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A simple noninvasive method is described for determining the backscatter to a monitor chamber of
a medical accelerator based on the measurement of charge deposited in the target. This method is
compared quantitatively to the more elaborate telescopic method for photon beams of 6 MV and 15
MV on linear accelerators having mica and Kapton monitor chambers. The new target charge
method gives results consistent with the telescopic method to within 0.3%. ©1998 American
Association of Physicists in Medicine.@S0094-2405~98!00603-8#
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I. INTRODUCTION

Changes in the amount of radiation backscattered from
limators to the monitor chamber can affect the energy
ence per monitor unit of a photon beam.1–6 Also, it has been
found to be a contributing factor in collimator exchan
effect.1 The contribution of backscattered radiation to t
charge collected by the monitor chamber depends on
setting of the collimators. Thus the amount of charge c
lected by the monitor chamber for a given number of brem
strahlung photons generated at the target changes as the
limator setting is varied from minimum to maximum. Th
percentage change ranges from less than 0.5% to a
10%.1–9 The origin of this wide range of dependence can
traced to differences in the design of the collimator4 and the
monitor chamber.5 The dosimetric effect of backscattered r
diation to the monitor chamber can be accounted for us
monitor backscatter factors.1,2 These factors specify the num
ber of bremsstrahlung photons generated at the target
monitor unit at a given collimator setting normalized to th
at a reference collimator setting@MS(w) in Patterson and
Shragge1 and Sb(r x ,r y) in Lam et al.2#. Since the monitor
backscatter factor (Sb) due to backscatter to the monito
chamber and the head scatter factor due to scattered radi
in the treatment head depend differently on the collima
setting,2 it is important to quantify backscatter to the monit
chamber.

Photoactivation,1 beam on time with beam current fee
back disabled,7 number of beam pulses,6–8 addition of an
attenuator between the collimator and the monitor chamb3

target charge,9 and forward photon fluence from the targ
with telescopic collimation2,4–6 have been used to quantif
backscatter to the monitor chamber. The methods diffe
how the number of bremsstrahlung photons generated a
target for a given number of monitor units is measured. P
toactivation and addition of an attenuator require invas
introduction of test components into the treatment he
Beam on time and number of beam pulses depend on
accelerator to be stable. It has been found that fluctuation
pulse counts could be more than 10% on some machin6

The target charge method was suggested by Patterson
334 Med. Phys. 25 „3…, March 1998 0094-2405/98/25„3
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Shragge1 and was used by Watts and Ibbott.9 In their
method, invasive change to the circuitry of the linear acc
erator was necessary. The target current circuit of the ac
erator was interrupted, the target current was reduced
three orders of magnitude by a shunt circuit, and the tar
charge was then measured with an electrometer. The
scopic method introduced by Kubo4 involves the handling of
heavy custom made collimators.

Here, the primary purpose was to improve the measu
ment of the target charge by design and implementation
simple circuit totally external to the accelerator electronics
that no modification to the accelerator is necessary. We h
also improved the technique for measuring backscatter w
the telescopic method so that components of the setup
physically easy to handle and scatter from the collimat
system and the room can be estimated more accurately.
consistency of the monitor backscatter factors measured
these two methods on various linear accelerators manu
tured by Varian with different photon energies will be dem
onstrated.

II. MATERIALS AND METHODS

The measurements were made on a Clinac 6/100, a Cl
1800, and a Clinac 2100C/D. The x-ray energy on the Clin
6/100 was 6 MV. The Clinac 1800 and Clinac 2100C/D we
dual energy machines with 6 MV and 15 MV x-ray beam
The Clinac 6/100 had a mica monitor chamber and Kap
chambers were installed in the Clinac 1800 and the Cli
2100C/D. The steel exit window of the mica chamber atte
ated backscattered electrons from the collimators and
vided a source of electrons while the Kapton exit window
a Kapton chamber transmitted backscattered electrons w
contributed to the ionizations collected in the chamber.5 The
Sb’s were measured with both the target charge method
the telescopic method on all five x-ray beams, as descri
below.

In Varian Clinac linear accelerators, the target was in
lated from electrical ground and connected through a coa
cable to a 50 ohm load~Fig. 1!. This signal was available a
a connector labeled ‘‘Target I’’~‘‘Beam I’’ on older models
334…/334/5/$10.00 © 1998 Am. Assoc. Phys. Med.
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of Clinac!. The current collected by the target generate
voltage on the order of 1 V across the 50 ohm load. W
assumed that a potential change of about one volt on
target would not significantly affect the current deposit
from an electron beam of several MeV so that the volta
across the 50 ohm load would be proportional to the elec
current generating bremsstrahlung photons in the target.
used a circuit as shown in Fig. 1 powered by two 9 V b
teries to measure the target charge. The operational amp
LF356N converted the voltage to a current through the op
isolator 6N135. The output of 6N135 was then integrated
a Keithley 616 electrometer. The 25 kV potentiometer in the
circuit was adjusted so that the output of the operatio
amplifier~pin 6! was at230 mV when the input was discon
nected from the accelerator. This ensured that there wa
current generated at the output to the electrometer when
beam was off.

