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I. The enerRy levels of tile bound stntcs of the mesic molecules of hydrogen isotopes with 
spntinl pnrity X = ( -1)  ' nre cnlculntcd with high accurncy in diffcrent nppronches [1.21 at 
prcscnt time. Beside the shove stntcs then nre some metnstable P-atntca with the positive p ~ i t y  
( X - - (-1) .', J = 1). Some ndinbntic estimntions of these atntes hnve been presented in 
ref 131, 

l'llls paper Is tlcvoted to v~~rintlonr~l cnlcc~l~~tlon of tneslc molecule metnstnhlc P-atntes with 
tllc uaclgc of the epprol~ch tkvelopcd In refs (431. 

2. llnmiltoninn of the mcsic rnolcculc consisting of the nuclei a and b of the hydrogen 
isotopcs (n.h=p.d or t ) nnd n negntivc churged muon c=lr in Jncobi cnnrdinntes have the form 
( c  - 11 - 111, .- 1): 

Here R is the posltion vector of nucleus a relative to nucleus h with the masses M a  2 A{,. 
r la the pnsitlon vector of muon c wlth the mnss III, relntive to the center mnsa of the nuclel. 
ll ,c opcrntors of totnl orbltol momentum J 1 ,  Its pnljectlon J z  onto the rpnce-fixed axla 2 and 
the opemtor of the totel sputinl inverse P,,, are commuted with Ilnmiltonlnn (I). The existence 
of these integrals of motion allows us to repnrate bound states with the diffcrent spntial pnrity 
X = (-1) .' and X = - (-1) for the fixed values of the total orbital momentum J. 

l l ~ e  binding energy c J A  of a mcsic molecule is defined by the difference -c , = 

( E  - E n , )  (a.ci.) of the totnl energy E and the dissocintion threshold E n ,  = - nt /2n a,". 
( a  

where nim is the reduced muon muss of atotn (ac) . For the calculntions of the bound states with 
t l~c  sprtinl pnrity X = (-1) this threshold hn! to be e q u ~ ~ l  to the cnergy of the pound stnte of 
tlie mesic atom (ac). For the calculations of the metnstnble P-states with the pnrity X = - (-1) .' 
the binding energy has to be set to the cnergy of the exited mesoatom state with the principal 
qunntum number n=Z. At thnt the mesic molecule wnve function of these stntcs hns the form [6]: 

where B 1 2  Is the angle between the posltlon v c c t a  R nnd r. 

3. For the solutlon of the elgcnvnlue prohlem with Ilnmlltonian (I)  we mnke the u r  of 
hsals functlons of the following form (5): 

~ ~ + ( ~ . , r ) = ~ r x ~ . ~ x  

2 

x n : j t ~ ' ~ ~ ~ k r x l ~  [ -  (n, + Pa() R] , 
s = l  i , j , k  

120, i>j, k20. 



Here E = (r. + rb) /R and 7 = (rb - r.) /R are spheroidal coordinates. The following constants 
were used in our calculations:.\lp = 1636.1515me, A,fd = 3670.4Sln7,. -firt = 549G.91Sni,. 
m,, = 206.7686me, Ry = 13.605804eV. 

The values of the nonlinear parameters used in our calculations are listed in Table 1 in 
units ( e  = tz = m, = 1). Table 2 performs the calculations of the binding energies -c1+ L- 

2Ry . (E + m,/6) for metastable P-states of mesic molecules. These values were obtained 
as the result of solving the algebraic generalized eigenvalue problem -4.r = XBr, where x 
corresponds to the coefficients at jk  in the expansion (3). The number in parentheses under 
each value of - E l +  is the number of the basis functions used in that calculation. It gives the 
possibility for one to see the convergence of the calculated values of the energy levels with the 
growth of the number of basis functions. The adiabatic estimations of ref.[3] are also given for 
convinience in Table 2. 

Table 1. Nonlinear parameters for the wave 
functions of mesic molecule metastable bound states. 

Table 2. Binding energies (in eV) of mesic molecules 
with total orbital momentum J=1 and spatial parity X=+l. 

4. Performed variational calculation of the metastable P-states gives us some additional 
information about the specrmm of the energy levels of the mesic molecules. The wave function 
of these states is equal to zero at the coalescence point of the nuclei, that's provided the rather 
small probability of the nuclear fusion. The usual dipole transitions to the S-states of the mesic 
molecules are also forbidden. Therefore a capture of a muon into the states with abnormal parity 
would lead to dropping one from MCF cycle. Up to now a mechanism of the formation of 
the metastable P-states were not discussed. The role of these states in MCF can be entirely 
understood after some estimations of the corresponding formation rates will be given. 
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