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The photoelectric part of the angular distribution (4) in the
laboratory system is identical with that obtained by Sommerfeld
for atomic hydrogen, because of the kinematic natuxe of the
retardation effect which is independent of the particular atomic
or nuclear system involved. It is of interest to point out that this
asymmetry sets in at energies as low as 10 Mev, while qualita-
tively one would expect the quadrupole term to play a role around
70 Mev where X=rt.

The data obtained by Fuller' indicate that the total cross
section decreases less rapidly with energy than that given by
Eq, (1), but by fitting at 13 Mev rather than at 7 Mev as he has
done, Kq. (1) is found to yield agreement within the experimental
error. However, the large statistical errors in these data do not
permit any definite conclusions in this respect. (The approximate
expression (2} and the exact calculations of Hu and Massey»
indicate that at energies greater than 20 Mev the cross section
should fall oG less rapidly than indicated by (1), because of the
influence of tensor forces. In the energy range of Fuller's experi-
ments, however, this effect should not be important. ) In Fig. 1
the angular distribution (4) (f(8)), {computed for ken=17 Mev)
in the laboratory system, is compaxed with Fuller's data {F{e}}for
the energy range 14.0 to 20.3 Mev. It is seen that the agxeement
is quite good but the experimental error is too large to justify
any definite conclusions.

results being in agreement with the exact computations of Rarita
and Schwingers):
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where q is the ratio of the D component of the ground state wave
function to the S component at r=r&, and b is given by:
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In the energy region considered, the total cross section is decreased
slightly by the inclusion of tensor forces. For re=2.8X10 "cm,
the correction is less than two percent, and for r& ——1.8)&10 "cm,
the correction is less than five percent.

The angular distribution for unpolarized y-rays, in the center-
of-mass system is given by:t

Ace —8'j
f(e) =a+sin28(1+2P cos8), P=-= — - . (4)
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The term 2P cos8, which is a correction of the first order in P,
arises from interference between electric dipole and electric
quadxupole terms and leads to a distinct asymmetry. f In the
laboratory system the finite momentum of the incident photon
will introduce a further asymmetry. The distribution correspond-
ing to {4) can be obtained by replacing sin'ISI by:
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butions for the photo-disintegration process have been
carried out for square-well radii of 1.8 and 2.8)&10 '3 cm in the
energy range 20-100 Mev, and for zero radius in the range 20-300
Mev on the following assumptions.

(a) The electromagnetic interaction is represented by E f
(rather than A v) and p 8 for electric and magnetic dipole

1000

500

- g=2.8xlO' CfTl——q=I. 8x IO Cfrl
.Q

———r:ocm
Rose 8 Goertzel

Further experiments in this energy region would certainly have
considerable significance, since they would yield information on
the following aspects of the E-P interaction.

(a) Percentage mixture. Rarita and Schwinger and Hu and
Massey have shown that the magnitude of the isotropic term in

Eq. (2) is very sensitive to the choice of mixture. (For zero
percent charge exchange a=0.4 at 17.5 Mev, while for mixtures
near 50-50, a=0.02 including magnetic dipole contributions. }
Furthermore the asymmetry in the angular distribution will be
greater for pure ordinary forces than that given by (4) ~

(b) Range of the E-P interaction. Since the magnitude of the
total cross section (for intermediate energies) depends only on
the triplet well radius and on the deuteron binding energy,
measurements of total cross sections should give a good indication
of the range of the N-P interaction.

A more complete treatment including the influence of the
shape of the interaction potential and a more detailed analysis of
the e6ect of tensor forces is in preparation.

+ AEC Predoctoral Fellow.
t This expression is rigorously correct for zero-range N-P interaction,

but for energies up to 20 Mev it is an excellent approximation for both
square-well and Hulthen potentials.

f. There is some confusion about this asymmetry in the literature. A. Pais
[Kgl. Danske Vid. Sels. Math. -fys. Medd. Bind 20, No. 17 (1943)] and
J. M. Jauch [Phys. Rev. 69, 276 (1946)j conclude that there can be no
interference between terms corresponding to final states of different parity
because such states correspond to different isotopic spin functions. How-
ever, L. Rosenfeld [Nuclear Forces (Interscience Publishers, Inc. , New
York, 1949), Vol. I, p. 47] and others have shown that the inclusion of
isotopic spin and the assumption that proton and neutron are simply
diferent states of the same nucleon leads to the same results in any physical
processes as the assumption that proton and neutron are distinct particles.
We wish to thank Dr. L. L. Foldy for an illuminating discussion of this
isotopic spin formalism.

~ E. G. Fuller, Phys. Rev. 76, 576 (1949).
~ W. Hepner and R. Peierls, Proc. Roy. Soc. A181, 43 (1942).
~ W. Rarita and J. Schwinger, Phys. Rev. S9, 436, 556 (1941).
4 Tsi-Ming Hu and H. S. W. Massey, Proc. Roy. Soc. A196, 135 (1949).
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FK'. 1. Comparison of the angular distribution f(8) with Fuller's data
F(8}in the energy range 14.0 to 20.3 Mev. Fro. 1.Total cross section.
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Fic. 3.. Angular distribution.
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