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The experimental investigation of I" -meson capture in He3 is of great importance 

for checking the universal weak interaction theory. However, the muon-nucleon interaction 

constant can be determined exactly only in the case when the mean-square radius of transi

tion He) .. HJ, < HJI r 2 t He) > is known. The theoretical calculations of this value de-

pend on the choice of the nucleon-nucleon interaction potential and of the nuclear model. 

Calculations carried out by Werntzlll and Fujii and Primakoffl 21 yield different results. 

Following Werntz 
. -lJ = 1.56.10 em, Fujii and Primakoff have obtained -11 

r .. 1.78.10 em. 

The aim of the present note is to show that can be claulated if we know the ratio of 

Panofsky for He., PHe' i.e. the ratio of the probabilities of the processes 

The caloul~tion is based on the following assumptions: a) the " -meson capture is con

sidered in terms of the impulse approximation; b) in the nuclear wave function only the 

s-wave is taken into account. 

Following I. PomeranchuklJI the " -meson capture in hydrogen will be described by • 

phenomenological potentials: a 8(i - r) 
p " 

for process rr-+p~n + rr 0 _ b_ (aeJ s r-;.- 1 J v w p " 

for process " + p .. n + y , where '· is the " -meson coordinate, rp is the proton 

coordinate, w is the y -quantum energy, e is the unit vector of the y -quantum po-

larization, a and b are constants. The ratio I a/ '; I b/ ' is easily expressed in terms 

of the Panofsky ratio for hydrogen, which is measured with great accuracy. The Panofsky 

ratio for hydrogen according to the V.'!' Cecconi data1 4 1 is PH= 1,5J ~ Q .• o2. 

The nuclear wave functions He 3 , HJ are 

where 
X

1
= fr(2a1a1 b3- a1b183- b1a,a,J 

,_ 1 ( b -b ) X -'f2a 1 ,a3 18183 

8 is the state of nucleon with the spin projection+ 1/2, 

b
1 

is the state with the spin projection - 1/2, ,; 1 

milar way in the isotopic spin spacel 6 1, 

f" are constructed in a si-

1/1 (r 1 I r ,~ r 3 ) is symmetrical in all three coordinates. After having calculated the 

matrix elements of 

e a f 8( r-r)r-
l=t I I 
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and 
3 • 

II = ~b- ~ o ( r - r )(u e) ,-
y VW I = I I I I 

it is not difficult to get 

p 
Ho 

p V BJL±_~ ~H 
H EH(fi + .11) 3 m w 

M +w 

m + W H /<e lkt >f ' 

where m is the neutron mass, r.t is the tritium mass, 11 is the "0 -meson mass, 

E = 4 1 06 MeV is the kinetic energy of HJ and rr 0 , EH = J,J MeV is the kinetic energy 

of n and " 0 w = 1J5 ,so MeV is the y quantUm energy in process " + IIe
3 ~ TI ' + y 

W H 129,46 MeV is the y quantum energy is process -TT+p ..... n +y 

The exponent in the matrix element can be expanded in power series 

< e "' > = 1 -__1_ k 2 < r2 > +i k 4 <r 4 > - L k 6 <r "> 
.3 ! 5.' 7.' 

We restrict ourselves to the three first terms of the expansion; < r 4> and < r
6 > may be 

approximately expressed in terms of < r 2 > • We take I/J (r
1
,r

2
,r

3
) as a product of some 

single-particle functions 

1/J (r
1

, r 2 , r
3

) = c/> (r
1

) ¢ (r
2

) ¢ (r
3

) 

The estimates < r 4 > and < r 6 > depend mainly on the behaviour of ¢ ( r) for large 

For ¢=e-ar we obtain < r 4> = _s_ < r 2 > 2 

2 
< r 6 > = .Jj < r 2> 3 

; for 
3 

c/> = e - a ,• we obtain 

< r '> = J.- < r 2 > 2 , < r 6 > = ~ < r 2 > 3 for 
3 9 

c/>=O (r-ll) we get < r 4 >= 2_~ < r 2 > 2 ,< r'6 >= 125 < r '> 3 • 

21 81 

Calculations show that /< e"1 > I 2 changes about by J% due to the choice of c/> (rJ and 

about J% due to term k 6 r 6 • It should be noted that these estimations are carried 

out for -lJ = 1,5.10 em, for smaller radius the error decreases down to 1%. The Panofs-

ky ratio for helium at different 
-lJ PH• = 2 1 47; r = 1 178.10 em p 

is: 

Ho 

Preliminary experiment results on the 

-lJ 1 146.10 om, PH• 

2 ,71. 

2 ,J7; 

" -capture in HeJ 15 1 yield 

-11 1,56.10 em~ 

Pue=2,16;t0,28. 

This value of the Panofsky ratio for helium corresponds to the radius of transition 

+ O,JO 
r ( • 1 124 -0,46 J • 10-lJ em. 

We note once again that calculations are carried out in terms of the impulse approxi

mation. An independent determination of the root-mean-square radius in electron scattering 

experiments on He is of great interest both for the theory of fi -capture in HeJ and the 

check of the applicability of the impulse approximation in the theory of " -capture in 

HeJ. 

In conclusion the author expresses his gratitute to R.M. Suliaev and s.s. Gershtein 
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for stimulating this work , I thank also Yu.A. Shcherbakov and I.v. Falomkin for the dis

cussions and valuable remarks. 
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