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The cross sections for J.1. - meson capture by helium isotope nuclei from the ground state of pJ.1. and 
dJ.1. mesic atoms are calculated. The calculation results are compared with theoretical and experi
mental estimates. The perturbed stationary state method is employed in the calculations. The self
consistency of the method and its accuracy in practical calculations have been discussed in previous 
papers of the authors. 

1. Calculation of the charge- exchange reaction 

(Pit),. + He++ -+ (He 1-1)"+ + p, (1) 

i.e., of the transfer of a 11 - meson from the ground state 
of the Pll atom into the ground state of the (He 11 r atom 
is of interest for two reasons. First, the experimental 
studies of this process l1J do not lead as yet to un
ambiguous conclusions with respect to its velocity. 
From the theoretical point of view, the reaction (1) is of 
interest as an example of scattering in a system of 
three charged particles without degeneracy, which is 
characteristic of the symmetrical charge exchange of 
the Pll + P type. A feature of the process (1) is Coulomb 
repulsion in the final state. 

2. The two-level approximation of the method of per
turbed stationary states (PSS)[2J in the case of reaction 
(1) leads to a system of Schrodinger equations for the 
relative motion of the nuclei (in mesic-atom units, e = h 
= Mil = 1): 

d'X'+[k:_2M(V'(R)+2.)_ L(L+1)] . (2) 
dR' m R R' X, 

dx; = K,;(R)x;+ 2Q,;(R)-, 
dR 

where 

11 M = 1 1M, + 11 AI" 1/ m = 11 M. + 11 (M, + M,). 

M1, M 2, and MI-' are the respective masses of the proton, 
helium nucleus, and meson, 

V,(R) = E,(R) - E,(oo) + (m 12M) [K,,(R) - K,,(oo)], (3) 

The effective potentials Ei (R), Kij (R) and Qij (R) are 
calculated by solving the two- center problem, i. e., the 
problem of meson motion in the field of two immobile 
nuclei [3J . They are illustrated in Figs. 1 and 2. 

As R - co, the function Xl(R) represents the left-hand 
side of the reaction (1) and the function X2(R) its right
hand side. The momenta ki in the two reaction channels 
are defined by 

k,'=(2Mlm)e, k,'=k,'+k;', k.'=(2Mlm)I'J.E, (4) 

where 

IJ.E = E, - E, = m{'/, - (m 12M) [(x - 1)' - 'I,(x + 1)']}, 
x = (111, -M.) I (M, + M,) 

the elements tij of the reaction matrix T, in terms of 
which the partial cross sections 0ij of different chan
nels of the reaction in the system p~ + He++ are ex
pressed in the following manner l6 ,7 1) 

L 4rt D'6;J + (t'/) 2 
(J =-(2L+1)---'---,-~--

'J k.' (D-1)'+(t,,L+t,,L)' (5) 

In the notation employed, the cross section a 11 describes 
the process of elastic scattering in the system Pll + He++, 
and the cross section 012 the reaction (1). As kl - 0 we 
get t12 = t21 ~ k1, tll ~ k1, and accordingly 

(6) 
In the analysiS of the experimental data on the reaction 
(1), it is convenient to use in place of the cross section 
012 the transfer rate 

(7) 

where VI is the initial relative velocity of Pll and He+., 
and ~ = 4.2 X 1022 cm-3 is the density of liquid hydro
gen. 

The cross sections were calculated for collision en
ergies 10-2 eV::S E::S 1 eV. At E::S 0.1 eV, the rates of 
the transfer of the J.1. - meson from the proton (deuteron) 
to He3 and He4 are constant. Their values together with 
the experimental [IJ and theoretical [~J estimates are 
listed in the table. As expected, the calculated rates are 
small. With increasing collision energy, the values of A 
begin to decrease. For estimates it may be useful to 
have the dependence of A on the particle masses: 

(8) 

which follows from (4), (6), and (7). Such an estimate is 
particularly well satisfied when the hydrogen-isotope 
mass is constant. 