The target charges for 100 monitor units~MU! were de-
termined for upper jaw settings varied from 0.5 cm to 40
with the lower jaws held fixed at 40 cm as well as lower ja
settings varied from 0.5 cm to 40 cm with the upper ja
fixed at 40 cm. The target charge at 40 cm by 40 cm w
measured repeatedly during the course of the measure
to monitor the stability of the machine. The target charg
were then normalized to the average reading at 40 cm by
cm field size setting to obtainSb’s.

For the telescopic method, the experimental setup con
of a detector housing and a lead block collimator with t
gantry oriented so that the x-ray beam was directed vertic
towards the floor as shown in Fig. 2. The detector hous
was on the floor at 230 cm from the target. The lead blo
collimator was on the accessory mount. The bottoms of
lead block collimators were 65 cm and 68.5 cm from t
target for the Clinac 6/100 and the Clinac 2100C/D, resp
tively.

The detector housing consisted of a stack of two 7.6

FIG. 1. Interface circuit to convert the voltage pulse at the target cur
output from the accelerator to a signal that the electrometer can integ
The LF356N is a FET input operational amplifier. The 6N135 is an op
coupler with a phototransistor output and the collector-base junction of
phototransistor is used as a photodiode to improve frequency response
1N4448 is a silicon signal diode.
Medical Physics, Vol. 25, No. 3, March 1998
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thick blocks of Cerrobend 10.5 cm wide by 10.5 cm long. A
IC-10 chamber~Wellhofer Dosimetrie!was in the middle of
the detector housing as shown in Fig. 2. The chamber w
its 1 mm thick cap was in a horizontal channel on the t
surface of the lower block of the housing. A 0.516 cm diam
eter vertical hole in the upper block of the housing col
mated the x rays before they were detected by the cham

The detection solid angle was determined by the le
block collimator consisting of a stack of two lead block
placed on the accessory mount with 0.476 cm diameter ho
along the central axis of the x-ray beam@blocks 3 and 4 in
Fig. 2~a!#. The lead blocks were 5.1 cm thick, 10.2 cm wid
and 20.3 cm long. One similar lead block was placed on e
side of the stack with the 10.2 cm side vertical@blocks 1 and
2 in Fig. 2~a!#. The four lead blocks together formed
20.3 cm320.3 cm310.2 cm structure. The holes in the le
blocks, the hole in the Cerrobend housing and the cham
were aligned by the cross hair of the light field, and t
alignment was further optimized by maximizing the char
collected by the chamber.

Charges collected by the chamber for 500 MU were
corded with the upper jaws varied from 3 cm to 40 cm s
tings when the lower jaws were kept fixed at 40 cm as w
as with the lower jaws varied from 3 cm to 40 cm settin
when the upper jaws were kept fixed at 40 cm. The collim
tor setting at 40 cm by 40 cm were measured repeate
during the course of the measurement. To estimate
amount of scattered radiation, the lead blocks with ho
were switched in position with the lead blocks on the sid
so that there was no hole along the central axis@Fig. 2~b!#.
The measurements were then repeated for the same jaw
tings. The charges from scattered radiation were subtra
from that collected with the telescope and the results w
normalized to the average value of the 40 cm340 cm fi
size setting.

We limited the smallest field size to 3 cm and tracked t
trend of the data between 3 cm and 5 cm field sizes for
telescopic method to ensure that the upper jaws did not
scure the area of the target that was visible from the dete
through the lead block collimator. For the target char

t
te.
-
e
he

FIG. 2. Experimental setup for the telescopic method.~a! The setup for the
measurement of collimated and scattered radiation. The distance bet
the target and the bottom of the lead block collimator was 65 cm for Clin
6/100 and Clinac 1800 and 68.5 cm for Clinac 2100 C/D.~b! The setup for
the measurement of scattered radiation. The lead blocks numbered 1 to
the accessory mount were rearranged from~a!.



