Nels

species which could be produced by 30-Mev Pprotons
on fluorine are Ne!8, Ne'?, and F'¢. Since F'6 is known
to be unstable,! the activity must be either Ne'® or
Ne'?, If one assumes the activity to be Ne'?, the beta-
ray energy, coupled with the known mass of FY7, gives
a minimum possible mass for Ne'”. From this value,
and the known masses of the other particles involved,
one can calculate the threshold energy for the reaction
F¥(p,3n)Ne'’. The threshold would be 25.8 Mev.
Although the backgrounds and low counting rates
prevented the establishment, with high precision, of
the threshold for producing the Ne!® activity, the
activity was solidly in evidence when the incident
proton energy was reduced to 24 Mev. Since this energy
is below the minimum possible energetic threshold for
producing N, we can eliminate that possibility. Even
in the absence of this convincing evidence, one could
feel sure that Ne'” would have much more energetic
positrons (its triad counterpart is NY), and would
assign the new activity to Ne'® on the grounds that it
behaves just as the theory would predict that it should.

367

CONCLUSION

Our value of 3.2 Mev for the upper limit of the beta-
ray spectrum, coupled with the lifetime of 1.6 sec,
gives a log ft value for the decay of Ne'® of 2.94-0.2.
This value clearly places the decay character in the
same class as the other known 4 =472 nuclei. The
only other known nucleus with such a highly allowed
beta decay is HeS$, which has a log ff value of 2.95.
The close agreement between the calculated mass of
Ne!® and the observed upper limit of the positrons
indicates strongly that the transition goes to the ground
state of F18.
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The cross section for the splitting of a photon into two photons in a nuclear electrostatic field has been
calculated from the vacuum polarization Hamiltonian of Euler and others to first order in €2/%c¢ for low-energy
incident photons (p <mc). For a favorable experimental case, photons of energy 840 kev incident on lead
with antiparallel product photons each emitted at 90° relative to the incident photon, the cross section is

2.3X 107 cm?/sterad?.

HE nonlinear terms in the Maxwell equations
arising from the polarization of the vacuum® result

in several interesting effects: coherent photon scattering
by a nuclear electrostatic field,? scattering of photons by
photons,? and photon splitting into two product photons
in a nuclear electrostatic field, the last briefly discussed
by Williams.* The cross sections for the first two

* Assisted by the joint program of the U. S. Office of Naval
Research and U. S. Atomic Energy Commission.
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processes are quite small and hard to verify experi-
mentally, the first because of the difficulty in separating
out the coherent scattering by the nuclear electrostatic
field from other coherent nuclear and atomic-electron
photon scatterings (however, see Wilson®), the second
because of the lack of gamma-ray sources capable of
furnishing enough photons. The cross section for the
third process is no less small, but strong gamma-ray
sources are available, high-Z nuclei furnish relatively
large electrostatic fields, and energy discrimination can
be made to eliminate unwanted inelastic scatterings
which act as a background for the splitting process.

As calculated in the following, the cross section for
the production of two photons oppositely directed and
perpendicular to an original photon of energy 1.65
(in units of mc®—0.84-Mev v of Mn®*) incident on a
nucleus of charge Z=282 is 2.3X10~® cm?/sterad?. (We
use energy units of mc? throughout.) Of the product
photons, nearly all have energy between 0.4 and 1.3

8 R. R. Wilson, Phys. Rev. 90, 720 (1953).
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due to a factor %%k, (a continuous range of energies for
each of the two scattered photons is allowed by the con-
servation flaws: k=ki+k:+K and k=ki+ko4-K*/2M
~ki+ks). In the case of double Compton scattering
from electrons® (a competing process with a cross
section per atom very roughly (27%)a(e®/mc?)?Z=2.4
X 10727 cm?/sterad?), for the same configuration, the
conservation equations for the energies of the two
product photons have the form k=K, ki=k,, and
k+1=k1+ko+ (K?+ 1)1 For k=1.65, these give k1+k,
=0.72. The energy of a single-Compton scattered
photon under these circumstances is 0.62 (random coin-
cidences might compete here because of the relatively
huge cross section). The cross section for double Comp-
ton scattering from nuclei is relatively negligible
(approximately (2n%)~1Z%[ (Ze)?/ AM P kmc?/ AMc*
=~107%7 cm?/sterad?). Thus, by biasing counters to ac-
cept only photons in coincidence with each photon en-
ergy lying between 0.7 and 1.65—0.7=0.95 and requir-
ing that the two energies add to 1.65, most of the
background scattering should be eliminated ; moreover,
if photons are accepted only in this energy range, the
cross section is still about 7X 10~3¢ cm?/sterad?.

