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A formula is obtained for yv correlation in allowed capture of IJ. mesons by the B 10 nucleus. 
Hyperfine splitting of levels of the mesic atom is taken into account. It is shown that y v 
correlation during capture of unpolarized IJ. mesons is very sensitive to the pseudoscalar 
interaction contribution and depends weakly on the nuclear structure. 

IN an earlier investigation [ 1] devoted to angular 
y v correlation in nuclear muon capture, a general 
correlation formula was obtained for partial tran­
sitions of any degree of forbiddenness. It-was 
shown that the yv ·correlation in the case of al­
lowed capture of an unpolarized muon is very sen­
sitive to the contribution of the pseudoscalar inter­
action, reaching ~ 20% in the transition o± 1!:. 1± 
L 1 for Cp/CA ~ 8 (Cp and CA are the constants 
of the pseudo scalar and axial-vector interactions, 
respectively). tl However, analysis of the excitation 
levels of the daughter nucleus, produced in the case 
of an allowed capture of a muon by a light stable 
nucleus, makes it possible at present to investigate 
experimentally only the transition 3+ 1!:. 2+ .4 o+' 
corresponding to capture of a muon by the B10 

nucleus with excitation of the first level of the Be 10 

nucleus, which emits a 3.368-MeV gamma quantum. 
The y v correlation in the case of allowed 

1J. -capture is determined by the formula [ 1] * 
W = 1- acrn- ~p~ (kn) + 11 [(kcr) (kn) -+an], 

where a -average vector for the muon polarization 
at the instant of capture, n and k-unit vectors in 
the direction of emission of the recoil nucleus and 
of the gamma quantum, respectively, and P 2 ( k · n)­
Legendre polynomial. Taking into account the effect 
of the hyperfine splitting of the ·levels of the mesic 
atom in the case of the 3+.!!:.. 2+ L o+ transitions, 
the coefficients a, {3, and fJ have the following 
form: 

aW =_1__l1-2~-(·1-CP+2(l+ft -ft)Cv) 
0 6 .\1 • C A L r• n C A 

1 ( q Cp \ 'l ~l :2 q \' . • I 1 'I (\. 
- :f . -/J c~ I J - 3 J1 ~. 11 (ap) <fl:,' 2M c--::;: 

x ~ [ rp] <fl:, - ~ q2 (~ r (ra) ~:p 1 , --{- \ r2 a~:p 1,) J(~ a~:p 1,f', 

!)The yv correlation coefficient has the largest value in 
the transition o± ~> 1 ± .2,. 0, which reaches 'V 40% when 
CpfCA ""8. 

*[rp] = r x p. 

Here W0 coincides, apart from a common factor, 
with the J.l. -capture probability [ 2] • 

q (. cP c,.) 
W 0 = 1 + C.I\'1 1 - C A- 2 (1 + ftp - !-ln) CA 

1(·qcp) 2 2q[Cv·· I·]· +3 2MCA -3M cJfrp]<pp.- .) 1r (ap)<pp 

q-neutrino energy, M-nucleon mass. 
Naturally, the expressions for {3 and W0 coin­

cide with the corresponding expressions from 
earlier investigation [ 1], where no account was 
taken of the hyperfine interaction, the only excep­
tion being that here we did not neglect the terms 
~ (qCp/MCA) 2 and did not confine ourselves to the 
first terms in the expansions of the Bessel func­
tions in all the nuclear matrix elements. 

The nuclear matrix elements are determined in 
the following manner: 

We present the values of Oi for different nu­
clear matrix elements: 
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~ O'<pp.: 

~ [rp] <pp.: 

~ r (ap) <pp.: 

\ 1 \ . ( ) 5 VZ C yr J r (ra) cp 1,- ::1 J r 20'ftil': /2 qr --;;-- 10' 1A; 

Cr = rc);~;rAr1 • 

As before [1], we have used here the following nota­
tion: ljJ joJ..!o and ljJ j 1J-! 1-wave functions of the initial 
and final nucleus, T-operator for the conversion 
of a proton into a neutron, J-!p, J-!n-anomalo~s mag­
netic moments of the proton and neutron, Y LA­
spherical vector, C~~b/3-Clebsch-Gordan coeffi­
cient, h (qr) -spherical Bessel function, a-Pauli 
matrix, m-reduced mass of muon in mesic atom, 
Z -charge of nucleus, 0! -fine structure constant, 
p-differential nucleon momentum operator. When 
the exponential is replaced by unity and only the 
first terms in the Bessel-function expansion are 
retained ( cpJ..! - 1), we obtain the nuclear matrix 
elements in the Konopinski-Uhlenbeck notation. 

