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Absolute frequency of energy deposition in DNA segment
inside a 1000 eV electron track.

O present calculations; X CPA results; + OREC results. These
symbols also apply to Figs. 2 to 5.

2.2 Calculated Results of Energy Deposition Frequency Inside the Track of a Low-Energy
Electron

Frequency distributions of energy deposition inside the tracks of 1000 eV, 500 eV, and 300 eV
electrons are calculated, and the calculation errors are all less than 3 %. The absolute frequencies of
energy deposition in the DNA segment cylinder inside the tracks of 1000 eV and 300 eV electrons are
shown in Figs. 1 and 2, respectively, and that of 1000 eV electrons in a chromatin fiber segment
cylinder is shown in Fig. 3. These absolute frequencies f(>E) are all plotted as the integral
distributions per target and per unit, that is, as the frequency with which a single target will receive
an energy greater than the threshold E if it is positioned at random inside a single electron track and
uniformly irradiated with a 1-Gy dose by electrons with a given energy. For 1000 eV electrons, after
comparing present results with those of OREC and CPA codes, which are designed by Oak Ridge
National Laboratory of the United States and Germany, respectively, it is found that the lower the
threshold energy E, the smaller the differences between the three results. The deviation between the
results of OREC and CPA is almost beyond an order of magnitude when the threshold energy E is over
50 eV, but our results are between these two and much closer to those of CPA. All results are shown
in Fig. 1.

The absolute frequencies obtained previously are all only the results of the single-track effect.
They were calculated by treating each track separately, and therefore any overlap of different tracks
was ignored. It is mentioned in Ref. [3] that overlap is extremely rare in these small targets except at
very high doses, so any overlap effect is not involved in this paper.

The results of relative frequencies of energy deposition are shown in Figs. 4 and 5, which
correspond to E = 50 eV and E = 100 eV, respectively. By taking the absolute frequency of energy
deposition f (1000 eV, >E) in a DNA segment cylinder inside a 1000 eV electron track as the
reference value, the ratio of the absolute frequency of 300 eV or 500 eV electrons, f (300 eV, >E),
to the reference value is the corresponding relative frequency of energy deposition. There is a great
difference among the relative frequency results of us, OREC, and CPA. However, they show the same
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Absolute frequency of energy deposition
in DNA segment inside a 300 eV
electron track.

Absolute frequency of energy deposition
in a chromatin fiber segment inside a -
1000 eV electron track.

trend, that is, when electron energy changes from several hundreds to several thousands of eV, the
lower the energy of the electron, the higher the absolute and relative energy deposition frequencies in
the case of threshold energy E. We think that the calculation discrepancy among the three is caused
by lack of authoritative interaction cross sections between electron sand water molecules inliquid water

at present_.
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Relative frequency of energy deposition

corresponding to energy threshold £ =
50 eV.
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Relative frequency of energy deposition
corresponding to energy threshold E =
100 eV.
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3. DISCUSSION

The calculated results indicate that the biological efficiency of low-energy electrons is larger than

. that of the higher-energy ones because the frequency of energy deposition is proportional to the

biological efficiency. They coincide with the experimental results [6].

At present, it has been discovered by many researchers that ultra-low-energy ion implantation
can also induce deep biological effects on plant seeds. But the limited range of ultra-low-energy ions
themselves cannot reach the depth of observed biological effects; therefore, we suggest an indirect
action mechanism, soft X ray mechanism [7,8]. It is considered that ultra-low-energy ions are the
source of the inducing characteristic soft X ray. The X ray can penetrate to a great depth into seeds
and cause deep biological effects. Finally, it is the low-energy electrons coming from Compton
scattering or the photoelectric effect between soft X rays and cells that will act on biological tissue.
For example, when the characteristic soft X rays of carbon, the content of which is very high in
biological tissue, interact with atoms in seeds, low-energy electrons about 280 eV will be produced.
So these calculated results all support the soft X ray mechanism. Furthermore, the intensity of the soft
X rays attenuates steeply when they penetrate to a greater depth. Therefore, action on organisms by
induced low-energy electrons is approximately the single-track effect, which supports the physical
mechanism suggested by us.

The research into low-energy electron track structure is helpful in explaining the mechanism of
deep biological effects by ultra-low-energy heavy ions and establishing a corresponding model.
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