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Calculation of response of Chinese ham ster cells to ions 

based on track structure theory 

Liu Xiao-W ei，Zhang Chun-Xiang 

(Department of Physics J Zhongshan UniversityJ Guangzhou 510275) 

A bstract Considering biological ceils as single target two．hit detectors，an analytic forillula 

to calc111ate the response of ceils to ions is developed based on track structure theory．1lt the 

calelllation．the splitting deposition energy between ion kill mode aItd—r kill m ode is not llsed． 

Thc res1llts of calculation are in agreement with the experimental data for response of Chinese 

hamster ceils，whose response to rays can be described by the response function of single 

target two hit detector to ions． 
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1 Introduction 

A fllll physical descript ion of all int erac． 

tions which occur in an irradiated medium by 

ions is extremely complex．For interpreting the 

radiation effect of ions，the delta rays theory of 

track structure by Katz[1,2J attributes the radi— 

ation effects of ions to the secondary electrons 

fdelta rays)ejected from the medium by the 
passing ion．Since rays always interact with a 

medium through secondary electrons，the differ 

ence in observed effects associated with，y rays 

and with ion irradiation arise from the partten 

of energy deposition by delta rays．Therefore， 

Katz theory connects the response of a detector 

to rays with action cross section and response 

flmctions for ions bombardment through the ra- 

dinl distribution of energy deposition of delta 

rays．The energy deposition in coaxial cylindrl- 

cal shells around an ion’s path is converted to 

the probability for target inactivation through 

the dose response for，y rays．For one．hit detec— 

tor，such as dry enzymes and viruses，the inac- 

tivation cross section of an ion can be described 

’ 

21rtP(D(t))dt (1) 

where P(J[))=1-exp(一D／Dar)is the response 
function to rays，D37 the characteristic dose of 

，y rays，t the distance from the ion’s path， ax 

tile ma．Niimlim distance of delta rays from the 

ion’s path，and D(t)the radial distribution of 

energy deposition around the ion’s path．W ith 

the equation，tlle inactivation cross section of 

ion can be calcltinted by using the nuInerical 

integral methods[ ～。]or an analytical formula 

for point target and extended target mode．【 ，。] 

U nlike ode．hit detectors．biologica1 cells 

are more complex．Cells may be inactivated by 

a burst of delta rays acconlpanying the passage 

of a single energetic ion，it is a single particle el- 

fect．and suitably describe(1 by an inactivation 

cross section． In addition，cells may be dam- 

aged by the passage of a first ion?then inacti- 

vated by the passage of second ion．it is a multi． 

particle effect． These two kinds of mechanism 

are called ion kill mode and kill mode．re． 

spectively in the Katz theory． By considering 

biological cells as multitarget single 1lit detec． 

tors．the response of cells to iOIlS is successfully 

calculated by the track structure model via in— 

troducing four parameters．However．the split 

ting of energy between ion kill mode and kill 

mode is introduced in the calculation． 

In this work，we develop an analytic for． 

mula to calculate the response of cells to ioI!s 

based on the track structure theory．Instead of 

using a multi—target single-hit detector mode1． 

a single target two 1lit detector mode1 is used in 

the calculation． The splitting energy between 

ion kill mode and kill mode is not used in our 

calculation．The calculated results are in agree． 

ment with the experimental results of response 

of Chinese hamster cells to ions． 
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2 Theory 

v(】1．8 

For single target two一1fit detector model 

cells are inactivated by two events of hitting． 

In track seglnent bombardment．tile nunlber of 

survival cells N is described by tile eqllation 

dN = 一O'lNldF — o'N dF f21 

where is the inactivation cross sectiou of an 

ion，i．e，the cross section of Iilore than two hits． 

F the fluenee of ion beam ．N1 the nulrlber of 

cells which experience Olle llit still surviva1．and 

o1 the one hit cross section．Ttie first term of 

righthand side in Eq．(2)is pure effect of two 
particles．and the second Can be divide(1 into 

two parts ofo(N一Ⅳ1)dF and oⅣldF，the first 
part represents the effect of single particle．an(1 

