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Resonant ddfj, Molecule Formation in 3 K Solid Deuterium
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A method for description of resonant absorption of neutrons in crystals was developed by Lamb [1]
and then generalized by Singwi and Sjolander [2] using the Van Hove's formalism of the response
function. This method can also be directly used in the case of resonant formation of muonic molecules
ddfi in collision of a dfi atom with a condensed D2 target.

The formation rates presented here are calculated using the incoherent response function 5t-, ob-
tained for the Debye model of the deuterium crystal at zero pressure and temperature T = 3 K. The
energy-dependent matrix elements and resonant energies from refs [3, 4] have been used as the input.
The important feature of resonant ddpi formation in the solid is a possibility of energy transfer to
phonon degrees of freedom. In result, the resonant formation can take place for any d/j, energy. The
effective ddfj, formation rates in solid ortho- and para-deuterium, calculated for dfi total spin F =
3/2, are shown in Fig. 1. At lowest energies the resonant formation takes place mainly without lattice
excitations, or only a few phonons are created. For dpi energy greater than 10 meV the asymptotic
Gaussian form of 5,- has been used in the calculations.
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Fig. 1: Effective resonant dd\i molecule formation rate in 3 K solid ortho- and para-deuterium for
F = 3/2 (normalized to the liquid hydrogen density).

In this figure one can see two strong peaks describing dd/j, formation without phonon contributions.
In ortho-deuterium the peak is connected with the transition /<",- = 0 —> Kj = 1, in para-deuterium
with the transition K{ — 1 —> Kj = 2 {Kj is a rotational number of the target D2 molecule, Kj
is a rotational number of created (ddfi)d complex). The width of these resonances is very small
(~ 10"~6 eV). The continuous rates below the peak energies are due to the presence of the subthreshold
(negative) resonances (transitions 0 —> 0, 1 —> 0 and 1 —>• 1) and to the phonon creation mechanism.
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