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Abstract

Many microdosimetric spectra for low LET as well as high LET radiations

are measured using commercially available (similar to EG&G ) Rossi proportional

counters. This paper discusses the corrections to be applied to data when cali-

bration of the counter is made using one type of radiation and then the counter

is used in a different radiation field. The principal correction factor is due

to differences in W-value of the radiation used for calibration and the radia-

tion for which microdosimetric measurements are made. Both propane and methane

base tissue-equivalent (TE) gases are used in these counters. When calibrating

the detectors, it is important to use the correct stopping power value for that

gas. Deviations in y and y are calculated for Co using different extrapo-

lation procedures from 0.15 keV/ym to zero event size. These deviations can be

as large as 302. Advantages of reporting microdosimetric parameters such as

y and y above a certain minimum cut-off are discussed.
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National Laboracory.

Available from Far West Technology, Inc., 33OD South Kellog, Goleta, CA, 93017.

1



Introduction

In most microdosiraetric studies a proportional counter simulating tissue

dimensions ranging from a few tenths to a few microns is used. Tissue dimen-

sions are simulated by filling the chamber with TE gas. These counters are com-

mercially available from EG&G. Usually an internal alpha particle source is

provided in these counters for calibration purposes. These counters have been

used by McDonald et al. (1) and Shonka (2) to measure neutron microdosimetric

spectra; by Benstock et al. (3) and August et al. (4) to measure photon

microdosimetric spectra; Amos et al. (5) to perform pion microdosimetry, and

Varraa et al. (6) to study microdosimetric parameters as a function of depth in

a phantom. In all of these studies the authors have indicated that calibration

was performed using an internal alpha source. In microdosimetric work performed

by Kliauga and Dvorak (7), low energy photons were used for calibration of the

counters. In another group of studies no method of calibration is indicated.

In addition co Che above studies extensive measurements of neutron and photon

microdosimetric spectra have been performed by Rossi's group at Columbia. A re-

view of these and other microdosimetric studies can be found in reference (12).

Two important quantities in calibration procedures are the W-value and stopping

power of the filling gas for the type of radiation used for calibration. We

show that corrections as large as 15% and k7, are required due to differences in

W-values and stopping powers, respectively.

Also microdosimetric spectra are extrapolated to zero event size using dif-

ferent functions for extrapolations. These differences in extrapolation proce-

dure result in differing values of y« and y_ obtained by different groups for

the same type of radiation. This presents problems in making detailed compari-

sons of microdosimetric spectra. In this paper we suggest that microdosimetric

parameters be reported for event size distributions above a certain cut-off

event size. If this procedure is universally accepted and followed, then more

meaningful comparisons can be made.

W-value Corrections

Normally alpha particles from an americium or curium source are collimated

and directed along one of the major diameters of the spherical proportional

counter. These alpha particles produce ionization in the filling gas which is

proportional to the amount of energy deposited in the counter. This ionization

is then multiplied by the gas gain of the counter, and the resulting pulse is

further amplified using a preamplifier and linear amplifier and then stored in



the appropriate channel of a pulse height analyzer. In practice the alpha peak

is broadened due to such factors as collimator design, source strength, and

count rate. Precise determination of the position of the maximum can be made by

fitting either a parabola or a gaussian to the upper half of the peak.

The amount of energy lost in the chamber by alpha particles is calculated

from knowledge of the stopping power value for the filling gas and the path

length traversed by the alpha particles. Thus, the pulse height analyzer is

calibrated in terms of alpha energy deposited in the chamber. It is obvious

that what one measures is the number of ion pairs created for a given amount of

energy deposition. For the same amount of energy deposition in the counter the

number of ion pairs created by a low-LET radiation will be larger than for alpha

particles, due to the relatively lower W-value for the low-LET radiation. Due

to the larger number of ion pairs created by low-LET radiation, the peak posi-

tion for same amount of energy deposition will tend to move to higher channels.

The amount by which the peak channel is moved upward will be proportional to the

ratio of W-values for alpha particles and electrons. On the other hand, if the

counter is.used for measurement of heavy ions or neutrons, for which W-value is

greater than that for alpha particles, then the resultant peak channel will be

reduced by the ratio of W-values for alpha particles compared to that for heavy

ions or neutrons. Proper corrections must also be applied in those cases where

the counter is calibrated by low energy photons and then used in heavy ion or

neutron fields.

