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Abstract: The use of ionization chamber in linear accelerator radiotherapy photon dosimetry requires various
corrections to the measured charges, one of these being the ion recombination correction factor (k). As stated by the
IAEA (2000) TRS-398 dosimetry protocol, ks was characterized for the available thimble ionization chamber PTW
30006 using two pulsed megavoltage photon beams 6 and 10 MV. The dependence of the ks values against the
changing of field size, water depth, nominal dose rate and stem length was studied. For photon energy 10 MV, k;
shows an increase with the field size and for photon energy 6 MV, k, values decrease from field size 4x4 cm? to
10x10 cm? and increase at field sizes larger than 10x10 cm? Also, k, values are inversely proportional with the
water depth and directly proportional with the nominal dose rate and stem length, for both photon energies. It is also
recommended to determine the absorbed dose at lower (p.r.f) pulse repetition frequency or nominal dose rate. If the
dose is determined at the highest (p.r.f), a correction must be introduced in the assessment of the dose related to the
ion recombination correction factor ks difference at different p.r.fs. These measurements help to correct ks values at
different dosimetry conditions and minimize the errors in the assessment of the radiotherapeutic dose calculations.
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1. Introduction: charge recombination and charge multiplication are
In most radiotherapy clinics the dose delivered influenced by the potential applied to the ionization
to a given point in the medium is determined by chamber. A plot of chamber response, i.e., current (1)
measuring the amount of charge (Q) produced in a or charge (Q) against the applied voltage (V) for a
small cavity located at that point in the medium [1, constant dose rate or dose, respectively, is called
2]. The cavity is usually an ionization chamber filled saturation curve, first rising linearly with voltage at
with air at ambient temperature and pressure. low voltages, then reaching a saturation at high
The dose delivered to the medium can be voltages and eventually breaking down at even higher
calculated from the total charge, or saturation charge, voltages [8, 9]. The ratio Q(V) /Qsx OF (V) / lsa ,
produced in the air cavity according to the Spencer- where (Qsa) and (lsy) are the saturation values of Q
Attix cavity theory, [3]. The response of a given and 1, respectively, is referred to as the collection
ionization chamber depends not only on the radiation efficiency (f) of the ionization chamber at the applied
dose, dose rate and chamber polarity [4] but also on voltage (V), (1).
the voltage applied between the measuring and In saturation, all charges produced by
collecting electrodes of the chamber [5, 6, 7]. The radiation are collected and produce directly the (Qss)
charges produced in the chamber by radiation may and (ls) for use in dosimetry protocols. When the
differ from the charges that are actually collected. chamber is used below saturation, some of the
These discrepancies (charge losses or excess charges) charges produced by radiation actually recombine
occur as a result of constraints imposed by the and lead to loss of the dosimetric signal. This charge
physics of ion transport in the chamber sensitive loss occurs through three different mechanisms:
volume and the chamber electrical design. Charge (1) Initial recombination represents  the
losses in the chamber are caused by ion recombination that occurs between ions
recombination;  excess  charges by  charge produced within the track of a single ionizing
multiplication and electrical breakdown. Both the particle and is thus independent of dose rate.

http://www.americanscience.org 206 editor@americanscience.org




Journal of American Science, 2011;7(3)

http://www.americanscience.org

For initial recombination, (1/Q) was shown to

vary linearly with (1/V), [10, 11].

General recombination, in contrast to initial

recombination, applies to ions produced in

different ion tracks, which meet and
recombine, and thus depends on dose rate. For
general recombination, (1/Q) in the near
saturation region (f > 0.7) was found to vary

linearly with (1/V?) in continuous beams, [10,

12, 13]. In electronegative gases, such as air, it

was shown by some authors [10, 11, 14, 15],

that in the near saturation region, initial

recombination is negligible in comparison
with general recombination.

lonic diffusion loss: charges diffuse against

the electric field. For thermal diffusion of ions

against the applied chamber potential it was
found that (1/Q) also follows a linear
relationship with (1/V) in the near saturation
region.