4. In view of the smallness of the transfer constant 
A, we estimated the probability of the transfer of the 
meson from the 1s level of the Pll atom to the excited 
2s level of the (He Ilr atom: 

(PI-I) " + He++-+ (He 1-1)2.+ + p. (9) 

It turns out that the probability of this process at 
thermal collision energies is ~ 10-10 of the probability 

and E is the initial collision energy. _o_f _th_e_pr_o_c_ess (1). 

3. The system (2) is solved by the phase-function 1)The scattering matrix is connected with the T matrix by the re-
method L5J , which makes it possible to determine directly lation S = (I + iT)(l-iTfl. 
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FIG. I. Eigenvalues (terms) WieR) = 
Ej(R) + 2/R of the pJ.lHe++ system. The 
term 2pa corresponds asymptotically 
to the system PJ.l + He++, and the 
terms I sa and 2sa to the states of the 
system p + (HeJ.l)+. The asymptotic 
form of the terns as R .... 00 is calcu
lated in [4] accurate to terms -R-lI. 

l/fi. 

c 
-0, 5 L-_________ -" 

FIG. 2. Adiabatic corrections to the terms WieR) in the reaction (I): 

Kij = Klj) + xKI;) + x2K);'>' Qij ~ Qlj) + xQ\j), KIf) = lIlt) +:dQ\j=)jdll, 

Qlf)=-Q)r), III1d =HJr), 
x=(M,-Ml)/(M,+Ml), i={lso}, i=(2po) 

5. Figure 3 shows the cross section all of the elastic 
scattering process PM + He3 , for which there is a clearly 
pronounced Ramsauer-Townsend effect. With the excep
tion of the region where the cross section has a mini
mum (E ~ 0.2 eV), the main contribution to the cross 
section all is made by the s wave. It should be noted 
that the scattering-length approximation for all is 
reached only at E:5 10- 4 eV. A special investigation 
has shown that the energy dependence of the cross sec-

FIG. 3. Cross section for the elastic 
scattering (pJ.lhs + He++. The lower 
curve a~1 is the contribution of the s
wave, and the upper curve is the sum 
of the partial cross sections of the s-

#0 

and p-waves. The Ramsauer-Townsend 20 
effect is observed at a collision energy 
€ "" 0.2 eV. Owing to the coupling of 
the channels, the cross section a~ 1 does 
not vanish [10]. 

-3 

tion a 11 is practically insensitive to the second channel 
of the system (2) and is determined entirely by the ef
fective potential V l(R) in the equation for X l(R). The 
minimum in the cross section all is due to the charac
teristic long-range asymptotic form of the potential 
V1(R) "" - 9/R4 at R ~ 00[4J. 

6. The Coulomb repulsion in the second channel of 
the reaction (1) leads in the phase- function method to 
the following expression for the T -matrix: 

T= 1. (fll(COSIl-I"Si~Il)-t"'sinll _ I" 
cosll- t"sm Il t" t"cosll+sinll 

(10) 

where 0 = 0L = arg r(L + 1- i17), 17 = M/mkz , a~ ttj 
are the matrix elements of the auxiliary matrix T 
defined in [7J. Formulas (10) take into account the inter
ference of pure Coulomb scattering and scattering by 
the potentials V1(R). In the elastic channel, this effect 
prevents the vanishing of the cross section all, which 
would occur in the case of single- channel scattering 
(Fig. 3). 

7. The small rates of reactions of the type (1) is due 
to the absence of term crossings and pseudocrossings 
in the PM He++ system l·a, 9J. This conclusion, however, 
is valid only for transitions from the ground state of the 
PM atom (Fig. 1). One of us has shown[9J that pseudo
crossings take place in meson transfers from the levels 

n;;'" [1- (2';' -1) (1 + 2'1,)'{,]-1 ~ 5 

of the mesic atom PM, and consequently the correspond
ing transfer rates A may turn out to be appreciable. An 
experimental study of the 7T-- meson transfer processes 
in accordance with the reaction P7T- + He H ~ (He 7T)' 
+ pL 10J confirms this conclusion. 

The present study is a continuation of the authors' 
research on mesic-atom processes[6J. The features of 
the employed methods were discussed by us in detail 
earlier[7,llJ. One of the authors (A. V. M.) is grateful 
to H. Schultz for kind collaboration with the numerical 
calculations. 
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