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I. INTRODUCTION 

Quantum-mechanical systems, the interaction in which may 
be described by two potentials of essentially different ran
ges, have become a subject of inclusive study in the recent 
years 11!.In this case three situations related to the short
ranges potential properties can be distinguished: 1) The short
range potential does not contain levels close to zero or re
sonances, its influence on the system spectrum may be treated 
within perturbation theory. This picture is realised, e.g., 
in rr-mesoatoms. 2) The short-range potential has a level 
near zero or a resonance; a potential of this type leads to 
the so-called Zel'dovich effect 121 which consists in an essen
tial rearrangement of the spectrum of the whole system as 
compared to the spectrum in the long-range potential. Obvious
ly, the perturbation theory in strong interaction fails to 
work here. A possible example is the pp-atom. 3) The short
range potential is complex (i.e., transitions are possible 
into other channels) with a large imaginary part, and it has 
a resonance at an energy the real part of which is near zero 
on the nuclear scale. In the system with such a potential 
there may appear a new (as compared to the spectrum of levels 
of the unperturbed problems) level which cannot be described 
in the framework of perturbation theory; and the Zel'dovich 
phenomenon does not occur. A possible example is the dTfL--meso
molecule 131• In this interesting case the state produced is 
neither pure nuclear, nor molecular; both the types of forces 
are equally responsible for its formation. In this paper we 
shall be interested in the spectrum of dTfL -mesomolecule in 
the state with the total angular momentum L = 0. 

2. TWO-CHANNEL PROBLEH 

Strong dT-interaction in the mesomolecule will be descri
bed by the two-channel system of Schrodinger equations with 
two channel open at a given energy 

dT< dT 
....... 4 

He+ n. 0 :· b~~~~'l!~r:-~Hb!~l ti: ·::;·~ ~·! ~ :;: 

' ... ~· t'. . . r· ~- .~ .... :· .. 

6\t.Gn~OTEKA 
] 



The two-channel description is a model because of the absence 
of the corresponding microscopic calculations. Consideration 
of this problem as a five-body problem is itself of a consi
derable interest since the transition dT ... 4 He + n occuring 
due to the tensor interaction could be a source of .a new in
formation on the nature of this interaction. 

Thus, the two-channel system of e~uations for the strong 
dT-interaction has the form 

(H~T + ; + Vll ]ljrl + V12 o/2 =Eo/ 1 ' 
(I) 

[HHen+V22]¢r2 +V211/r1 =(E+Q)¢r2 

where H~T is the operator of the kinetic energy of relative 
motion of dT with the angular momentum CdT = 0 , H'He is the 
operator of the kinetic energy of relative motion of n 4He n 
Q = 17.58 MeV. 

Boundary conditions for (1) correspond to the two open 
channels we are interested in. Interactions V11 , V12 =V21 ,and 
V22 were chosen as potentials of the type of square well: 

Vij =V~j 6(r
0 

-r), except i=j =2, 

V22 = V22 6(r c -r) + ~e(r- r c ) • 
r 

(2) 

Parameters of the potentials (2) were defined so that the 
solutions of equations (I) would describe the experimental 
data on reaction dT -. 4He + n at 0 ::; EdT .;; 500 keV 141 and 
d -phase of elastic n 4 He-scattering at the neutron energy 
En ~18 MeV 151

; For a potential of the form (2) the available 
experimental data admit a slight variation of the parameters. 
The calculation was carried out with the following sets of 
parameters: 

Set I Set II 

Vfi. = -I. 3020 MeV, V1 1 = -1.2927 MeV, 
V~2 = -2.9193 MeV, v~2 = -2.9353 MeV, 
V12 = -2 .. 4032 HeV, V0

12 = -2.3652 MeV. 

The cross section of reaction dT-> 4He n is shown in 'Fig. I: 
the solid curve is theory, * - experiment. As is seen from 
the Figure, both the sets give indistinguishable curves which 
fit experiment with a good accuracy. For the n He phase at 
En= 18 MeV we have 

2 

8 
theor 
2 :::5.5°, 

.., 

/5/ 
8 ;xp ~ (5.8 ± 0.3) 0 • 

•• 

\· 

)~ 
" 

Fig. I. Results of the fit ~~~~ 
of the cross section of reac- ' 
tion dT ... 4Hen (solid curve) 
and experimental data. ( ***). • 
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To consider the· dTM mesomolecule with the strong dT-inter
actioh taken into account, it is necessary to solve the two
channel systero of three-particle equations of the form 

...... ............ -+-+ 1 ~ -+-+ 

[ HdT(r) + V11 (r) + V Md (r, p) + V M T (r ,p) + r + h ~ (p )] 1/r 1 (r, p) + 

+V12(r)¢r2 (;,p)= E¢r1 (;,p), 
(3) 

-+ --+-+ 4-+ .......... 