W-values for alpha particles, electrons, oxygen ions, and neutrons in meth-

ane and propane base TE gases are listed in Table 1. Also listed are correc-

tions that should be applied when the counter is calibrated using one type of ra-

diation and then used to measure a different quality of radiation. For example,

if the counter is calibrated using alpha particles and then used to measure

low-LET microdosimetric spectra a correction factor of +67. is needed but for

heavy ions like oxygen it could be as large as ~9%. Larger correction factors

of about -157, are applicable when the counter is calibrated using low energy pho-

tons and then used in heavy ion fields.

Problems of calibration becomes even more acute in the case of

microdosimetric spectra measurements for neutrons because in this case an aver-

age value of W for neutrons is normally used. An estimate of this W for neu-

trons has b'»en made by Goodman et al. (8) using recently available W-values for

heavy ions.



The calibration correction factors affect the deduced values of yF and

y , and can introduce deviations as large as 15Z in these values. These correc-

tions are responsible in part for deviations observed in y™ and yQ for a given

type of radiation between measurements made by different groups. It is thus ex-

tremely important to apply this correction for accurate measurement and interpre-

tation of microdosimetric spectra. There is a slight variation in this correc-

tion factor between methane and propane base TE gases, as shown in Table 1.

Table 1

W-values and correctiou factors for electrons, alpha particles,

oxygen ions, and neutrons

Radiation

Electrons (1 keV)

Alpha (1.45 MeV/amu)

Oxygen (1.5 MeV/amu)

Neutron (0.5 MeV)

Methane

29.13

31.0

34.08

31.9

W-value
TE Propane TE

27

28

30

.42

.6

.81

-

Correction factors
Methane

(a)_
1.06
1.00
0.91
0.97

TE

(b)

1.00
0.94
0.85
0.91

Propane

(_a)_
1.04

1.00
0.93

-

TE

(b)

1.00

0.96
0.89

-

(a) Counter calibrated with alpha particles

(b) Counter calibrated with photons

The above corrections are needed in addition to the correction that may be

needed due to an increase in W-value of low energy electrons, these 1 ter correc-

tions have been dealt in detail by Booz (12) and will not be discussed here.

Stopping power correction

The normally quoted value of stopping power for alpha particles in methane

base TE gas is 81.72 keV/ym (14), and this value is often used in calibration of

of the counters. This value was usually used regardless of whether methane or

propane base TE gas was used in the counter. This may have been considered ap-

propriate since calculations of Oldenburg and Booz (9) and Ziegler et al. (10)

indicated that stopping power in these two gases for 5.8 MeV alpha particles

differed by less than 17,. However, the stopping power value for propane base TE

gas, for 5.8 MeV alpha particles recently measured by Vanna and Baum (11) was

85.1 keV/pm. This value is about 4% greater than the stopping power value for

methane base TE gas. In propane base TE gas, the measured stopping power value

agrees well with Ziegler's calculations but is about 37. higher than that



calculated by Oldenberg and Booz. The above points to the need for using .

measured stopping power values for accurate calibration of the counters. Tabia

2 lists measured and calculated stopping power values of alpha particles in both

methane and propane TE gas for 5.8 MeV alpha particles.

Table 2

Stopping power values for 5.8 MeV alpha particles

in methane and propane base TE gases

Stopping Power Values

Gas (a) (b) (c)

Propane TE 85.1 82.4 86.6

Methane TE 81.7 82.8 86.i

(a) Measurements of Vanna and Baum (11).

(b) Calculated frora Oldenburg and Booz (9).

(c) Calculated from Ziegler et al. (10).

Calibration errors due to inaccurate stopping power values can be as large

as a few percent. Stopping power corrections are not required in those cases

where the counter is calibrated using low energy photons provided the

photoelectron energy is known and is completely stopped in the counter.

Influence of extrapolation to zero event size

In experimental microdosimetric studies one is limited to measurement of

event size distributions above a certain minimum event size determined by elec-

tronic noise. This minimum event size depends on the type of counter, site diam-

eter, and the sophistication of the electronic equipment used. Thus, this mini-

mum event size is different for different researchers. Usually, assumptions are

made on how the distribution varies below this event size. Various extrapola-

tion techniques are used. Varma et al. (6) and Kliauga and Dvorak (7) have

extrapolated from about .1 keV/ym event size to .03 keV/pm using a constant

slope as determined by the measured lowest event size regions and finally

extended at zero slope from .03 keV/pm to zero event size. Braby and Ellet (13)

did not extrapolate their spectra to zero but terminated at .03 keV/ym event

size. For the extrapolation from minimum event size measured to .03 keV/Um they

used three different functions and showed that y_ values did not differ much.