For studies of ionic recombination losses,

ionizing radiation beams are placed into three

categories:

(i) Continuous radiation (e.g., cobalt beams and

orthovoltage x rays).

(ii) pulsed beams (e.g., non-scanned linac x ray

beams and electrons).

(iii) Scanned pulsed beams (e.g., scanned linac

beams).

On the light of the two voltages technique
which suggested by Boag and Current [16],
describing the ion recombination correction for a
small cylindrical ionization chamber exposed to
pulsed radiation, [17], proposed an approximation for
the ion recombination (Pj,n) or (ks) for constructed in
the form of quadratic equation and working both
pulsed and pulsed swept radiation. This quadratic
equation is

@

(©)

(Pion) or (ks) = (1)

M M 2
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Where,

(My) is the chamber signal determined at the normal
operating voltage (Vy).

(M) is the chamber signal determined at a lower

voltage (VL).

(@), (a) and (a,) are constants obtained from

standard polynomial fitting program, (18). This

equation is adopted by the [19] TRS-398 dosimetry

protocol.

2. Material and Methods
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The ion recombination correction factor ks was
measured for two pulsed photon radiation beams 6
and 10 MV produced by medical linear accelerator
Philips SLi15 which is manufactured in England. A
Farmer-type, 0.6 cm® vented water proof ionization
chamber of model PTW30006, manufactured in
Germany, was used in our experiment. The chamber
is of rugged construction, since the wall material is
graphite with a protective acrylic cover and the
collecting electrode is made of aluminum. The
readings were taken using an electrometer (Victoreen
model 530) , manufactured in U.S.A., connected to
the ionization chamber where the normal operating
bias voltage V\ adjusted to be at the possible
maximum voltage, Vy = +382.5 volts, with positive
polarity. The lower operating bias voltage was chosen
to be one third of Vy, VL = +127.5 volts, as
recommended by the TRS-398 dosimetry protocol
[19].

The amount of irradiation necessary to provide
stable readings after decreasing the bias was
measured for the chamber by saturating the chamber
with 500 monitor units and then reversing the bias.
Readings were immediately taken at 50 monitor unit
increments until a stable reading was obtained, [20].

A water phantom of model Med-Tec,
manufactured in U.S.A., was used in the water
measurements and it is constructed from (9.525mm)-
thick clear acrylic material of volume 38 x 38 x 38
cm® and provided with horizontal scale and manual
depth dose apparatus.

For both photon energies 6 and 10 MV, the
measurements were performed under the reference
conditions where the gantry angle = 0°, the distance
between the radiation focus and water surface FSD =
100 cm, the field size 10x10 cm?® and the reference
water depth = 10 cm, as recommended by the [19]
TRS-398 dosimetry protocol, fig. (1).

The variation of k; was determined against the
field size changing at FSD=100 cm where the
ionization chamber was located at constant reference
water depth equal to 10 cm. Also, the variation of ks
was measured against the water depth changing
where the field size kept constant and equal to 10x10
cm? at FSD = 100 c¢m. ks was determined due to the
variation between three available nominal dose rate
100, 300 and 600 M.U./ min.

As a study of the stem effect on ks, the
measurements were done in the air where the distance
between the radiation focus and the chamber central
axis (FCD) = 100 cm with two build up caps suitable
for each photon energy 6 and 10 MV and the field
size was equal to 10x35 cm? where X-side = 35 cm
and Y-side = 10 cm. The zero position is considered
when the center of ionization chamber sensitive
volume is located at the field center. In the case of the
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ionization chamber longitudinal central axis was
adjusted to be parallel to the X-side, where the stem
length was changing and moving away from the field
center, the ks was calculated as:

(k) P =a +ar (M) P (M) ™) + 8, (My) ™ (M) P2 (2)

In the other case, when the chamber
longitudinal central axis was oriented in a direction
perpendicular to X- side, the stem length was
constant and ks was calculated as:

(ks) Per. — ao + a ((MN) Per‘/ (ML) Per.) + a, ((MN) Per. / (ML) Per‘) 2. (3)

Where

(M), (Mp)P" is the electrometer reading (in charge
mode) at normal operating voltage Vy = +382.5 volt
when the ion chamber longitudinal central axis is
parallel and perpendicular to the X-side of the field
respectively.

