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Double-vertex contribution to the decay rate of orthopositronium*

Michael A. Stroscio

(Received 13 March 1975)

The recently calculated decay rate of orthopositronium differs with the experimental value by 22 stan-
dard deviations. This communication reports a 100-fold improvement in the numerical error estimate
for the double-vertex diagram contribution to the decay rate. This improvement reduces the numerical
error estimate of the previously calculated decay rate of orthopositronium by 20%. This improvement
of the double-vertex diagrams alone does not bring the experimental and calculated values into good
agreement; however, the discrepancy is reduced.

The decay rate of orthopositronium as calcu-
lated from the Feynman diagram in Fig. 1 is'

I', = (2/9m)(o. 'mc'/K)(w' —9)

contributions depicted in Fig. 2. The double-
vertex diagram contributions given in Ref. 6 con-
tribute (in the Feynman gauge) in the amount

= (0.72112+ 0.00001)&& 10' sec ', r'„. =(-3.4~0.4)(u/w)r, . (4)

where I"0 is the reciprocal of the orthopositronium
lifetime and the error estimate is due to the un-
certainty in the fundamental constants:
n '=137.03602(21), m=0. 5110041(16)MeV, and
S'=6.582183(22)X1022 MeVsec. ' The decay rate
of orthopositronium has been measured' with an
accuracy that is sensitive to the lowest-order
radiative corrections to Eq. (1). Recently, these
lowest-order radiative corrections have been
calculated. ' ' The result is' 1 „„=( —3.355m 0.003)(a/m)I"0. (5)

The calculation of the diagrams in Fig. 2 was
accomplished by using the symbol-manipulating
program REDUCE' for most of the algebraic cal-
culations, and Gauss-Legendre integration al-
gorithms to perform some of the necessary in-
tegrations (other integrals were done by hand).
In the present work an improvement in the inte-
gration algorithms yields a new value for Eq. (4)
given by (in the Feynman gauge)

I" = I', [1+(o./~)(1. 8+ 0.6)j

=(0.7241+ 0.0010)X107 sec '.
This may be compared with the experimental
value of Beers and Hughes, '

I',„„=(0.7275 + 0.0015)&10' sec '.

(2)

(3)

This improved value allows a redetermination of
the decay rate given in Eq. (2).

Substituting the value in Eq. (5) for the value
in Eq. (4) into Eq. (2) gives the result for the
total decay rate of

I' = I'o[1+ (o./m)(1. 86m 0.45)j

There is thus a discrepancy in the amount of
approximately 2 & standard deviations in the ex-
perimenta1. error.

In view of this discrepancy there is a need to
reduce the numerical estimates that lead to the
error estimate in Eq. (2). This communication
reports a 100-fold improvement in the numerical.
error estimates for the double-vertex diagram

=(0.7242m 0.0008) &&10' sec '. (6)
In conclusion, it is observed that the improved

value of the double-vertex diagram contributions
yields a numerical error estimate in Eq. (6) which
is 20$ smaller than that in Eq. (2). The new
result given to high accuracy in Eq. (5) is neces-
sary for a high-precision test of quantum electro-
dynamics.

FIG. 1. Feynman diagram contributing to the lowest-
order decay rate of orthopositronium. There are a
total of six such diagrams, one for each of the photon
permutations. Time increases from right to left.

FIG. 2. Feynman diagrams contributing to the lowest-
order double-vertex corrections to the decay rate of
orthopositronium. There are six such diagrams for each
of the diagrams above, one for each of the photon per-
mutations. Time increases from right to left.
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*The work was begun at Yale University and was sup-
ported in part by the Air Force Office of Scientific Re-
search, AFSC, under AFOSR Contract No.
F44620-70- C-0091.
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