This cross section for the splitting of a photon into
two photons has been calculated (in lowest order in a)
for small incident momenta (k<1) from the equivalent
vacuum polarization Hamiltonian of Euler and others:?

Hy=— (2/360x)[ (h/mc)*/mc*][ (D*—B?>+7(D-B)]

of which the contributing terms are (nuclear electro-

static field D,, photon field D,, B,; D=D,+D,,

B=B,):

— (0/180x®) [ (h/mc)?/mc*]
x[2D,)D,-D,—2B,D,-D,+7D,-B,D,-B,].

By using a shielded potential for the nucleus,

D.=—Ze grad{[exp(—r/a) ]/r},
the differential cross section for splitting of the incident
photon of momentum k into two photons of momenta

(ky,k;+dky) in dQ;, ks in dQ, is obtained (wave-
numbers in units of mc/k, a in units of &/mc):

o (h/mc)2Z2k8
32.81-25-7*
¥ (1—x)3(4x*4Bx+C)
1 [RY/2k1/20%
f odx=Qk%Z% cm?*/sterad?
0

g dde 1d9 2=

dxdQdQe cm?,

( "SF.)Mandl and T. Skyrme, Proc. Roy. Soc. (London) 215, 497
1952).

' TH. Euler, reference 1; V. Weisskopf, reference 1; J. Schwinger,
Phys. Rev. 82, 664 (1951).

MARK BOLSTERLI

where K=k—k1—k2, kz=k'—k1, x= k]/k, and A, B, C
are functions of the angles involved, say, cos(k,k;)
=cosf=u; cos(k,ks)=cosf=1; cos(ky,ks)=cosfs=1w.
Then in terms of %, v, and t=1—w,

K22k =tx*+-x(v—u—1)+1—v,
and

A=1578+£(—193+157v+ 1574
— 13902 — 13902+ 157uv)+£(278— 278
—278u-+157v*+1574>— 36uv),

B=—1578+£(193—278v— 361+ 27802 — 157uv)
+¢(— 2784 363v+ 1934 — 278%*— 36u>
+36uv+157uvr— 1574%) + (v—u) (278
—278v—278u~+ 15792+ 15742 — 36uv),

C=(1—v){(184-139)+(85—1219—121u
+157uv)+139— 1399415722
-+ 184%— 314uv+13%%}.

For the particular case 8;=m/2, 0,=7/2, b12=m, Q is
found to be 1.68X 10738 cm?/sterad?. The variation of
Qk°Z? with, for example, deviations of 62 from 7 for
fixed 6,=1/2, 8,=7/2, is relatively slow.

If £>107% A4, B, and C are very small in the region
where the term 1/a%? becomes significant (i.e., as
K2/2k>—0). Then a rough estimate of the total cross
section o (k) is (4)? times the differential cross section for
the configuration above, and works out to be about
0.7X 1025 (h/mc)*Z%kS cm?.

For high-energy incident photons (£>>1), a simple
calculation by the Weizsicker-Williams method,® using
the cross section for high-energy scattering of photons
by photons derived by Achieser,® shows that

o (k) =ba’(h/mc)*Z? log (nk) cm?,

where 7 is of the order of 1; a similar result using a
cruder estimate of the cross section for high-energy
photon-photon scattering [~a*(#/mc)* instead of
~a?(h/mc)?(1/kiks)] has been given by Williams.* If
the expressions for small & and for large % are equated
near k=2, then b~1/2.
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