the second represents the part of two particles． 

Assumption is that N1 is proportional to the 

product of F．the number of survival cells N 

and the cross section of one llit o-1，that is 

Ni=Ao'INF (3) 

where A is a fitting parameter． SubstitlIting 

Eq．(3)into Eq．(2)，Olle obtains 

N=N0exp(一 F—Ao'~F。／2) (4) 

where Ⅳn is initial nlmlber of survival cells． 

From Eq．(4)j parameter A can be considered as 
radiation sensitivity of two particles relative to 

single particle．The response function of single— 

target two hit detectors to，y rays，P(J[))，is 

P(D1=1 exp(一D／D37)(5) 

and the one hit probability Pi(D)is 

pl(J[)) D／Darexp( D／Dar) (6) 

Because the absorbed (1ose in track seg— 

ment irradiated by ions is D = F ·L．where 

L is the stoI)ping power or its LET．tile relatiol1 

of survival fraction N|Nb with(1ose D Call be 
written as 

N|N oD p(一 J[)。、 
2L2 ／ (8) 

3 Calculating the response of the 

Chinese ham ster cells 

Tlie sllrvival curves of the Cllinese liamster 

cells irradiated by X—rays and iOIlS llave beel1 

iileasure(1 cxDcrin1cI1tallv J and calelllated the— 

oretically by Katz et a1．[ ]By using response of 

single target two hit detector to ，y—raysj we fit 

the experiinental survival data of the Chinese 

liamster cells irradiated by X—rays．Pr0111 Fig．1 

it can be seen that the survival data of the Chi— 

nese llamster cells irradiate(1 by X—rays caI1 be 

fitted by using the response function of single 

target two llit detector． 

If the size of target fextended target 

mode1]is taken into account．the radial energy 

deposition D(t)must be replaced by the inean 

radial energy deposition D(t)，and D(t)has a 
plateau with value proportional to Z G一2(1 2 

when t is smaller than the radi,18 of target nn， 

and D(t)varies as z 2ff 一。t一 when z／“0>3， 
where is the velocity relative to that of light in 

vaecllII1 alld Zeff is the effective ion’s charge．[?， ] 

In generalj the size of cell a0 is larger or COIl1一 

parable to the range of the delta raysj so we 

consider D(t)as 

According to the track structure theory，the ii1一 

activation cross section is calculated by substi一 ， 

““ nto Eq．(1)and rep
l acing D with )={c穰fo rradia energy deposition aroun(an OI1 path 0 fo (9) l l i l r 、>n 

J[)(z)．The oile hit cross section l is foulid by 
replacing D by Dft1 and integrating it over all 

t as 

～  一 

approximately ill tile present calculationj where 

o-I 

“

2丌z 唧  ㈤ 7) bing
， w

In
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exp(一 Ze-'tf ,
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1 

Z 
|，／ 叩簪) 

where n = 7r0 is the size of a cell， and 

|，／= cn D ．Using Eq．(8)j we recalculate 
the response irradiated by ions．the results corn- 

paring with experimental data are shown in 

Fig．2．In the calculation，parameters o-0j|，／and
． 

A are 5．6×l0—7cm2．8
．0×10一 and 0．0l respec 

tively by fitting the experimental sllrvival data． 

In Fig．2，survival curves are horizontally dis 

placed by a factor s to avoid the overlap of 

curves．It can be seen that theoretical results 

are in good agreement with experimetal results． 

喾 

呈 

l0 

l0 
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Fig．1 Survival data of the Chinese hamster ct、ils 

irradiated by X—rays fsolid square)[。】are 
superimposed on fitted survival curve 

4 Conclusions 

Based on the track structure theory，an an 

alytic formula to calculate the response of cells， 

which are considered as one target two hit de 

rector，to ions is developed．The ca]culated re 

sults show that Eq．f81 is an usef1ll formula to 

the describe the survival data of the Chinese 

hamster cells，whose response to rays can be 

described by the response function of one target 

two hit detector． 
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Fig．2 Survival data of the Chinese hamster cells 

(solid square)[ 】are superimposed on fitted 

survival curves by using Eq．(8) 
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