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We study the interaction of γ rays with coherently vibrating periodic array of two-level nuclei. Such 
nuclear motion can be generated, e.g., in ionic crystals illuminated by a strong driving optical laser 
field (Fig. 1). We find that deflection of the incident γ beam into Bragg angle can be switched on and 
off by nuclear vibrations on a superradiant time scale determined by the collective nuclear frequency 
Ωa which is of the order of terahertz. Namely, if the incident γ wave is detuned from the nuclear 
transition by frequency Δ ≫ Ωa it passes through the static nuclear array. However, if the nuclei 
vibrate with frequency Δ then parametric resonance can yield energy transfer into the Bragg 
deflected beam on the superradiant time scale [1], which can be used for fast control of γ rays. 
 
This phenomenon is analogous to parametric frequency mixing in propagating circuits [2], in which 
power can flow back and forth between the two coupled circuits if the coupling reactance variation 
frequency matches their frequency difference. Combination parametric resonance at the frequency 
difference between two normal modes of the coupled light-atom system is the essence of the QASER 
[3]. In the present model, parametric resonance and collective effects of the light interaction with a 
vibrating nuclear array do not yield amplification of the high-frequency (γ) field but enhance the rates 
of the radiation absorption and reemission. 
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Figure 1. (a) Energy diagram of the two-level nuclear system. (b) Present model: an incident γ-ray 
plane wave interacts collectively with a recoilless nuclear array, while the strong optical laser field 
produces coherent oscillations of the nuclei with amplitude d and frequency νd. 
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