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Excitation of insulators above the edge of band-to-band transitions creates a vide range of free 
(electrons and holes) and bound (excitons) states of charge carriers. Interaction of these 
quasiparticles with phonons or lattice imperfections causes their self-trapping or trapping at various 
traps in crystal. The relaxation of electronic excitation involves mutual propagation of electrons and 
holes, both free and trapped, across the crystal, and electron-hole recombination, which is finished 
the charge separation, induced by primary excitation by photons or beams of particles. Electron-
hole recombination process is an essential part of relaxation of electronic excitation; moreover, it 
may be a limiting stage, which can determine the whole relaxation kinetics and constrain the 
development of luminescence detectors and transformers of ionizing radiation. As a rule it is hard to 
investigate separately the kinetics of recombination since it is concealed by other relaxation 
processes, and to isolate it one has to use such techniques as time-resolved luminescence or 
thermally stimulated spectroscopy. The other kinds of processes, which can essentially slow down 
the charge recombination, are the charge retrapping and interaction between traps. To elucidate the 
electron-hole recombination kinetics in real crystals we used the samples of solid neon. Rare-gas 
solids are the model systems in physics and chemistry of solids and a lot of information about 
electronic excitations, subthreshold inelastic radiation-induced processes and electron-hole 
recombination in rare-gas solids has been documented recently (see e.g. Ref.1 and references 
therein). Among other rare-gas solids, solid neon, because of shallow traps for electrons, has a 
pronounced afterglow, which was detected after electron beam irradiation and reported a decade 
ago [2]. As soon as the afterglow, unlike the thermoluminescence and conventional luminescence, 
is measured at constant temperature and at the absence of irradiation, it provides the direct 
information about recombination kinetics. 

In the present paper we measured the afterglow of solid neon after irradiation of the sample by 
photons and compared the kinetic curves with that were measured after electron beam irradiation. 
The experiments were performed at the SUPERLUMI experimental station at HASYLAB, DESY, 
Hamburg. Photon excitation was performed by zero-order of primary monochromator equipped 
with aluminum grating. The afterglow was detected by 0.5 m Pouey monochromator equipped with 
multisphere plate detector.  

Figure 1 shows afterglow curves, which were measured after irradiation by photons (Fig.1(a)), after 
irradiation by electron beam (Fig.1(b)), and normalized curves (Fig.1(c)). It is not possible to 
approximate both kinetic curves neither by single exponent nor by hyperbolic curve, which are 
typical for one- and two-particle recombination processes. To extract the kinetic constants from the 
afterglow curve we have to consider more complex consecutive process T→E→R, in which the 
mobile particle, electron, E, escapes from trap, T, with rate constant k1, and then it recombines, R, 
with trapped hole, with rate constant k2. In the simplest case the concentration of the trapped holes 

Rc  decreases with time, t, according to ( ) ( )121221
0 /)exp()exp( kktkktkkcc TR −−−−⋅= , where 0

Tc  
is the initial concentration of the traps, filled by electrons [3]. However, it is necessary to consider 
also the processes of electron retrapping and nonradiative relaxation caused by, e.g., capture of 
electrons by impurities [4]. The detailed assignment of every stage of such a complex consecutive 
kinetics requires further investigations. 
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Figure 1: Photon afterglow of solid Ne: (a) – after photon irradiation at T=5 K, (b) – after 
irradiation by electron beam T=5 K, (c) – normalized curves.  
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