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The cross section for the reaction p+p —» d+W has been recalculated in a relativistic form. The new 
estimate of the cross section is considerably higher than the one given previously by Bernstein. 

TH E study of the reaction p+p —> d+W+ to search 
for the W-raeson has been proposed by Bernstein.1 

We carry out here a relativistic form of the calculation 
of the cross section for this process. However, the pres
ent calculation remains within the approximation of 
Bernstein's work in that the only diagrams considered 
are the neutron exchange diagrams (Fig. 1). 

In evaluating these diagrams the n-p-W vertex func
tion is assumed to be2 
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where g is the dimensionless coupling constant defined 
by g2—GMw2/^/2 and G is the usual Fermi coupling 
constant, Gw2=1.01X10~5. ê  is the spin vector of the 
W meson, normalized to e2= — 1. Momentum-dependent 
form factors and induced pseudoscalar interactions 
are omitted. 

The n-p-d vertex has been studied by Blankenbecler 
et al.ZA I t can be expressed approximately as (neglecting 
tensor components) 
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where C is the charge conjugation matrix, C Y M C - 1 

— ~~7MT> £M IS the deuteron spin vector, £2= — 1, and N 
is proportional to the asymptotic normalization of the 

deuteron wave function. In terms of the deuteron 
binding energy B, define a = (mB)1/2 and N is given by 

N2=32Tfna. (3) 

The expression (2) differs from the form of the vertex 
used in Refs. 3 and 4 in that a projection operator has 
been omitted, but the results are not altered very much 
when this simpler form is used. 

The matrix element for the process p+p—> d+W is 
the product of expressions (1) and (2), summed over 
the spin of the intermediate neutron, and divided by 
the energy denominator. 
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where t= (d—q)2 and u= (d—p)2. 
The differential cross section in the center-of-mass 

system is given by 

da 1 | d | 1 
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which is 
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where in the last line above m has been set equal to one. 
See Fig. 2 for a plot of a. 

The nonrelativistic limit of the above cross section is 
obtained by setting each four-vector in the braces (ex
cept for those in t and u) equal to its rest value (M,0,0,0). 
The result is in agreement with Bernstein's expression.1 

However, for Mw^m the initial protons are always 
relativistic. This leads to large corrections even near 
threshold. 

At high energies the cross section calculated here in
creases in the forward direction as the fourth power of 
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FIG. 2. This figure is a plot of the total production cross section 
for W mesons as calculated from the relativistic formula (solid 
curves) together with some of the nonrelativistic results of Ref. 1 
(dashed curves). The abscissa is the laboratory kinetic energy. 

FIG. 1. These diagrams repre
sent the one-neutron-exchange 
processes in the reaction 
p+p -> d+W. The letters rep
resent the four-momenta. 

the center-of-mass energy. 
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and for other fixed angles it varies as #o2. The large dis
crepancy between the relativistic and the nonrelativistic 
results comes from the fact that the nonrelativistic 
formula omits most of the momentum-dependent factors 
of the relativistic calculation. It seems unlikely, how
ever, that this result can be applied far from threshold. 
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