IN FINITE NUCLEI CALCULATED IN THE SLAB MODEL*
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Impressive success has been achieved in under-
standing the nuclear energy gap and associated
phenomena in terms of the Belyaev! adaptation
of the superconducting theory to finite nuclei.

The calculations, however, generally employ
simplified internucleonic potentials, with a few
adjustable parameters empirically fitted to a
large quantity of nuclear data. On the other hand,
calculations for infinite nuclear matter, utilizing
“realistic” internucleonic potentials, have shown
that the energy gap is very small or nonexistent.?™*
In order to bridge the difference between these
two approaches, we have performed calculations
for the energy gap of a finite system with inter-
nucleonic potentials which reproduce singlet, s-
wave scattering data.

To simulate a finite nucleus, we have used a
slab model in which the system is of infinite ex-
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tent in the x and y directions, but is confined to
a region of thickness L in the z direction. The
basis functions for the system are taken to be
the product of plane waves in the x and y direc-
tions, and standing waves (vanishing outside the
slab) in the z direction. The energy gap is found
from the BCS® integral equation

{E-EKVIE’-E'}AE,

) P

- k12+AE;2)1/2 ’
kl
where |k} denotes a state described above and
{-k} is the time-reversed state of [K}. In this
work, 61'; is represented by the effective mass
approximation
&g = (1" /2m™) (R - kg (2

The 33+ in Eq. (1) is properly replaced by in-
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FIG. 1. Anisotropy of the gap parameter A(EF) as
function of cos6 = (kF)z/kF for potentials (a) and (b)
and various combinations of (m*/m,L).

tegrals over ky and ky, and a discrete sum over
k,. We have replaced the sum over %; by an
integral as well, and in doing so have explicitly
eliminated the possibility of oscillations in the
solutions to Eq. (1). Such oscillations have
been found by Blatt and Thompson,® who studied
a superconducting slab with a BCS-type (“shell”)
interaction. However, our results correspond

roughly with the mean of the oscillatory solution.

Although the nuclear pairing energy data (see
Fig. 3) exhibit oscillations suggestive of those
found by Blatt and Thompson, there is no hope
of reproducing them in detail in any slab model
since they arise from details of the spherical or
spheriodal shell structure.

The two-body interactions employed reproduce
the singlet s-wave scattering data (scattering
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FIG. 2. Minimum value of A(EF) as a function of
L for various values of m*/m. The solid curves are
for potential (a), the dashed curves for potential (b).
The minimum is achieved at cos6 =0, and the value at
minimum is denoted by A°,

length, effective range, and 310-MeV phase
shift) as described in Kennedy, Wilets, and Hen-
ley.® Briefly, the interactions are represented
by back-to-back Yamaguchi potentials,

(UK +K, K -KIVILK +K’, 1K -K")
2

= Elx 2w k), (3)

where wi(k) = (k2 +Bi2)" and k) is a plane-wave
state. The parameters for the two distinct po-
tentials used here, denoted by (a) and (b), are®

Bl Al Bz Xz

(FY) (F3) (F™) (FS)

(a) 3 7.655 1.766 1.731
(b) 6 123.1  1.620 0.9530.
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FIG. 3. A comparison of theoretical and semiempirical values of the energy gap as a function of A. The

crosses and circles are proton and neutron pairing energies, 6, deduced by Nemirovsky and Adamchuk from
even-odd mass differences. The solid and dashed lines are calculated values of A® (see Fig. 2) fitted to the data
by adjusting the single parameter m*/mfor potentials (a) and (b); the infinite-matter values of A® for these param-
eters are 0.016 and 0.10 MeV, respectively. The parameters A" and & are not identical, but are related by 6
~(E2+A%)V2 where € is the normal single-particle energy of the odd nucleon measured relative to the Fermi en-
ergy. Since ¢ is roughly half the mean level spacing, the distinction between 6 and A" is usually small.

Between the two, (b) corresponds to the harder
repulsive core. The numerical method of solu-
tion of Eq. (1) will be reported in a later pub-
lication together with a generalization of the
method to a finite square well in the z direction.