d

b
th

lts
a

ci
e

hi
,
le

lo
h

an
th

tw
a

ts

n
a

tio

T
rg
e

s
l e
-
e
th

we
y
u

e

r-
da
ow
he
e
re
a
a

e
o

rs

ure-
e
that
as
all

the

osi-
u
ny

a-
e

sing
cat-

he
x
ss
d x
ile
ize
ese
ays

our
tered
3

the
in
uch

ing.
ill
rom
od
ion.
er-

ll-
a-
is

ally
tion
ad

that
in-

lta-
n-
ped

a-
g,

rge
rget
rget

336 Lam, Muthuswamy, and Ten Haken: Measurement of backscatter 336
method, all these precautions are unnecessary because
can be obtained at any field size~including zero field size!.
We decided to replace the 3, 4, and 5 cm measurements
measurement at 0.5 cm, the minimum jaw setting for
Clinac 2100C/D.

III. RESULTS

The Sb’s for the five beams are shown in Fig. 3. Resu
from the telescopic method and the target charge method
within 0.3% for all the beams measured. The dependen
of Sb on collimator setting are fit to a linear function by th
least squares method. The slope of the fit to the data, w
is the change inSb per cm of change in collimator setting
are shown in Table I. The uncertainties shown in the te
scope and the target charge are standard errors of the s
estimated from linear least squares fitting of the data. T
last column is the difference between the two methods
the uncertainties shown are the sum in quadrature of
standard errors of the two methods. The results for the
methods shown in Table I are highly correlated with a Pe
son Correlation of 0.99. A pairedt-test results in insignifi-
cant~P50.47, two tail! difference in the mean of the resul
in Table I for the two methods.

IV. DISCUSSION

The dependence ofSb on jaw opening shown in Fig. 3 ca
be approximated well by a linear dependence for all m
chines studied. This is consistent with the parametriza
proposed by Lamet al.2 and results reported by Kubo,4 Yu
et al.6 ~for jaw settings.5 cm!, and Lamet al.2 Thus the
data were analyzed by the linear least squares method.
Sb of Clinac 6/100 measured by both the target cha
method and the telescopic method show little dependenc
jaw settings, similar to the results reported6 with the target
pulse counting method and the telescopic method. Thi
due to backscattered electrons being stopped by the stee
window of its mica monitor chamber.5 The stronger depen
dence on jaw settings for the other two accelerators is du
the transmission of backscattered electrons through the
windows of the Kapton monitor chambers.5 The high energy
beams on both the Clinac 1800 and Clinac 2100C/D sho
a larger change inSb than the corresponding low energ
beams when collimator setting was varied. This is also s
ported by previous reports.5,6

The mean of the differences in the last column of Tabl
is 0.131024 cm21 with a standard deviation of 0.4
31024 cm21, indicating that there was no systematic diffe
ence between the results of the two methods. The stan
deviation compares well with standard error estimates sh
in the last column of Table I. Together with the fact that t
results of the two methods were highly correlated and th
was no significant difference in the mean from the pai
t-test, we consider the results measured by the target ch
method and the telescopic method to be consistent with e
other.

For the telescopic method, the collimating hole in the d
tector housing in front of the detector determines the field
Medical Physics, Vol. 25, No. 3, March 1998
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view for scattered radiation. The field of view usually cove
the additional collimator~the four lead blocks in our setup!
that constitutes the telescope. For example, in the meas
ment of Sb for the 15 MV beam on the Clinac 1800, th
chamber reading for the scattered radiation was 1.3% of
from the telescope when the jaws were fully open and it w
0.6% when one of the jaws were set to 3 cm. Since the sm
change in signal for different jaw settings is measured,
change in scattered radiation can be significant.

When Kubo introduced the telescopic method,4 he mea-
sured the scattered radiation with a separate chamber p
tioned next to the signal chamber away from the slit. Y
et al.6 measured the scattered radiation with no hole in a
of the lead blocks. Lamet al.2 measured the scattered radi
tion by filling up the hole in the collimator mounted on th
accessory tray and leaving the hole in the detector hou
open. The radiations detected can be grouped into three
agories:~1! direct x rays from the target passing through t
holes in the collimators;~2! x rays scattered from the direct
rays; and~3! scattered x rays from x rays that did not pa
through the collimating holes of the telescope. Scattere
rays in category 2 are proportional to the direct x rays wh
the scattered x rays in category 3 have a different field s
dependence compared to direct x rays. The goal of all th
three different methods is to estimate the scattered x r
which had a different field size dependence~category 3 x
rays! so that they can be subtracted from the signal. In
measurements, scattered x rays from the room and scat
x rays from the lead block collimator were in category
while the scattered x rays from direct x rays scattered off
detector housing were in category 2. Blocking the holes
the lead blocks on the accessory mount attenuated as m
direct radiation as blocking the holes in the detector hous
However, blocking the holes in the detector housing w
attenuate both the direct x rays and scattered radiations f
the lead blocks collimator. We thus followed the meth
used in reference 2 for the estimation of scattered radiat

