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In frame of many-hits model of local response there were found registration 
parameters of polyethyleneterephthalate detector from experiment with Ar and 
Xe tracks after set of additional y-exposures for two temperatures of etching. 
There were used experimental information about etching rate along the track - Vt 

, and etching rate of unexposed material of detector - Vb . There were obtained the 
dependencies of response function VtNb on y-dose for different ions and 
different etching temperatures There was shown a possibility of decreasing of the 
registration threshold in direction oflow ion atomic number Z. 

B paMKax MonerrH MHorHX ynapOB nOSlBJIeHHjI JIOKaJIhHOrO OTKJIHKa 6hilll1 
HaH)l.eHhI penlcrpaUHoHHhIe napaMeTphI nOJUI3'IWIeHTepe4>TanaTa, 
HCnOJIh3yeMoro B KaqeCTBe nereKTopa. C 3TOH UeJIhlO HCIIOJIh30BaHbI 
3KcnepHMeHTaJIhHhle 3HaqeHHg c06CTBeHHbIX .cKopoCTeii rpaBneHIDI MaTepHana 
Vb H CKopoCTeH rpaBJIeHHjI VI B)l.OJIh TpeKOB gnep Ar H Xc nocrre 

)J.onOJIHHTeJIhHOH r -3Kcn03HUHI1 )].illI .n:Byx TeMIIepaTyp TpaBJIeHHjI. OOJIyqeHhI 
3aBHCHMOCTI1 <pyHKUHH OTKJIHKa VJVb OT y-.n:03hI,WUI Pa3JIHYJHhIX HOHOB IIpH 
Pa.3JtRqHhlX TeMIIepaTypax rpaBJIeHRSI. DOKa3aHa B03MOX<HOCTh YMeHbllleHRSI 
nopora qYBCTBlITeJIhHOCTH B CTOpOHy MeHhillHX aToMHbIX HOMepoB 
peniCTpHpyeMhlx HOHOB Z. 

Fig. - 17, ref. - 10 name. 
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Introduction. 

We shall consider a phenomena when the polymer detector with latent ion 
tracks was etched at different temperatures after additional y-exposure. The aim 
of this work is to built up a method of a definition of registration parameters 
from experimental dependencies of etching rate on the value of y-exposure. 

Then we consider a track registration close to threshold of registration for 
ions with small atomic numbers. We shall give an appreciation of possibility to 
register a-particles after additional exposure by y-rays in an energy interval of a
particles, used in radon study. This work was reported at two conferences devoted 
to radon dosimetry [1-2]. 

Experimental data . 

We used experimental results of work [3]. There were given dependencies VtNb 
on y-dose exposure for tracks of Ar - 7.6 MeV/amu, etched at T=50o C and Xe 
with E=O.75 Mev/amu etched at T=30o C in polyethyleneterephthaJate 
(PETP). This 
y-exposure was made after an exposure by quick ions and with further keeping 

the detector in open air during thirteen days. Vt - etching rate of tracks, Vb - a 
bulk etching rate. 

Calculation method. 

Our approach was based on the next asswnptions : 
1. Polymer detectors consist of a majority 'of sensitive microscopic volumes [4-5}. 
2.	 Sizes ao of these volumes are so small that there are large fluctuations of act 

interactions of quick ions with atoms of matter inside it with mean value ~ion [6]. 
3. The sensitive volume can be in one of two states - " Yes" or "No" [4-6}. 

4. After threshold number "v" of effective interaction acts inside one sensitive 
volume it changes state "No" for a state "Yes" according to Poisson statistic [6]: 

(1) 

5: The mean value r; ion produced by any ion inside one sensitive volume [5] 
may be expressed by stopping power of quick ion dE/ds: 
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~ion=(dE/ds)/( dEkls) 0 (2) 

where (dE/ds)o is a characteristic stopping power. For an approximate 
consideration B-electrons with help of restricted energy losses REL [7] one has tow 
use characteristic (RELw) 0 [8] : 

(3) 

The frequency of effective events produced by y-rays was expressed by: 

(4) 

lb-characteristic dose, a measure of effective events invoked in separate sensitive 
volume [4]. 

Listed above points are the body of a many-hit model [4-6]. We shall add the 
next: 

6. Etching rate depends on probability of local response of sensitIve 
microscopic volume by linear manner. There were considered two possibilities: 

Version 1. Version 2. 
VJs) = Vb+C·p+ v (~) .- (5) VJs)=:.C·P+ v(~) (7) 

~S)=4ion(S)+4y (6) ~S)=c;b +c;ion(S)+c;y (8) 

where ~ion - a number of effective events produced by quick ion and ~r- number 
of effective events produced by y-quanta inside one sensitive microvolume. S is a 
residual range of registered quick ion. "c" is some constant value. 