The results displayed here are for kp=1.4 F,
which characterizes the central density of the
nucleus. Because of the slab geometry, the gap
[which is interpreted as 2A(Ky)] is anisotropic.
Figure 1 shows the gap as a function of (EF)z/kF
(= cos®) for various combinations of the effective
mass and slab thickness for both potentials. For
m*/m=1 and L =25 F, the value of the gap at
cosd =0 is roughly twice that for infinite nuclear
matter. It is obvious that the gap is a very sen-
sitive function of the effective mass and slab
thickness. Figure 2 is simply the data of Fig. 1
replotted for cos6 =0, the angle at which the gap
is smallest.

In order to obtain a correspondence between
the slab and a finite nucleus, we fix the slab
thickness such that the same effective surface-
to-volume ratio obtains. Thus the slab has a
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surface 2S (S—«) and a volume SL*. Here L*
(<L) is the effective thickness of the slab and is
defined so that SL* X (central density) gives the
number of particles. For kpL >1, we have L*
=L - 3n/4kF; this is the relationship used below.
Then, representing the nucleus by a uniformly
dense sphere, we set

(3/2)L*=R=r,A"3, (4)

with »,=1.09 F.

In Fig. 3 are shown the gap parameters for
neutrons and protons deduced from even-odd
mass differences by Nemirovsky and Adamchuk.’
The two curves superimposed on these data rep-
resent calculations using potentials (a) and (b)
and a single value of m * fitted to the data for
each of the two potentials. [Curve (b) is almost
identical with the least-squares empirical fit of
Nemirovsky and Adamchuk: A=16.247%%! MeV. ]
The values of m*/m required to fit the data of
Fig. 3 are 0.806 for potential (a) and 0.950 for
potential (b). These values of m*/m are some-
what larger than the usually accepted value for
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the effective mass,® which is about 0.7. Since
the density surface thickness in the model is
sharper than that of an actual nucleus, we can-
not expect better agreement. Calculations based
upon a finite square-well potential (now in prog-
ress) will yield a more gradual falloff in nuclear
density, and are expected to reduce the effective
mass required to fit the data.

The identification of the energy gap as a func-
tion of surface-to-volume ratio indicates that
the gap should also be an increasing function of
nuclear deformation as Griffin® deduced from the
anisotropies of fission fragments. If we assume
that the gap in spherical nuclei is given by

Asph=cA’”2, (5)
then for a spheroidal nucleus characterized by
a deformation parameter 8, we have

A~cA™Y2[1 +(3/4m)p?], (6)

with ¢ #12.8 MeV. This estimate, of course,
ignores specific shell structure effects.
We would like to thank the Northwest Comput-
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Recently Brown and Singer® found a good agree-
ment with all the available data concerning ener-
gy spectra and branching ratios in the three-pion
decays of the n and K mesons by assuming the
existence of an I=J =0 di-pion resonance of mass
about 400 MeV and of full width 75 to 100 MeV
reported earlier by Samios et al. 2 The purpose
of the present paper is to point out that the pres-
ence of such a resonance would make the K,
meson heavier than the K, meson by the right
order of magnitude. 3

The dispersion-theoretical formulation of this
problem was first presented by Barger and Ka-
zes, * and we shall briefly recapitulate their ap-
proach. Within the framework of the I,-conserv-
ing strong interactions the rest masses of the K,
and K, mesons are degenerate and their mass
difference is generated by weak interactions. In
order to study this problem let us introduce the
proper self-energy operator or the polarization
operator II(s) of the K° meson due to weak inter-

actions, where s is the square of the virtual K-
meson mass w. Then the self-energy of the K°
meson due to weak interactions is given by®

dan?=1(M?), (1)

where M is the degenerate K-meson mass and
6912 is the complex self-energy given more ex-
plicitly by

OIM2 = 2M 69N, (2)
and
09 =6M - 3. (3)

6M and I" are the mass shift and full width of the
K meson. These formulas give a physical inter-
pretation of the quantity II(s).

Next we shall introduce an unsubtracted disper-
sion relation for I(s), i.e.,

ImII(s’)
st-s °

Rell(s) %:J:ods' 4)
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