Measurement of backscatter to the monitor chamber of medical
accelerators using target charge

Kwok L. Lam, Moorthy S. Muthuswamy, and Randall K. Ten Haken®
Department of Radiation Oncology, University of Michigan, Ann Arbor, Michigan 48109-0010

(Received 2 May 1997; accepted for publication 12 December 1997)

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 Medicings0094-2405(98)00603-8]
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|. INTRODUCTION Shraggé and was used by Watts and Ibbdtin their

ch in th t of radiation backscattered f Imethod, invasive change to the circuitry of the linear accel-
~hanges in the amount of radiation backscattered from Coig 545 \y55 necessary. The target current circuit of the accel-
limators to the monitor chamber can affect the energy flu

it it of a photon bed Also. it has b ‘erator was interrupted, the target current was reduced by
ence permonttor unit of a pnoton beam.AISo, It has DEEN  yneq orgers of magnitude by a shunt circuit, and the target
found to be a contributing factor in collimator exchange

fectl Th wibuti f backscattered radiation to th charge was then measured with an electrometer. The tele-
erect. ¢ contribution ot backscatiered radiation 1o escopic method introduced by Kubmvolves the handling of
charge collected by the monitor chamber depends on th

: . eavy custom made collimators.
setting of the collimators. Thus the amount of charge col- y

lected by th itor chamber f . ber of b Here, the primary purpose was to improve the measure-
ected by the monitor chamber for a given number o rems—g]ent of the target charge by design and implementation of a
I

strahlung photons generated at the target changes as the ¢ mple circuit totally external to the accelerator electronics so

I|matortsett|ngh is varied fromfm|n|r|num :g ma(>)<|r5no;1rrj[. Ths that no modification to the accelerator is necessary. We have
percentage change ranges from Iess than ©.57 10 a 0éﬂso improved the technique for measuring backscatter with

th /°'d tTZﬁfongm of f[hltshwﬁe rangef 3: depﬁ'ndgt;;z ;?n be[he telescopic method so that components of the setup are
raced to difierences In the design ot the cofim € physically easy to handle and scatter from the collimation
monitor chambe?.The dosimetric effect of backscattered ra- system and the room can be estimated more accurately. The

d|at|(_)n fo the monitor chamber can be accounted for USIn%onsistency of the monitor backscatter factors measured with
monitor backscatter factols These factors specify the num-

monitor unit at a given collimator setting normalized to that
at a reference collimator settindM S(w) in Patterson and
Shraggé and Sp(ry,ry) in Lam et al?]. Since the monitor
backscatter factory,) due to backscatter to the monitor Il. MATERIALS AND METHODS
chamber and the head scatter factor due to scattered radiation The measurements were made on a Clinac 6/100, a Clinac
in the treatment head depend differently on the collimatorl800, and a Clinac 2100C/D. The x-ray energy on the Clinac
setting? it is important to quantify backscatter to the monitor 6/100 was 6 MV. The Clinac 1800 and Clinac 2100C/D were
chamber. dual energy machines with 6 MV and 15 MV x-ray beams.
Photoactivatiort, beam on time with beam current feed- The Clinac 6/100 had a mica monitor chamber and Kapton
back disabled, number of beam pulsés® addition of an chambers were installed in the Clinac 1800 and the Clinac
attenuator between the collimator and the monitor charber2100C/D. The steel exit window of the mica chamber attenu-
target chargé,and forward photon fluence from the target ated backscattered electrons from the collimators and pro-
with telescopic collimatioh*~® have been used to quantify vided a source of electrons while the Kapton exit window of
backscatter to the monitor chamber. The methods differ ira Kapton chamber transmitted backscattered electrons which
how the number of bremsstrahlung photons generated at thentributed to the ionizations collected in the chamb€he
target for a given number of monitor units is measured. PhoS,’s were measured with both the target charge method and
toactivation and addition of an attenuator require invasivehe telescopic method on all five x-ray beams, as described
introduction of test components into the treatment headbelow.
Beam on time and number of beam pulses depend on the In Varian Clinac linear accelerators, the target was insu-
accelerator to be stable. It has been found that fluctuations ilated from electrical ground and connected through a coaxial
pulse counts could be more than 10% on some machinescable to a 50 ohm loatFig. 1). This signal was available at
The target charge method was suggested by Patterson aadonnector labeled “Target I(“Beam I” on older models

