








breaks and so we have to look for the answer at the physical and
chemical level.

Recently it has been shown 8/ that the dominant mechanism
for. reproductive death in mammalian cells is determined by the
matching ‘of the mean free path between ionizations to'the strand
. separation in double stranded DNA. Electrons have greatlg reduced
intrinsic efficiencies of action when compared with heavier
particles because they.can reach the requisite ' specific primary
iénization only at very low energies when they undergo large
range straggling. Besides heavy -ion induced & ‘electrans, the
tr?ck core plays an important role . in explanation of the 'RBE
debendence on LET since a large fraction of enerqy 1s deposited
in it.

TRACK CORE ENERGY CONCENTRATION CALCULATION

We can imagine a particle track as a compound of track core
and individual & electrons. The track is a cylinder with an axis
identical to the ion’'s geometrical path and with a radius Tcore*
The radius Fcore €an be defined as an effective impact parameter

value for which the primary particle is-able to excite a molecule

to the state with the smallest energy transfer fiwge.  Than - the
< /97
track core radius is
g .
o . r = > 1)
core Woy ]

where Q is the speed of the pdrticle. Further we can express the
part of the primary particle energy deposition in the track core.

0f the total stopping power, the fractian FS’ transferred'tn the

kinetic energy of & rays withvthe range greater than T core is
Emnx
Fs =J-E @@ [, 2

min

where do(E) is the differential cross section for ejection of &

rays of energy E. In calculation we used the Rutherford formula

for the collision of ‘an 10n with an electron

do 2nz*%%
= —_— (3)
dE mczﬂ2
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and the linear energy transfer Lm is given. by the Bethe
expression for the stopping power: of uniform medium for heavy

charged particles

4)

dE anz*% % [1 2mec %32 62]
dx mczﬂ2 " - ’

where z* = 2{1-exp(—1zsez'2’3)]

1(1-g%)

Emux is the maximum enerqy transfer in a single collision of the

heavy charged particle with an atomic electron and E is the
min

enerqy of the electron with the range equal to r - E
710/ core . mn
between the electron

can be
derived from the semiempirical relation

range and its energy. The FS dependence on the heavy ion energy

for water 1s in Fig.2. I+f Fé, Hn and Tcore 2r€ known, we can
calculate the track core energy concentration ncore
L (1-F ) -
_ . -]
Neore = C > 1, (5
core
DISCUSSION
Dependehce of the track core enerqy concentration rEore on

the ion enerqy and on LET is in Fig.3 and Fig.4 respectively.
Comparing Fig.1 and Fig.4 we can conclude that RBE-LET hooks
formation corresponds to the situation, when the track core
enerqy concentration exceeds some limit value betweén 1-3 eVnm_s.

Apparently such energy concentrations give rise to a high
density of ionizations and excitations and originating radicals,
1ons and efectrons are very near each other and they can
recombine with a high probability. This is confirmed by the
experimentél results giving low yields of free radicals and
higher yields of molecular products for high LET values.
According to the ion spike modellll/
10ns in condensed matter occur as a result of Coulomb repulsion
ot 1oni1zed atoms. In the case of effective recombination there
will be cdnsiderable suppresion of this effect. The hook
formation corresponds to the end of  the particle track where
changes in the track core and in the angular and energy
distribution of heavy ion. induced & electrons occur. Due to these
changes there can be a  decrease of the direct effect

(recombination of a positive rion with an electron) and of
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indirect effect (recombination of free radicals). If this
recombina;ion mechanism works we can explain the hook formation
wii thout the overkill presumption. But in the explanation of the
common RBE~LET curve we must retain the overkill model. The
results from heavy ions biological experiments are predominantly
obtained using particles with low Z and in the LET range .up to
hundreds keV/um. For such particles N core values are too small

for effective recombination.
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