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On the Capture of Thermal Neutrons by Deuterons

Recent experiments' on the radiative capture of thermal
neutrons by deuterons indicate as an upper limit for the
cross section 3 X 10 "cm'. The calculations for this process
are readily carried through with the results of a recent
paper' on the elastic scattering of neutrons by deuterons.
The notation, coordinate systeni, and numerical values
used here are the same as those used in reference 2.

The initial state (including the exchange wave) anti-
symmetric in the neutrons (particles 1 and 2) is

p' = (1/v2) (x(ri3) p0(r23) 5(123) —x(r23) $0(r13)5(213)j;
x( ) = +(~/ )( —e ""); 40( ) =(a'i~)'

where the S's are the quartet and doublet spin functions
given in Eq. (19) of reference 2. We have (in nuclear units)
a =3.236, e0 ——5.701, d, = —0.916 for the quartet state, and
6= —0.381 for the doublet state. The final II3 bound states
are

P~)'=uR~)+vR'~ $, &$ = (1/&2) L(+ —+)—( —++)j;
&-g = (1/~2) L(+ ——) —( —+ —)3
~k'= (&/v'6) [(+—+)+(—++)—2(++ —) 3;

R',* = (1/V'6) I 2( ——+)—(—+—) —(+——)j;
the space functions u and v are, respectively, syrnnietric
and antisymmetric in the neutrons. The initial quartet and
doublet states can be written

fq' (1/v2)I Sq(123) i Pp (1/2%2) f+3I+R) I R&

I = X(r13)4 0(r23) +X(r23) 4 0(r13) .

The orthogonality condition requires that g//3 (u, I+)
—(v,I ) =0; also (u,I ) = (v, I+) =0.

At thermal energies, the transition occurs under the
influence of the magnetic diPole G =g„(cri+ e2) +gpe3.
The mean transition probability is given in terms of

&'= aZZ(2I(a-', G*oj) I'+ l(o-', ~Ad') I'},

and the inverse mean life of a thermal neutron before
capture is'

(1/r) =n(m~/mp) (W~ e h/6mmp c )6'
here, ri is the number of deuterons per cc of absorber, W,
is the energy in nuclear units (12.2 m, c2) given up to the
photon, and 62 is in nuclear units. With the help of the
orthogonality condition, it can be shown that

&'-(~/&8)(a- —a )'I21(~,~. ) I
"+l(~1~ ) I'}.

Ke take for u the normalized function of the form'
e-&(+i3+"23+q'"i2) with p =2.604 and 0 =0.8. To estimate v,

which-is probably small, we write it as v = (Xp/2) (r13 r23)u,
where X is a numerical factor. The calculations of Rarita
and Present' indicate that X=0.013; although this value
certainly will not be exact for our case, it serves to give an
order of magnitude.

The integrals (v,I ) can be estimated ~ with g„=—4.0
and g„=5.7 we obtain (1/~) —50 sec. ' for D20 (n =6.7
X 1022 deuterons per cc).This estimate is probably an upper
limit to the inverse mean life. For thermal neutrons (mean
velocity 250,000 cm/sec. ), this corresponds to a cross section
for capture of 0.3 X 10 "cm . This is well within the ob-
served' upper limit of 3 X 10 " cm', and indicates that
the capture process is likely to be too improbable to be
observed experimentally.

I am indebted to Professor G. Breit for valuable discus-
sion of the properties of the spin transitions. These calcu-
lations arose through discussion with Professor Philip M.
Morse, whom I wish to thank.
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Erratum: Some Lattice Sums Involved in the Calculation
of Elastic Constants

(Phys. Rev. 50, 99 (1936))

In our letter of May 26, 1936 entitled "Some Lattice
Sums Involved in the Calculation of Elastic Constants"
an error occurred in the calculation of the electrostatic
part of C» for the CsCl type lattice from C» and Made-
lung's constant. The contribution to Cii remains unchanged

A '& = (e2/84) X 2.1253

whereas the revised value of Ci2 is

&&'& = —(e'/~') X2.0803.
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