onstrated.
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Fic. 2. Experimental setup for the telescopic meth@d.The setup for the
measurement of collimated and scattered radiation. The distance between
the target and the bottom of the lead block collimator was 65 cm for Clinac
Fic. 1. Interface circuit to convert the voltage pulse at the target curren/100 and Clinac 1800 and 68.5 cm for Clinac 2100 Qi).The setup for
output from the accelerator to a signal that the electrometer can integratéhe measurement of scattered radiation. The lead blocks numbered 1 to 4 on
The LF356N is a FET input operational amplifier. The 6N135 is an opto-the accessory mount were rearranged fi@n

coupler with a phototransistor output and the collector-base junction of the

phototransistor is used as a photodiode to improve frequency response. Thlick blocks of Cerrobend 10.5 cm wide by 10.5 cm long. An

1N4448 is a silicon signal diode. IC-10 chambefWellhofer Dosimetrie)vas in the middle of

the detector housing as shown in Fig. 2. The chamber with

its 1 mm thick cap was in a horizontal channel on the top
of Clinac). The current collected by the target generated aurface of the lower block of the housing. A 0.516 cm diam-
voltage on the order of 1 V across the 50 ohm load. Weeter vertical hole in the upper block of the housing colli-
assumed that a potential change of about one volt on thmated the x rays before they were detected by the chamber.
target would not significantly affect the current deposited The detection solid angle was determined by the lead
from an electron beam of several MeV so that the voltagéblock collimator consisting of a stack of two lead blocks
across the 50 ohm load would be proportional to the electroplaced on the accessory mount with 0.476 cm diameter holes
current generating bremsstrahlung photons in the target. Walong the central axis of the x-ray bedivlocks 3 and 4 in
used a circuit as shown in Fig. 1 powered by two 9 V bat-Fig. 2(a)]. The lead blocks were 5.1 cm thick, 10.2 cm wide,
teries to measure the target charge. The operational amplifi@nd 20.3 cm long. One similar lead block was placed on each
LF356N converted the voltage to a current through the optoside of the stack with the 10.2 cm side vertiffallocks 1 and
isolator 6N135. The output of 6N135 was then integrated by2 in Fig. 2a)]. The four lead blocks together formed a
a Keithley 616 electrometer. The 285kpotentiometer in the 20.3 cmXx20.3 cm10.2 cm structure. The holes in the lead
circuit was adjusted so that the output of the operationablocks, the hole in the Cerrobend housing and the chamber
amplifier (pin 6) was at—30 mV when the input was discon- were aligned by the cross hair of the light field, and the
nected from the accelerator. This ensured that there was ralignment was further optimized by maximizing the charge
current generated at the output to the electrometer when treollected by the chamber.
beam was off. Charges collected by the chamber for 500 MU were re-

The target charges for 100 monitor unifdU) were de- corded with the upper jaws varied from 3 cm to 40 cm set-
termined for upper jaw settings varied from 0.5 cm to 40 cmtings when the lower jaws were kept fixed at 40 cm as well
with the lower jaws held fixed at 40 cm as well as lower jawas with the lower jaws varied from 3 cm to 40 cm settings
settings varied from 0.5 cm to 40 cm with the upper jawswhen the upper jaws were kept fixed at 40 cm. The collima-
fixed at 40 cm. The target charge at 40 cm by 40 cm wasor setting at 40 cm by 40 cm were measured repeatedly
measured repeatedly during the course of the measuremethiring the course of the measurement. To estimate the
to monitor the stability of the machine. The target chargesamount of scattered radiation, the lead blocks with holes
were then normalized to the average reading at 40 cm by 4@ere switched in position with the lead blocks on the sides
cm field size setting to obtai§,’s. so that there was no hole along the central @kig. 2(b)].