Version 1 is an usual way to consider Vb of any material. Version 2 is based 
on the supposition, that the etching rate Vb exists due to spontaneous transition 
of some part of the sensitive microscopic volumes from state "No" to state "Yes" 
[9] and that this transition is invoked by some hypothetical homogeneous 
background radiation, included in (8) through ~b, number of effective events 
produced by this radiation. 

7. Parameters C, (dElds) 0or (REL)0' Doand ~bdepend on etching temperature 
through the expression of the Arhenius distribution kind: 

c 

f( &, T) = A· e kT (9) 

Thus, here in our approach the registration parameters of any polymer 
detector are - v, (dElds)o or (RELw)0' C, DO' According to (9) last three 
parameters for each T may be expressed through own pair of parameters (A,£). 
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For our versions of VI> we can write two functions of mean square differences jmax 

between experimental points and calculated V(D yJ ) values for these points of 'Y. 
rays doses. 

J...... 

For version 2: R:v,~,.Q)= R{f';'J-e·£(~+~+{.if with BJ = ~,J / I~~ (11) 
}~l	 ,"'I 

Registration parameters. 

We built up algorithms for searching minimums of functions (10) and (11) by 
changing parameters Sion, Do and v with variable steps in large value intervals. The 
results are shown at in Table 1 and figures 1-4. It is difficult to show at the same 
figure the differences between fits of our two Versions due to their smallness. The 
accuracy of fits for both versions is demonstrated by Fmin ( v) shown at figures 5-6. 
We repeated our search of registration parameters with different restriction energy 
"w" in RELw and found that the results depends on Ow" very weekly. From (9) 
and Table 1 we got results in Table 2. 

Table I. Registration parameters of the 3-hit model for two versions of Vb 
consideration. 

I 2 3 4 5 6 7 8 9 10 11 
Exposure M!V Fmin C (dE/ds Do ao 

muNQ kind	 TO % v J.UI1fh Sion }oMeV Mra Sb J.ilIl 
C fpm d 

1.1 y-rays Version I 3.37 3 0.76	 43.95 2.562 
1.2	 5.98 3 2.56 284.3 0.108y-rays Version 2
 

Argon Version I
 2.1	 7.6 50 3.85 3 80.50 1.07 1.77 2.89 0.324 0.084 
2.2	 3.85 3 80.82 0.771 2.47 2.88 0.323 0.099Argon Version 2 

3.1 y-rays Version I 27.2 3 0.28	 97.23 1.125 
3.2	 16.9 3 0.37 227.6 0.955y-rays Version 2
 

Xenon Version 1
 4.1	 0.75 30 3.82 3 30.6 1.610 4.60 0.37 0.187 0.379 
4.2	 3.82 3 0.66 1.426 5.20 0.37 0.187 0.402Xenon Version 2 
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Table II. Coefficients for temperature dependencies of registration parameters of 
the polymer film PETP. 

Version -I Version II. 
The values presented as: 

Vi =Vb + C· p:(~) Vt =C· P:(~b +~) 

An.e -iT Ao E (eV) Ao f: (eV) 

C (!lm/h) in the track. 1.927E+08 004085 1.874E+08 0.4978 

(dE/ds)o keV//--1m 3.124E-02 -0.3138 9.485E-04 -004018 

De>y (rad) in the track. 8.788E+19 0.8638 9.485E+\9 -0.8659 

~b in the track. 433.0E+00 0.2308 407.87790 0.2292 

C (jlm/h) out of the track 1.776E+15 0.9394 2.746E+06 0.4201 

Doy (rad) out of the track 8.289E+09 0.0938 2.743E+03 -0.3334 

~b out of the track 666180.EO 0.3469 21.30045 - 0.\087 

ao (!lm.) 1.460E-l1 -0.6238 8.38E-ll -0.5797 
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Examples of calculations.
 

Knowing registration parameters one can calculate various functions. Fig. 7 
presents dependencies Vt (E, T)/Vb(E, T) for ions used in the experiment. Fig. 8 
shows Vr/~ of Version 1 as a functions on Z and £=100 Mev/amu for set of TO, 

Ar. Dr=O. Version 1. Xe. Dr =0, Version 1. 

E Mev/amu E Mev/amu 

Fig.7. Version 1. VI(E, T)/Vb(E, T) for Ar and Xe tracks etched at 
temperatures shown by arrows. Dy=O. 

Version 1. Ions with E=100 Mev/amu and D 'Y = O. 
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Fig.8	 r= V/Vh as a function on atomic number of an ion 
with energy £=100 MeV/amu. 
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Recalculation for new temperatures. 

