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Figure 16. Radial dose profiles calculated via Monte Carlo in
condensed phase LiF for 2.6 and 6.8 MeV He ions. The main
difference between the two energies is the much greater dose
deposition for 6.8 MeV He ions at radial distances greater than
approximately 15 nm.

track due to the extremely high dose levels in the track core
(figure 17) leading to a higher probability of simultaneous e–h
population of the nearest-neighbour TC/LC correlated entity.
As can be seen in figure 18, the TCs and LCs are fully populated
out to a radial distance of approximately 15–20 nm from the
He ion track axis—thus ensuring increased efficiency in the
creation of peak 5a. In the 5 MeV He ion induced glow
curves (following a post-irradiation anneal to remove peaks 2
and 3) the relative intensity of peak 5a to peak 5 is [5a/5]H =
0.21 ± 0.03 (1 SD) (figure 19). However, as previously
mentioned, its relative intensity in gamma induced glow curves
(low ionization density irradiation) is [5a/5]L = 0.008±0.008
(1 SD). The high temperature glow peaks in LiF : Mg,Ti
(peaks 6–9) show what appears to be a similar behaviour.
That is, an enhanced presence following HCP and neutron
irradiation. However, we believe that this latter behaviour
is for an entirely different reason. The high temperature
glow peaks arise from delocalized recombination mechanisms.
Their increased presence following HCP irradiation arise from
the combined effects of high radial dose and the reduced cross-
section of the competing centres (relative to the LCs) at the
high temperatures corresponding to peaks 6–9. To support this
statement one need only point out that the relative intensity
of peaks 6–9 in gamma irradiated glow curves at high dose
is similar to that of HCP generated glow curves. It should
be also pointed out that the high temperature peaks do not
increase following the 310 nm bleach (figure 10—the reader
should note the change in the vertical scale of the glow curve
following the 310 nm bleach). Contrary to the behaviour of
peak 5a, there is thus no evidence to suggest that peaks 6–9

Figure 17. (a) Radial defect occupation probabilities for 2.6 and
6.8 MeV He ions in LiF for various values of ß (the dose filling
constant measured from optical absorption studies) from
(a) 0.9 × 10−3 Gy−1 (b) 3.5 × 10−3 Gy−1, (c) 6 × 10−3 Gy−1. These
range of value encompass the expected values for the TCs and LCs
giving rise to composite peak 5 (previously published as figure 3 in
Horowitz et al [12]).

arise from localized TL mechanisms. The peak 5a/5 relative
intensity ratio (high ionization density to low ionization
density) [5a/5]H/L = 2–3 for low energy HCPs is thus a
measure of the effect of ionization density on the relative
number of ‘double-energy-transfer-events’ to ‘single-energy
transfer-events’ in a nanometric sized volume and is therefore
the conceptual analogue to the effects of ionization density
on the yield of DSBs in DNA.

7. Conclusion

We have demonstrated the significant effects of ionization
density on the TL properties of composite peak 5 in
LiF : Mg,Ti. These effects arise due to localized e–h
capture in nanoscale sized TC/LC correlated pairs. In
addition we promote the concept of using existing molecular
nanostructures in TL solid-state materials as solid-state
quasi-tissue-equivalent nanodosimeters. The concept is
based on mimicking radiobiology (specifically the ionization
density dependence of DSBs in DNA) by using the similar
ionization density dependence of simultaneous e–h capture in
spatially correlated TC/LC pairs (of approximately the same
dimensions as the DNA molecule) in the TL of LiF : Mg,Ti.
This simultaneous e–h capture has been shown to lead to
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Figure 18. Track segment dose deposition profiles calculated by
Monte Carlo for 4 MeV He ions stopping in condensed phase LiF.
The dose is shown as a function of radial distance from the track
axis. The horizontal line at 1000 Gy indicates the dose level
corresponding to approximately full occupation of the TCs and LCs
in the He ion track.

Figure 19. Typical gamma and He ion induced glow curve of
TLD-100 following post-irradiation annealing of 182˚C for 6 s to
remove the low-temperature peaks. The fit shows peaks 5a, 5 and 5b
using a first-order kinetics model for the peak shapes. The high
temperature structure centred at approximately 270˚C, observed
following HCP and high dose gamma irradiation, has been
subtracted.

localized/geminate recombination and to an ionization density
dependence in the relative intensity of peak 5a to peak 5
of [5a/5]H/L = 2–3 similar to the dependence of DSBs
on ionization density as reported by Kampf [4]. Hence the
peak 5a/5 nanodosimeter. What remains to be carried out is
the establishment of an empirical correlation between the ratio
of peak 5a to peak 5 in a variety of mixed neutron/gamma

radiation fields and/or HCP radiation fields of known RBE.
We are also developing a model based on modified track
structure theory (MTST—[10]) which will allow the estimation
of the ratio of peak 5a/5 for various ion types and energy
to be compared with the experimental data shown in table 1.
As previously noted peak 5a is created preferentially in the
track core (100% occupation of the TCs and LCs) and with
decreasing probability with increasing radial distances from
the track axis. Calculation of the creation probability of peak 5
luminescence which is expected to occur mainly outside the
track core, requires knowledge of the ratio of the CC capture
cross-section to the LC capture cross-section. The success of
the model will be largely determined by the ability of a single
value of the cross-section ratio parameter to correctly predict
the 5a/5 ratio for a large variety of particle types and energies.
Further improvements are also required in the precision of
measurement of the ratio 5a/5 in order to extend the application
to mixed radiation fields with a dominant low ionization
density component. This might then allow nanodosimetric
measurements of dose and estimation of certain radiobiological
end-points without any further need for characterization of the
radiation interaction parameters of the radiation field.
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