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An up-to-date local dose distribution theory for ion tracks considering effective charge
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Abstract

The radial dose distribution model explains the track structure as a result of interaction of delta-rays with
the sensitive parts of the detector medium. In this model, the effective charge, Z.z; is an important parameter which
expresses the mean equilibrium charge states of projectiles in the stopping media. The Effective charge formula by
Heckman is widely used in the field of radiation measurement, but this formula has a difficult point that experimental
verification has been done only up to Ar ion. In the other field of accelerator physics, the formula by G. Schiwietz
and P.L. Grande is used normally. This empirical formula was supported by the experiments up to U ions. In the
cases of heavy ions lower than C ions, the both formulas give almost identical results. On the other hand, in the case
of U ions, the formula of Schiwietz gives larger values than that of Heckman. At £=0.1, the Heckman gives about
74% value of the Schiwietz (H/S = 74%). At 5=0.2 and £=0.3, H/S= 85% and 92%, respectively.
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Fig. 1. Relationship between effective charge and

relative velocity.
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Fig. 2. Relationship between effective charge and

relative velocity.
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Fig.3. Relationship between effective charge and

projectile energy.
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Fig. 4. Comparison of local doses.
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Fig. 6. Relationship between stopping power and

relative velocity.
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Table 1 Data at detection threshold in PET.

fHIERE = 72 RATRE

fon (eV/vm)  (nm) (Gy) R
B 737.8 1.0 3.9x10° 0.60
C 855.8 1.1 3.7x10° 0.48
N 943.7 1.1 3.4x10° 0.46
@) 967.7 1.1 3.3x10° 0.40
Ar 1088 1.2 2.2x10° 0.35
Kr 1356 14 2.1x10° 0.32
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Fig. 7. Relationship between local dose and

effective track core radius in PET.
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Fig. 8. Relationship between local dose and

stopping power in PET.
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AIEH < PI MR EE © 3l 2 #5772 72 )5
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Z v 7 a7 EORGR clbiLT & 72, Table2
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Table 2 Data at detection threshold in PI.

FHIERE = 72 RATRE

fon (eV/vm)  (nm) (Gy) .
Al 2420 1.6 45x%x10° 0.11
Si 2510 1.6 4.2x10° 0.10
Kr 2860 1.7 3.0x10° 0.08
Xe 2990 1.8 2.7x10¢  0.07
U 3439 2.0 2.4x10° 0.05
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Fig. 10. Relationship between local dose and

effective track core radius in PI.
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Fig. 12. Relationship between sensitivity and

local dose in PI.
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Katz o DJRfiRES MG Z - CORfitE 2 B3 256, BMRESLET 1 SOF/AmE
ZEWPT 2DICS KA ZEST 5, B2A22oCTLES EMEBEZIAAF I, b LAIFE—Fy
MR A F VRERICRER T 2720 T BB 22D . BMICC oMk #HT 2 C L 8L <,
ZDEHAD =0 ICIIEFREDEEIT) 7 v 7 LOERIZMETH B, 2 2 TA A v OMii» S H
L CORFTEORH., X LIz OB T — X #RMEMLIHIEREZ KD, 7F R+ 7 7 4 VT
LA Ta T LEER L, whlK T e T aa—FE#BE S,

A Vs b OREEEcORFTRE ORI 7w 777 4
#include <sstream>
#include <iostream>
#include <fstream>
#include <string>
using namespace std;
int main ()
{ int in, tnc;
double mass, density, ed, ip;
cout << "4 ¥ DT HE(1-92) =
cin  >>1in;
cout << "4 A v DEE (g/mol) =";
cin  >> mass;
cout << "% —4y | D TES(4-83) =
cin  >> tng;
cout << "X —%7"v b DEE (g/cm"3) =";
cin >> density;
cout << "X =%y F OBFHHEE (electrons/cm”3) =";
cin >>ed;
cout << "BEEET v w L (eV) ="
cin >>1ip;
double energy, t, tmx, steps;
cout << "TAHALF¥F— (MeV) ="
cin  >> energy;
cout << "F/NEEE (nm) ="
cin >>t;
cout << "Ex K¥E (nm) =";
cin  >> tmx;
cout << "% &lE (nm) =";

cin  >> steps;



double se, rv, vp, x, qmean, bv;

int c;

¢ =299792458;

bv = 2.19 * pow(10,6);

se = (mass / 6.02 / pow(10,23) / 1000 * ¢ * ¢ / 1.6022 / pow(10,-19) / 1000000 );

rv=(sqrt (1-(1/(1+energy/se))* (1/(1+ energy/se))));

vp=r1v¥g

x = pow(vp / bv * pow(in,-0.52) * pow(tnc,-0.019 * vp / bv * pow(in,-0.52)) / 1.68,1 + 1.8 / in);

gmean = in * (12 * x + pow(x,4)) / (0.07 / x + 6 + 0.3 * sqrt(x) + 10.37 * x + pow(x,4));

double e, m, alpha, theta, 1, w, d1;

e =4.8 * pow(10,-10);

m = 9.12 * pow(10,-28);

if(rv >= 0.03)

{alpha = 1.667;}

else

{alpha = 1.079;}

w=2*511*rv*rv/(1-1v*rv);