Figures 9-12 present calculated relations r= V/Vb as functions on y-dose at 
different treatment temperatures for Xe and Ar at energies of the experiment [3] 
for two versions of Vb consideration. V, is etching rate along the ion track, Vh is a 
body etching rate. 
These figures show, that at small y-exposures the relation r=Vt!Vb grows up 

and then it goes through a maximum and falls down to a plato. The right parts of 
curves are coincident for both ions Ar and Xe at each treatment temperature. The 
calculations for other atoms and energies confirm, that this region does not 
depend on ion atomic number and energy. At the same time the parts of curves to 
the left from the maximum, are different for ditTer~nt ions and energies. It 
means, that an ion 

Version 1. Ar, 7.6 MeVlamu. IIDrsiCltJ 2. Ar, 7.6 "\Qamu. 
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a) Version 1. b) Version 2.. 
Fig.9 Dependence r=V,(Dy)lVdDy} for Ar. 
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discrimination possibility of our detector is decreasing with increasing of y
exposure dose Dr. Any exposure by y.dose destroys information about ion 
parameters and after VJVb maximum there takes place a phase transition and a 
volume inside the latent track works as "Yes-No" detector. The discrimination 
possibility of the detector falls to zero. Fig. i3 shows the discrimination 
possibility as a relation of two etching rates V, of ions Ar and Xe. For other 
atoms and energies it will be the same behavior. 

Vssim 1. Xe d75,.."mu. \AnimZ ~ 0.75 M!Vam 

1(JJ 1(J11~ 1(J110'1(fl1{P 1(1' 1(11 1(J1101{}f()111()12 
DnrJ 

1 

a) Version 1. 
Fig.Ii. Dependence r= V, (Dr}lVb (Dr) 
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b) Version 2.
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presentation. 
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Acase of low atomic numbers. 

It is a more interesting case for application of the method post-exposure by y
dose. especially for the case of a.-particles of radon study. Figures 14-15 shows 
calculated r=VtNb dependencies on 'Y-exposure for a-particles with energy 100 
MeV/amu. We can see, that for both versions of calculations the left shoulders of 
dependencies lay on horizontal line with r= I without any selectivity of track 
etching. 

But from the exposition Dy -10 Mrad they are growing up to the same 
maximum values, as at figures 9-12. It is a very important phenomena as it 
means that we can register a-particles with high energy in PETP detector using 
additional y-exposure. 

The threshold value. 

The ion with lowest atomic number Z to be registered in PETP detector is 
known as 4 at etching temperature T=60o C [10]. So we can estimate the lowest 
values of y-dose at which tracks of a-particles became etchable for energies of 
radon study. In order to study this region of Z we have to use two additional 
threshold parameter connected with our possibility to observe track opening after 
etching. The first one is a minimal relation t;m~/~ and the second is a minimal 
length of track I,m. We suppose, that 

(13)T"'il/=2 (12) and 
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The energy for the range L rnin is about 1 Mev/amu. (After etching visible lengths 
of such tracks ~ 10 Jilll.). Knowing registration parameters of polymer 

Fig.14. VI/Vb as function on Dy for a-particles, E= 100 Mev/amu 
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Fig.IS. VI/Vb as function of y-ray exposure Dy for a~particles
 

with E=100 Mev/amu in three-dimensional presentation.
 

detector we can calculate the case near registration threshold without any 
additional y-exposure at any treatment temperature. At the fig. 16 we presented 
calculated dependencies r(T) = V/Vb for two ions Li and Be with E=I MeV/amu. 
Both versions 1 and 2 are designed by appropriate arrows . 

In according to two versions of consideration there are two groups of curves 
at the fig.16. Eachgroup contains three curves. One curve is calculated with help 
of stopping' power dE/ds, eq. (2) and two others were calculated with help of 
restricted energy losses RELw , eq. (3) with two different cut off energy w=:"300 
and 1000 eV. The group of version 2 is situated at both figures upper than the 
groups of curves, calculated for version 1, except of a regions of high values TO in 
the shown temperature interval. The l~vel rmin ::;:;2is marked by horizontal dashed 
lines. 
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As we can see from fig.16-a the curves of version 2 for Li lay higher than the 
line of threshold level in temperature region T ~ 40°C. It is in contradiction with 
experimental data [l0]. The same we can see for two curves of the first version 
calculated for Li at the base of RELw for the temperature region T ~ 65° C. Only 
one curve obtained for Li with help of stopping power, eq. (2) of version I 
shows, that at these temperatures track of I MeV/amu Li can not be etched 
without any additional y-exposures. 