(MO, (ML) is the electrometer reading (in charge
mode) at lower voltage V, = +127.5 volt when the
ion chamber longitudinal central axis is parallel and
perpendicular to the X-side of the field respectively.

3. Results and Discussion:

Figure (2), representing the drawn data of ks
for both photon energies 6 and 10 MV as (Y) axis
versus one side of the square field size as (X) axis
and the data was fitted using second polynomial
fitting method.

For photon energy 10MV, the value of k; is
increasing with increasing the field size. For photon
energy 6MV the value of k is decreasing from field
size 4x4 cm? to 10x10 cm?, but the value of k, is
increasing when the field size increasing beyond
10x10 cm? As the field size is increasing, more
portions of the ionization chamber stem and the cable
is included in the field and that will affect the
collected charges; where some of the ionized charges
will be lost in the ionization chamber body and the
ion recombination correction factor (k;) needs to
increase to compensate this charges loss. Also, one
can observe that the values of ks for photon energy
10MV is larger than the values of ks for photon
energy 6MV all over the field size increasing range,
except at the smallest measured field size 4x4 cm?
where the values of ks for both photon energies
become very close to each other. That is because at
small field sizes the radiation field does not exceed
the boundary of the ion collective sensitive volume,
S0 no extra effects can appear from the ion chamber
body. So, it is concluded that to increase the accuracy
of absorbed dose determination at field sizes differ
than 10x10 cm?, it is recommended to calculate the
ion recombination correction factor ks for each field
size and for all available photon energies.

http://www.americanscience.org

208

The two curves in figure (3) describe the
behavior of ks for both photon energies 6 and 10 MV,
as (Y) axis against water depth as (X) axis. It is
obvious from the figure that the values of ks are
decreasing with increasing the water depth for both
photon energies 6 and 10 MV. That is because at the
small depths near the build up region, the photon
beam interacts with the ionization chamber
measuring electrode causing a loss of electrons from
the measuring electrode which is not fully
compensated by arrival electrons from the upper
layers of the phantom. Also, it is notable that the
values of ks for photon energy 10MV are higher than
the values of ks for photon energy 6MV all over the
increasing range of the water depth. But at the higher
water depths, the values of ks for both photon
energies become very close to each other, that is
because the dose rate is decreasing with increasing of
water depth, which affects the ion recombination of
the ionization chamber.

Table (1), shows the variation of ks against
machine nominal dose rate or machine pulse
repetition frequency (p.r.f) changing with field size =
10x10 cm? and water depth = 10 cm at FSD = 100
cm, with constant water temperature and air pressure
for each individual measurement at each photon
energies 6 and 10 MV.

In the table (1), the values of ks for both photon
energies 6 and 10 MV are increasing with the
increasing of the machine nominal dose rate or (p.r.f).
It is obvious that the variation of ks values in the
6MV photon beam is smaller than the ks values for
the 10MV photon beam, but at the lowest available
nominal dose rate (100 M.U./min.), where the k
values for both photon energies are close to each
other. Since the value of ks stated by equation (1) is
valid if no overlapping of clouds of ions from
different beam pulses occurs, [21]. So, at low (p.r.f),
the duration time of the pulses is bigger than the
collection time of the ionization chamber and that
makes most of the charges produced by the ionization
are well collected for both photon energies. But at
higher (p.r.f) the pulses duration is decreased a little
than the collection time of the ionization chamber, so
there will be some sort of overlap between collected
charges and some ions will be lost. Also, this
phenomenon increases with the increasing of the
energy.