In order to estimate the nuclear matrix elements 

n'o: 
De'o: 

J 
q 
,) 

2 

T (ps/2)" 
0 0. 790 
1 0.707 

(p3 /2)53 /2 1 /z 
() 

O.OlOR 

The single-particle matrix elements were ob­
tained in the same way as by Rose and Osborn [4]. 

To calculate the matrix elements between the 
states under consideration we have used the Racah 
procedure with fractional parentage coefficients 
(% 6 1% 5) and (% 5 1% 4), given by Balashov[sJ. 
Of course, the use of forces of a different type leads 
to somewhat different quantities, but the discrepancy 
cannot be appreciable. 

As a result of the calculation we find that the 
probability of the considered capture of a muon by 
a B10 nucleus is equal to ~ 0.8 x 103 sec-1• To 
calculate the angular asymmetry of the recoil nuc­
lei and the correlation ~ (k · <r) (k · n) it is neces­
sary to estimate the degree of longitudinal polar­
ization of the muon at the instant of capture. If we 
neglect the hyperfine interaction prior to the land­
ing of the muon on the K shell, then it is correct to 
use the formula for the muon polarization at the 
instant of capture, given, for example, in the paper 
by Shapiro and Blokhintsev [ 6]. In the case of cap­
ture of a muon by a B10 nucleus we have I 0' I ~ 6%, 
0! I 0' I ~ 5% and 1/ I 0' I ~ 1% in a wide range of 
variation of Cp/C A- In the case of prior depolar­
ization of the muon beam, only the correlation 
contribution ~ P 2 (k · n) remains. The dependence 

it is necessary to take into account the mixing of 
the configurations in the ground states of the initial 
and final nuclei. As shown by Kurath [3], it is quite 
large. Thus, for example, for the B10 nucleus the 
weights of the different configurations are accord­
ing to Kurath as follows: 

(p"/,) 6 (P3/2)5 (P3 /z)4 (p3 /z)3 (p3 /zl" 
0.654 0.225 0.108 0.011 0.0001 

We consider admixtures with only one nucleon 
in the p 112 state, since, first, admixtures with two 
and more excited nucleons are small and, second, 
they make no contribution to the total matrix ele­
ments via the principal configurations (p% )6 , 

since 

((p 3/2) 6 .IT i oi I (p 3/2) 4 J'T' (p 1/zr J"T": .lo To) = 0 

(JT -spatial and isotopic spins). The mixing coeffi­
cients were obtained by diagonalizing the energy 
matrices for the residual interaction of the type 
considered by Kurath. 

We thus obtain the following values of the weights 
of the different configurations in the states of B10 

and Be 10 in question: 

(p"/2)" 'I" 'h 
0.0713 
0.221 

(psf,)' 3f, s;, 
0 

0.006:~:-\ 

of the coefficient (3 on the nuclear matrix elements 
is contained in 6., 2l which, using the nuclear ma­
trix elements which we have calculated, is found to 
be equal to 1.9. Thus, the correction without the 
pseudoscalar interaction and the "weak magnetism" 
amounts to ~ 20% of the total effect. 

The figure shows the dependences of (3 on the 
pseudoscalar constant. Curve 1 was calculated 
without account of the nuclear matrix elements 
( 6. = 0); curve 2 corresponds to the most probable 
value 6. = 1.9 which we calculated for the 
B10 !!:.. Be 10* transition; curve 3 gives an exaggera­
ted upper limit at b. = 3, corresponding to the 
maximum possible value of the ratios of the nu­
clear matrix elements obtained without account of 
the nuclear structure. As can be seen from this 
figure, even considerable deviations from curve 2 
(curves 1 and 3) leave an uncertainty on the order 
of 30% in the quantity Cp/C A> due to the nuclear 
structure, (with the exception of the values deter­
mined near the maximum of the curves, Cp/CA 
~ 20). In the cp.lculation we used J-!p - J..!n = 3. 7. 
In the absence of "weak magnetism" and of pseudo-

2)The contribution of the nuclear matrix elements in W0 is 
very Sll),all. 
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Dependence of the correlation coefficient on Cp/CA, cal­
culated for the following values of .:1: 1- 0, 2- 1.9, and 3-3. 

scalar interaction, f3 R: 1% (~ = 1.9). The curves 
(3 indicate that the study of the y v correlation 
gives a double-valued result in the determination 
of Cp/CA 3l. In order to exclude such an ambiguity, 
it is desirable to investigate, for example, the 
asymmetry of the recoil nuclei following capture 
of muons in He3 or hydrogen [ 7]. The present ex­
perimental accuracy with which (3 is determined 
does not exceed ~ 10-20%. 