[HHen(r) +V22(r) +hM (r,p))¢r2(r,p) +V21(r)ljr1 (r,p) = 

= (E + Q) ¢r 2 (;' P) ' 
where h~(p) is the muon free Hamiltonian, V MA is the muon 
interaction with nucleus A , hM = h~ + VHeW The system of three
particle equations (3) will be changed to a system of effec
tive two-particle equations with the use of the following 
approximations: I) In the first channel the muon will be as
sumed to give rise to a certain effective dT -interaction VW 
Formally, this can always be done exactly, however, a speci
fic choice of the potential VM(r) certainly originates some 
model representations. In this paper we use a Horse potential: 

-2ax -ax· 
VM(r)=D(e -2e ), x=r-ro, r > r 

- c 

-3 

(4) 

with the parameters D = 0.102 a.u. = 0.57- 10 HeV, a = 
= 0.743 a.u~ 1 =2.89·I0-3 fm- 1 , 0 = 2.1 a.u. = 5J9.8 fm chosen 
for the spectrum 161 of the dtM -mesomolecule in the state with 
L = 0. 

We stress that with an effective potential of the type (4) 
no question arises concerning its adequacy to the exact inter
action at r < r

0
, while in the region r > r this question re

mains still open. 2) In the second cha~n~l one may change 
with a good accuracy the muon Hamiltonian hM by some average 
muon energy E/31

. As a results, we arrive at the following 
system of equations 

-1 d
2 

[-(2MdT) -- + V (r) + V11 (r)]¢r 1 (r) + ~ 2 (r)¢r2 (r) =(E-E1)!Jr1 (r),...) dr 2 M (:J 

d2 
[-(2M )-1 - + V (r)]ljr (r) + V (r) ¢r (r) =(E+Q-E )1/r (r). 

Hen dr2 22 2 21 1 M 2 

Here E1 is the energy of the ~ -atom ground state. 
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3. RESULT 

The system of equations (5) was solved with boundary con
ditions of the form 

.p 1 (r) :: e 
ik!f 

Imk 1 > 0, kt=V(E-Et) 21lctT• (6) . 
r -> oo 

.p2 (r) 
i~r .:: fe , Rek 2 > 0, k 2 = ..j (E + Q- E 1!)21! Hen, (7) 

r -> oo 

which ensure a bound state in the first channel and an out
going wave in the 4He n channel. As is seen from the form of 
equations (5), all the quantities here are determined except 
for the muon energy Ell' the variation limits of which are 
fixed by the energy conservation law only. Thus, the eigenva
lues of the energy E-E 1 of the system dT!! will, in general, 
be functions of this parameter. The numerical calculations 
have shown that the system of equations (5) has solutions 
corresponding to the eigenvalues of the mesomolecule problem 
with L = 0 in the potential V • Wave functions of these 
states are plotted in Fig.2. !! 

Besides these solutions, known from calculations which do -
not take into account the strong interaction16~in the system 
there develop two more levels with essentially different 
widths. In Fig. 3 we present the !!-energy dependence of the 
real part of the energy of the level with large width for 
two sets of parameters of the strong dT-interaction. The 
width of this level depends weakly on the muon energy and 
equals f'/2 = 13.25 keV for set I and f'/2::::12.85 keV for set II. 
As one can observe from the Figure, the strong interaction 
in system dTp may initiate a new state with the energy real 
part near zero and with a large width only at Ep- I MeV. 
Note that this phenomenon remains stable with respect to the 
variation of parameters of the strong dT-interaction. In 
Fig. 4 we show the wave function of this state lfr 1 (r) at E

11 
= 

= 0.9 MeV and Ea = 0 for the first set of parameters. It is 
seen that this function concentrates mainly in the range of 
the strong dT -interaction, i.e. 

2 
at r - 7 fm. The second 

level has a small width f'/2- 10- - 10-3 eV and a positive 
real part of the energy ER_6-7 keV. Both the real and imagi
nary parts of energy of th~s level depend slightly on the 
muon energy and strong-interaction parameters. If such a level 
would exist in the realistic'dTfl' system, this could cause the 
S -wave resonance in deuteron scattering on til atoms at an 
energy of the relative motion - 6-7 keV. 

The quantity a characterizing the distribution of the fun
ction f 
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- Fig. 2. Nonnormalized wave 
function of the ground state 
of mesomolecule dTp with € 1 = 
=319 eV. lfr: 2 -nonnormaliied 
wave function of the excited 
state with E 2 = 34 eV • 
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Fig. 3. Dependence of the real ~ 
part ER of the new-state ener- r 
gy on the muon energy E!! for 
set II of the strong dT -
interaction, (-- -) , and 
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the same for set I (-----). 
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Fig. 4. The r -dependence of 
~ the squared modulus of the 
., function I.P 1 (r) lg of the sys~ 

tern in the first channel. 

turns out to equal -0.25 for this state that exceeds by se
veral orders the analogous ratio for states of the Coulomb 
nature. 

CONCLUSION 

We have considered the model of dTp-molecule which repro
duces all the properties of the molecule and interactions of 
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its constituents. In this model, two types of new states are 
found, which are absent when the pure Coulomb problem is 
solved. It is shown that the decay of states with a large 
width and a real• part of the energy in the interval 
-200 eV :S: E R ::; 0 is accompanied by the emission (escape) 
of hard ~ -mesons with an energy considerably larger than 
characteristic mesoatomic energies. 
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