We have used four standard lead blocks that are comm
cially available for shielding purposes with some minor dri
ing that can be done in a typical field shaping block fabric
tion room to make the telescope. The arrangement
designed to make the procedure simple and not physic
demanding to set up. The measurement of scattered radia
is done by rearranging the lead blocks so that only four le
blocks need to be handled. However, we have found
typical plastic trays for field shaping blocks need to be re
forced to support the weight of the four lead blocks.

During our measurements of target charge, we simu
neously monitored the target pulses at the ‘‘Target I’’ co
nector of the linear accelerator with an oscilloscope equip
with pulse counting capability~Tektronics 2247A!. On the
15 MV beam of the Clinac 2100C/D, we observed fluctu
tions in pulse counts of 8.5% at a fixed collimator settin
similar to what was reported by Yuet al.6 on some of their
Clinac 600Cs. The simultaneously measured target cha
fluctuated by less than 0.2%. This indicates that the ta
charge method is immune to the fluctuations that affect ta
pulse count.
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FIG. 3. Monitor backscatter factor for the three accelerators and the
photon energies.~a! Clinac 2100 C/D, 15 MV.~b! Clinac 2100 C/D, 6 MV.
~c! Clinac 1800, 15 MV.~d! Clinac 1800, 6 MV.~e! Clinac 6/100, 6 MV.
Open symbol data points were measured with the telescopic method
solid symbol data points were measured with the target charge met
Circular symbol data points were the dependence of monitor backsc
factor on upper jaw settings when the lower jaws were set at 40 cm. Sq
symbol data points were the dependence of monitor backscatter facto
lower jaw settings when the upper jaws were set at 40 cm.
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The ‘‘Target I’’ signal is usually provided as a diagnost
tool for the service person. It is not usually tested in t
acceptance test procedure of the linear accelerator. Also
condition may not be maintained during the life of the tre
ment machine. For example, the electrical connections a
connectors and through the coaxial cable may degrade; o
electrical grounding may change. Although the target cha
method is found to be immune to fluctuations, from the po
Medical Physics, Vol. 25, No. 3, March 1998
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of view of quality assurance, it is still recommended that t
target current signal be checked by a qualified person to
sure that the signal exists, the amplitude is normal and
pulse shape is acceptable before it is used forSb measure-
ments.

The target charge method is simple to setup and it can
implemented without invasive modification to the linear a
celerator. The measurements can be obtained for any
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setting available to the machine including zero jaw setti
The Sb measured on different machines with similar he
design were within 0.5%. It may be possible to establis

TABLE I. Change in monitor backscatter factor (Sb) per unit change in
collimator setting from the slope of the data shown in Fig. 3. The uncert
ties shown are standard errors.

Telescope
(1024/cm)

Target charge
(1024/cm)

Difference
(1024/cm)

Clinac 1800
15 MV
Upper Jaws

5.5 60.2 6.060.2 20.560.3

Clinac 2100C/D
15 MV
Upper Jaws

6.7 60.3 6.360.1 0.460.3

Clinac 1800
15 MV
Lower Jaws

2.1 60.2 2.560.2 20.460.3

Clinac 2100C/D
15 MV
Lower Jaws

1.8 60.3 2.560.1 20.760.3

Clinac 1800
6 MV
Upper Jaws

4.5 60.1 4.760.5 20.260.5

Clinac 2100C/D
6 MV
Upper Jaws

4.8 60.2 4.960.3 20.160.4

Clinac 1800
6 MV
Lower Jaws

1.6 60.1 1.860.5 20.260.5

Clinac 2100C/D
6 MV
Lower Jaws

1.7 60.1 1.760.3 0.060.3

Clinac 6/100
6 MV
Upper Jaws

0.2 60.1 20.460.3 0.660.3

Clinac 6/100
6 MV
Lower Jaws

0.0460.05 20.160.2 0.160.2
Medical Physics, Vol. 25, No. 3, March 1998
.

a

standardSb for each design of linear accelerator treatme
head so that only spot checks with target charge meas
ments would be necessary.

V. CONCLUSIONS
We have demonstrated that monitor backscatter factor

be measured conveniently without invasive modification
the linear accelerator with the target charge method. T
target charge method and the telescope method with s
tered radiation correction give consistent results in the m
surement of monitor backscatter factor.
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