1=6*pow(10,-6) * pow(w,alpha) / density;

theta = 6 * pow(10,-6) * pow(ip * pow(10,-3),alpha) / density;

int 1, max;

max = (tmx - t) / steps + 1;

ostringstream sout;

ofstream fout;

string s1;

fout.open("dose.txt");

if(Ifout)

{cout<<"7 7 AL ZHTE A | ¥n";

return -1:}

for(i=1;1 <= max && t * pow(10,-7) <=1;i++)

{d1 = ed * pow(e,4) * pow(gmean,2) / (m * pow(c,2) * 10000 * pow(rv,2) * t * pow(10,-7) *
density * 10000 * alpha) * pow(1 - ((t * pow(10,-7) + theta)/(l + theta)),1 / alpha) / (t * pow(10,-7) +
theta);

double da, db, dc, d2, k;
if(t<0.1)
{k =0;}
else if(t >= 0.1 && rv >= 0.03)
{da = 19 * cbrt(rv);

db =0.1;



dc=15+5*rv;
k=da* (t-db)/dc * exp((db - t) / dc);}
else
{da = 8 * cbrt(rv);
db =0.1;
dc=15+5*rv;
k=da* (t-db) /dc*exp((db-t)/dc);}
d2=d1*(1+k);
sout.str("");
sout << t << "¥t" << d2 << "¥n";
s1 = sout.str();
fout << s1;
t += steps;}
fout.close():
cout << "7 7 ANICEEZIART L | ¥n'";
return 0;}
RiT, A AV o &5 5l cofLbRERE 7w 77 22l 5,
#include <sstream>
#include <iostream>
#include <fstream>
#include <string>
using namespace std;
int main ()
{ int in, tnc;
double mass, density, ed, ip;
cout << "4 F v OFEFHS(1-92) =";
cin  >>in;
cout << "4 A+ v DEE (g/mol) =";
cin  >> mass;
cout << "X —7v b DJFT%HS(4-83) =";
cin  >> tnc;
cout << "X —7%7 v F DR (g/cm"3) =";
cin >> density;
cout << "Z—77"v F OBFIEE (electrons/cm”3) ="
cin >> ed;
cout << "BEERT v v (eV)=";
cin >>1ip;

double energy, t, tmx, steps;



cout << "TAHAF¥F— (MeV) ="
cin  >> energy;
cout << "E/NHFE (nm) ="
cin >>t;
cout << "FRARFEL (nm) =";
cin  >> tmx;
cout << "% A1 (nm) =";
cin  >> steps;
double se, rv, vp, x, qmean, bv;
int c;
¢ =299792458;
bv =2.19 * pow(10,6);
se = (mass / 6.02 / pow(10,23) / 1000 * ¢ * ¢ / 1.6022 / pow(10,-19) / 1000000 );
rv=(sqrt (1-(1/(1+energy/se))* (1/(1+ energy/se))));
vp=r1v¥g
x = pow(vp / bv * pow(in,-0.52) * pow(tnc,-0.019 * vp / bv * pow(in,-0.52)) / 1.68,1 + 1.8 / in);
gmean = in * (12 * x + pow(x,4)) / (0.07 / x + 6 + 0.3 * sqrt(x) + 10.37 * x + pow(x,4));
double e, m, alpha, theta, 1, w, d1, d3;
e =4.8 * pow(10,-10);
m = 9.12 * pow(10,-28);
d3 = 0;
if(rv >= 0.03)
{alpha = 1.667;}
else
{alpha = 1.079;}
w=2*511*rv*rv/(1-1v*rv);
1=6*pow(10,-6) * pow(w,alpha) / density;
theta = 6 * pow(10,-6) * pow(ip * pow(10,-3),alpha) / density;
int 1, max;
max = (tmx - t) / steps + 1;
ostringstream sout;
ofstream fout;
string s1;
fout.open("sp.txt");
if(Ifout)
{cout<<"7 7 ANLZHTE A | ¥n";
return -1;}

for(i=1;1 <= max && t * pow(10,-7) <=1;i++)



{d1 = ed * pow(e,4) * pow(gmean,2) / (m * pow(c,2) * 10000 * pow(rv,2) * t * pow(10,-7) *
density * 10000 * alpha) * pow(1 - ((t * pow(10,-7) + theta)/(l + theta)),1 / alpha) / (t * pow(10,-7) +
theta);

double da, db, dc, d2, k;
if(t<0.1)
{k =0;}
else if(t >= 0.1 && rv >=0.03)
{ da =19 * cbrt(rv);
db =0.1;
dc=15+5*rv;
k=da* (t-db)/dc * exp((db - t) / dc);}
else
{ da = 8 * cbrt(rv);
db =0.1;
dc=15+5%*rv;
k=da* (t-db) /dc*exp((db-t)/dc);}
d2 =2 *3.14159 * t * steps * pow(10,-14) * d1 * (1 + k);
d3 +=d2;
t += steps;}
double d4 ;
d4 =d3 *0.000001 / 0.0000000000000001602;
sout.str("");
sout << d4 << "¥n";
s1 = sout.str();
fout << s1;
fout.close():
cout << "7 7 ANIICEZAART L ¥n';

return 0:}