However, if the extrapolation had been carried out to zero event size, consider-

able differences in yp would have been observed. Braby's procedure of extrapo-



lation has also been used by others. A third extrapolation function was used by

the ISPRA group (12). These authors suggest that, if the low-LET spectra is

presented as y*f(y) on a log-log scale then at low values of y, y'f(y) varies

with a constant slope. Obviously, the effect of these extrapolations is much

more on y than on y .

It is instructive to study the effect on y_ and y of using four differ-

ent extrapolation procedures below typical noise levels. We have chosen event

size spectra for Co measured using an EG&G counter and a one micron diameter

simulated sice size. Typical noise in this system was about 0.15 keV/ym. Four

functions used were (a) constant positive slope as determined by the measured

lowest event size regions, to zero event size; (b) constant negative slope from

0.15 keV/ura to zero event size; (c) zero slope extrapolation from 0.15 keV/ym to

zero event size; and (d) spectra terminated below the noise cut-off. These func-

tions are schematically shown in Figure 1. Table 3 lists the y_ and y values
60

for Co obtained using the functions mentioned above. Also, reported are

values for cut-off event sizes of 0, .05, 0.10, 0.15, and 0.25 keV/ym. From

this Table it can be seen that, depending on which function for extrapolation

was used, y values can change by as much as 30%, whereas y values change by
F D

only 7%.

Table 3

Calculated values of

Cut-off event

keV/ura

0

0.

0.

0.

0.

,05

,10

,15

,25

procedures,

size

(a)

0.39

0.43

0.49

0.55

0.68

ZF
(b)

0.46

0.47

0.50

0.55

0.68

y and y~ for different

at various cut-off

(keV/um)

(c)

.40

.44

.49

.55

.68

(d)

0.55

0.55

0.55

0.55

0.68

(

1.

1.

1.

1.

2.

event

a)

82

83

87

94

12

1

1

1

1

2

: extrapolation

sizes

y^ (keV/um)

(b)

.86

.87

.89

.94

.12

(c)

1.83

1.84

1.88

1.94

2.12

1

1

1

1

2

(d)

.94

.94

.94

.94

.12

(a) Constant positive slope from 0.15 keV/ym to zero event size.

(b) Constant negative slope from 0.15 keV/ym to zero event size.

(c) Zero slope extrapolation from 0.15 keV/ym to zero event size.

(d) Spectra terminated below 0.15 keV/yra.



For detailed comparison of microdosimecric speccra for "standard

radiations" such as 60 keV (241Am), 660 keV (13?Cs), 1250 keV (6°Co), and x-ray

sources of different energies, it is highly desirable to know y« and y_ values

within 1 or 22.

The above analysis shows that to facilitate an easy comparison of

microdosimetric parameters y_ and.y_ measured by different groups using differ-

ent counters and different levels of sophisticated electronic equipment, it is

essential that either all spectra be extrapolated using a well-defined and uni-

versally accepted extrapolation procedure or the y_ and yQ values be reported

above a certain minimum cut-off event size which is greater than the typical

noise of these counters. In the absence of a veil recognized and "correct" ex-

trapolation procedure, it is important that the second alternative mentioned

above be universally accepted. For a detailed comparison the spectra should be

reported over the entire range of measured event sizes, in addition the y_ and
c

y values should be evaluated above a certain minimum cut-off event size. The

choice of minimum cut-off event size is somewhat arbitrary. We suggest about

1.5 times the nominal electronic noise in a typical system (1.5 x 0.15 keV/Um)

or 0.25 keV/ym.

If the procedure outlined above is universally accepted and applied,, then

comparison of microdosimetric parameters will be easy and more meaningful. An

individual could in addition apply any extrapolation function which may be appro-

priate for his use.

Also, this procedure can aid in detection of backscattering or contamina-

tion present in the standard radiation field. These effects, if small, can be

masked by the extrapolation procedure.
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Figure Captions

Figure 1 Schematic representation of different-extrapolation functions used in

calculations of y_, and y . (a) Constant positive slope from 0.15 keV/ym to

zero event size; (b) Constant negative slope from 0.15 keV/pm to zero event

size; (c) Zero slope extrapolation from 0.15 keV/umto zero event size; (d)

Spectra terminated below 0,15 keV/um.
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