For a sufficiently small correlation coefficient 
( < 6%) this does not lead to a large error in the 
two possible values of Cp/CA· However, the un­
certainty in Cp/CA increases noticeably in the 
region of maximal (3, so that the experimental 
value of the correlation coefficient corresponds 
here to a rather broad region of values of Cp/CA· 
The indicated uncertainty is much smaller in tran­
sitions which have a high coefficient of yv corre­
lation. We can hope to observe such transitions in 
some light nuclei, if it turns out that the hitherto 
unmeasured spins and parities have favorable val­
ues. This pertains, first of all, to the transition 

CI3 (1;2-) _I:"> J313' (??) ~ Bl3 (% -) 

(Ey is equal to 3.70 or 4.16 MeV). In this case, if 
the values of the ·spin and parity of one of the indi­
cated excited levels of the B13 nucleus turn out to 
be equal to 3/2-, the coefficient of y v correlation 
will be large, and the curve of the values of (3 can 
be obtained from the curve shown in the figure if 
each value of the correlation coefficient is in-

3>An analogous ambiguity took place also in the study of 
the probability of wcapture, the angular asymmetry of the re­
coil nuclei in the capture by nuclei with spin zero, and the 
anisotropy of the.neutrons of the direct process. 

creased by approximately 2.7 times. In this case, 
at an experimental error in (3 on the order of 
10-20%, we can obtain two possible values of 
Cp/CA with very high accuracy, including also a 
value Cp/C A ~ 20 in the region of the maximum 
of the curve. If in the transition 

B11 e;n ~ Be11* (r) .2.. Be11 (?f-) 

( Ey = 0.32 MeV) the value of the spin of the ground 
level of the Be11 is 3/2 and that of the excited level 
is 3/2 or 5/2, and if in the transition 

Ql7 (% _,.) ~ Nl'' (??) .2,. Nl7 e;2-) 

the values of the spin and parity of one of the ex­
cited levels of the N17 nucleus turn out to be 5/2+, 
then the values of (3 are obtained by increasing 
the corresponding values in the figure by a factor 
of approximately 2. 

Thus, a study of the y v correlations in the case 
of 11-capture in the nuclei mentioned here could 
yield at suitable values of the spin and parities of 
the levels, much more accurate information on the 
pseudoscalar compared with capture in B10• In 
these cases, however, a study of the y v correla­
tion must be preceded by measurement of the spins 
and parities of the levels of interest to us. 

We note that the correlation P 2 (k · n) takes 
place only in the presence of correction terms 
(which are determined by the interference of the 
s and d waves of the neutrino or only by the neu­
trino d-wave), which causes, along with the strong 
dependence on the pseudoscalar, also a weak de­
pendence of the correlation coefficient on the nu­
clear structure (particularly in the case of a pure 
Gamow-Teller transition). By virtue of this, and 
also in view of the independence of the correlation 
on the muon polarization, the proposed experi­
ment has apparently many advantages over other 
experiments on nuclear 11-capture. 

In conclusion we note that an analysis of the ex­
citation spectra of light nuclei indicates a possi­
bility of investigating y v correlations in the case 
of forbidden 11-capture, with the correlation coeffi­
cient reaching ~ 50% in the transitions 4) 

1 , ~> 1·· .2,. 0 (J-L + Nl4 -> (;tl· + v), 

o± _t',.1 + .2..1 (J-L + Cl2 -> J312• + v). 

In this case in the transition o± J:1:.. 1 'f there is no 
pseudoscalar, but there is a contribution of the 
"weak magnetism." However, an interpretation of 
the experimental data in the case of forbidden tran-

4 )The second transition is possible if spin and parity val­
ues corresponding to 1"[•) are confirmed for the 1.67 MeV level 
of the B12 nucleus. 
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sition is generally speaking difficult, since the 
pseudoscalar and the "weak magnetism" enter 
into the expression for the y v correlation with a 
factor q/M relative to the main contribution, which 
contains several ratios of the nuclear matrix ele­
ments. 

The authors are deeply grateful to I. M. Shmush­
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Mukhin and R. M. Sulyayev for useful discussions. 
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