10 20 30 40 50 60 70 80 10 20 30 40 50 60 70 80 
10 10 10 10

RELZ=3 Z=49 9 9 w=300e 9 
U, E=1.0 Mev/amu

8 8 e, E=1.0 Mev/amu 8 8 

7 7 =0D,,=O REL 7 7
 
\It/ Vb 6 w=300 eV V,'Vb
6 6 

5 
REL 6 

w=~.v 5 5 5 
4 4 4
 
3 Version 2
 3 3
 
2
 2 2 

1 
1 Versi?IJ 1 

0 o 030 40 50 60 70 80 
10 20 30 40 50 60 70 80

TOe 
TO C 

a) Li. b) Be. 

Fig.16. VI;'"Vt> as a function on etching temperature for Li and Be after two 
versions of calculations with different restriction energy "w" of o-electrons 
and without any additional exposures by y-rays. 

At the fig. 16-b for Be with 1 Mev/amu we can see, that curves of version 2 are 
upper than the threshold line rmiTl=2 and the track of Be should be etchable in 
whole temperature interval greater T=200 C. In reality it is not so. The curves of 
version 1, calculated with help of REL show, that the track of Be will bew 
etchable for treatment temperatures grater than T=500 C. It is not in accordance 
with known experimental information, as at the practice this track may be 
etched at temperatures T ~ 60oC. Thus, our calculations showed that the version 
1 used with equation (2) is in more good accordance with known experimental 
[10] data and we can choose this version and ~ion=(dE/ds)/(dE/ds) 0 for further 
calculation. 
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rrac~~. of alpha-particles.
 

Radon measurements with help of any polymer detectors is possible if this 
polymer is capable to register a.-particles. At the fig. I? the response function 
dependencies r(E) on a.-particle energy is presented in interval to 0.5-6 Mev/amu 
for five values of y-dose exposure: I, 3, 5.2, 9.1, 16 Mrad. It is seen from the 
fig.!?, that additional exposure by y-rays with Dy=1 Mrad is insufficient to do 
latent a-particle track etchable, but other four exposures have to give us 
desirable effect. 

a-particles, T= 60 0 

16 Mrad 

...........,
 9.1 Mrad 

10 10 
5.2 Mra 

3 Mrad 

2 --------------------------------.:.----  2 

1 Mrad ~-~-------------'_:..---

1~-..L--""-----'-_..L..____'__ _I_____J,_ _'___L_____'__ _'______L______:l
 

o 2 3 4 5 6 

EMeV/amu 

Fig.I? Dependence 1f!1b on energy for a-particles calculated for set of 
post y-exposure in version 1 with utilization of stopping power in (2). 
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Conclusions. 

The process of the track visualization after y-dose exposure goes through two 
stages. The first one is a stage of oxidization during thirteen days' and the 
second stage of the process is the etching. Relation Co track /CObuIk equals 105-109 
for both temperatures and for both ions Ar and Xe. It is possible if inside of ion 
track core we have phase transition increasing number of sensitive volumes in 
one hundred times. The second stage of the visualization process is usual process 
of etching. 

In maximum of response function after additional y-exposure volume of track 
works as a separate "Yes-No" detector with weak discrimination possibility. So, 
it is reasonable to use methodology of large y-exposure in those tasks, where the 
type of fast ions is known and it is need measure their number, for example. 

Figures 1-4 demonstrate good possibilities of model of v-hits response for a 
description of relation r= V/Vb on y-dose. The general behavior of the 
dependencies presented at figures 7-8 seems to be quite reasonable. For v >3 the 
fitting error of version 2 depends on registration parameter v very weakly. 
Possibly, the detector has a wide distribution of sensitive volumes over this 
parameter in this region of y-doses. 

For high energies E and large Z it is need a special consideration of 8
electrons action [4-5] and our results are only preliminary. For more exact 
calculation first of all it is need put a special experiment for more wide interval of 
E and Z. and to measureradial etching rate [8]. From the point of view of 0
electrons consideration the eq. (2) with a stopping power dE/ds is a zero 
approximation, in which the role in track formation of o-electrons with different 
energies is supposed the same, the eq. (3) with RELw [7] is the first 
approximation, the approach of R.Katz [2] is a second one and our approach [5] 
with exact consideration of multiple scattering of 8-electrons provides the 
maximal level of accuracy. 

In the work it was developed the calculation method of etching rate Vl and 
Vb dependencies on y-dose for any etching temperatures and for any ions. 

Our calculations pointed out at a possibility to register in PETP (lavsan) 
after additional y-ray exposure ions with atomic number less than threshold 
value, known as Z=4 (Be). It needs an urgent experimental verification, but in 
case of a positive result radon measurements look like one of perspective 
application of this possibility as PETP has a set of unique properties, such as a 
cheapness, homogeneous and so on. 

Relatively calculation method in whole we have to remember, that it was only 
a first approximation without detailed consideration of o-electrons and that 
version 1 turned out to be better only in frame of this approximation. For more 
accurate study it is necessary to use another approach (5, 8], which demands 
more full experimental information than two parameters Vt and Vb. 
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