Figures (4, (a) and (b)), show the curves of ks
versus the distance of the central measuring volume
of the ionization chamber from the field center
(distance off axis) in cm, for both photon energies 6
and 10 MV and in the two directions parallel and
perpendicular to (X)-side. When the distance off axis
is increasing, it means the length of the stem and
cable is decreasing.
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From figure (4, (a)), it can be noted that the ks
values of the photon energy 6MV are inversely
proportional to the distance off axis (i.e. stem length
decreases) when the chamber is directed parallel to
(X) axis, and directly proportional to distance off axis
(i.e. stem length is constant) in the direction
perpendicular to (X) axis. The two curves of ks values
of the photon energy 10MV drawn in fig. (4, (b)), are
inversely proportional to the distance off axis in a
direction parallel (i.e. stem length is decreasing) and
perpendicular (i.e. stem length is constant) to the (X)
axis. Nevertheless, Bruggmoster et al. [7], stated that
there is no influence on radiation type and energy on
the recombination correction factor ks and there is a

linear relationship between ks and the dose per pulse
(DPP) up to 5 mGy/pulse. Also, they found that at
dose per pulse values above 1 mGy, the method of
general equations with coefficients dependent on the
chamber type gives more accurate results than the
Boag method. This method was already proposed by
Burns and McEwen [22] and to avoid comprehensive
and time consuming measurements of Jaffé plots
which are a prerequisite for the application of the
multi-voltage analysis (MVVA) or the two voltage
analysis (TVA). Many other investigators are
concerned with the ion recombination correction
factor ki[5, 6].

Table (I): lon recombination correction factor (k;) of the ionization chamber (PTW30006) versus the
variation of the nominal dose rate at the reference condition for two photon energies 6 and 10 MV.

Dose Rate in Photon energy (6MV) Photon energy (10MV)
(M.U./min.) ks Standard Deviation ks Standard Deviation
100 1.0008 +0.00117 1.0020 +0.00090
300 1.0009 +0.00041 1.0029 +0.00040
600 1.0011 +0.00043 1.0039 +0.00071

Source (Beam Focus)
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Figure (1): The reference condition of the measurements where field size (A) = 10x10 cm? at the distance
between the beam focus and water surface (FSD) = 100 cm and the ionization chamber is located at
position (P), where the water reference depth (d) = 10 cm.
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Figure (2): The variation of ion recombination correction factor ks versus the field size at FSD = 100cm and
water depth = 10cm for photon energies 6 and 10 MV.
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Figure (3): lon recombination correction factor ks versus the water depth changing of field size=10x10 cm2 at
FSD=100cm and for photon energies 6 and 10 MV.
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Figure (4) lon recombination correction factor ks versus the stem length variation in parallel and
perpendicular to the (X) axis of the beam plane at FCD = 100cm in the air with suitable build up
caps for photon energies: (a) 6MV and (b) 10MV.
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4. Conclusions:

To increase the accuracy of the absorbed dose
determination at field sizes differ than 10x10 cm?,
using the ionization chamber PTW30006 exposed to
pulsed photon beams of energies 6 and 10 MV, it is
recommended to measure the ion recombination
correction factor (ks) for each field size. Also, when
measuring depth doses, it should account for the
change in the ion recombination correction factor (ks)
as a function of depth in phantom. It is better to
determine the absorbed dose at low pulse repetition
frequency (p.r.f) or machine nominal dose rate and if
the absorbed dose is determined at the highest (p.r.f),
a correction must be introduced in the calculation of
the dose related to the ion recombination correction
factor (ks) difference at deferent (p.r.fs). The amount
of the stem length that covered by the radiation field
will affect on the ion recombination of the ionization
chamber and the value of ks must be calculated as a
function of the stem length.
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