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Abstract. We calculate the total negative muon capture rate in deuterium using the closure 
approximation, and compare our results with those of Pascual et al who use the impulse 
approximation for computing the capture rate. 

1. Introduction 

Primakoff (1959) has worked out an extensive theory of muon capture in nuclei using 
the closure approximation and this was subsequently modified by Goulard et a1 
(1964) to include relativistic corrections. In a recent publication, Pascual et a1 (1972) have 
computed the total negative muon capture rate in deuterium (A(p)(fH)) in the impulse 
approximation, using the analytical wavefunctions of Gourdin et a1 (1965) for the ground 
state of the deuteron. The result of Pascual et a1 (1972) for the capture rate is in complete 
disagreement with that of Primakoff (1959). In order to investigate this discrepancy we 
compute the muon capture rate (A(p)(fH)) in deuterium, in the closure approximation, 
using the wavefunctions of Gourdin et al (1965). We also use the ‘realistic’ deuteron 
wavefunctions obtained using Ueda and Green (1968) and Reid (1968) soft-core potentials 
for calculating A@)(fH), in order to see the effect of these wavefunctions on the capture 
rate. The ‘realistic’ deuteron wavefunctions of Ueda and Green (1968) and Reid (1968) 
are found to yield good form factor data for the deuteron (Raghavan 1973) and reasonably 
good cross sections for the neutral pion photoproduction (Rao and Raghavan 1973) 
from the deuteron. 

2. Calculation of A(v)(iH) 

In the closure approximation the muon capture rate in deuterium, when the relativistic 
corrections are included is given by (Goulard et a1 1964) 

in which 

In the above equations a denotes the ground state of the deuteron, and x, is the relativistic 
correction. 
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In equation (1) the term (a!+)+ a!-)) called the exclusion principle inhibition factor 
alone requires the explicit consideration of the ground state wavefunction of the deuteron ; 
other terms can be calculated in terms of the known quantities (Goulard et al1964). The 
derivation of equation (2) is based on the assumption that we can factorize the complete 
ground state wavefunction of the deuteron as 

(3) 

where xa is the spin isospin part of the wavefunction and Oa is the spatial part. If the spin 
isospin is normalized, equation (2) can be written as 

(3)  ( 3 ) ;  T ( 3 )  (3) 
$a = la> = Xa(a1  3 g 2  1 9 ~2 P a ( r 1 7  r z ) ,  

(4) 

in which the variable 5 denotes the assembly of position, spin and isospin coordinates. 
The validity of using equations (2) and (4) and the justification for satisfying the spherical 
symmetry of the wavefunction when the D-state admixture is included in the ground state 
wavefunction have been rigorously discussed by Srivastava et a1 (1972), for the 1s shell 
nuclei. 

Our calculated values of A(w)(iH) (for gk)/gy) = 8, where gk) and g t )  are the induced 
pseudoscalar and axial vector muon-dressed nucleon coupling constants) along with those 
of Pascual et a1 (1972) are shown in table 1. A comparison of the values obtained for 
I ~ ( ~ ) ( ? H )  with both the closure and the impulse approximations, for the case of the 
analytical wavefunctions of Gourdin et al(1965), shows that the value obtained with the 
impulse approximation is considerably less than that obtained with the closure approxi- 
mation. The difference between the two values is 21 s-’. It is really surprising to note 
such a large diflerence between the two methods. From table 1 we also see that the closure 
approximation is quite insensitive to the ground state wavefunctions used. 

Table 1. Total p -  capture rate in deuterium for gf ’ /g f ’  = 8. 

Deuteron Closure Value of the Impulse 
wavefunctions approximation integral approximation 

(s- #:+I+ ( - 1  6- a, 

Gourdin et a /  (1965) 133.6 0.6444 112.2: 
Reid (1 968) 134.6 0.6327 
Ueda and Green (1968) 136.9 0.6 142 
Primakoff (1959) 135.0t 0.6400 

t Primakoff (1959) (non-relativistic treatment) 
$ Pascual et nl(1972). 

3. Conclusions 

The values obtained by Pascual et a1 (1972) for A(”)(fH) clearly show that the effect of the 
D-state admixture is more important than the relativistic correction. However, in our 
calculations we find that the inclusion of both the D-state admixture and the relativistic 
corrections are insensitive to the capture rate. We are unable to compare our results with 
experiments, because no reliable experimental measurements for the muon capture rate in 
deuterium are available (Marshak et a1 1969, Pascual et  al 1972). Hence, until reliable 
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experimental results are available it is very difficult to discriminate between the two 
methods (namely, closure and impulse approximations), which are used for computing 
the total muon capture rate for deuterium. 
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