For the telescopic method, the experimental setup consistBhe measurements were then repeated for the same jaw set-
of a detector housing and a lead block collimator with thetings. The charges from scattered radiation were subtracted
gantry oriented so that the x-ray beam was directed verticalljrom that collected with the telescope and the results were
towards the floor as shown in Fig. 2. The detector housinghormalized to the average value of the 40 cmXx40 cm field
was on the floor at 230 cm from the target. The lead blocksize setting.
collimator was on the accessory mount. The bottoms of the We limited the smallest field size to 3 cm and tracked the
lead block collimators were 65 cm and 68.5 cm from thetrend of the data between 3 cm and 5 cm field sizes for the
target for the Clinac 6/100 and the Clinac 2100C/D, respectelescopic method to ensure that the upper jaws did not ob-
tively. scure the area of the target that was visible from the detector

The detector housing consisted of a stack of two 7.6 cnthrough the lead block collimator. For the target charge

resistances are in ohms 25k
capacitances are In microfarads
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method, all these precautions are unnecessary because daiw for scattered radiation. The field of view usually covers
can be obtained at any field sizecluding zero field size). the additional collimatofthe four lead blocks in our setup
We decided to replace the 3, 4, and 5 cm measurements bytlat constitutes the telescope. For example, in the measure-
measurement at 0.5 cm, the minimum jaw setting for thement of S, for the 15 MV beam on the Clinac 1800, the

Clinac 2100C/D. chamber reading for the scattered radiation was 1.3% of that
from the telescope when the jaws were fully open and it was
IIl. RESULTS 0.6% when one of the jaws were set to 3 cm. Since the small

The S,'s for the five beams are shown in Fig. 3. ResultsChange n signal for dlff_ergnt jaw settn_’ngs_ 1S measured, the
change in scattered radiation can be significant.

from the tel ic meth nd the target charge meth r ) ;
° e telescopic method and the target charge method are When Kubo introduced the telescopic metidde mea-

within 0.3% for all the beams measured. The dependencies d th ttered radiati ith te chamb .
of S, on collimator setting are fit to a linear function by the sured he scattered radiation with a separate chamber posi-

least squares method. The slope of the fit to the data, whicploneéj next to the signal chambe'r away .from the Sl!t' yu
et al’ measured the scattered radiation with no hole in any

is the change ir§, per cm of change in collimator setting, 2 .

are shown in Table I. The uncertainties shown in the tele;?f rt_]hg Iefﬁ?nbli(:kfh Lirst E:In tﬁsisleada:hf ;%it;?gzdorr??rlwa-

scope and the target charge are standard errors of the slopé% y g up the hole oflimato €
ccessory tray and leaving the hole in the detector housing

im from linear | res fitting of th . Th L .
estimated fro ear least squares fitting of the data §pen. The radiations detected can be grouped into three cat-

the uncertainties shown are the sum in quadrature of th gories(1) direct x rays from the target passing through the
oles in the collimatord2) x rays scattered from the direct x

standard errors of the two methods. The results for the tw - and(3 ttered p that did not
methods shown in Table | are highly correlated with a Pearidys: an (3) scattered x rays from x rays that did not pass

son Correlation of 0.99. A pairedtest results in insignifi- through the collimating holes of the telescope. Scattered x

cant(P=0.47, two tai) difference in the mean of the results :ﬁys n ;:tate%ory 2 are protportlongl rt10 the dg.?fCt X rffyslz/jvh[le
in Table | for the two methods. e scattered x rays in category 3 have a different field size

dependence compared to direct x rays. The goal of all these
three different methods is to estimate the scattered x rays
IV. DISCUSSION which had a different field size dependenoategory 3 x
The dependence &, on jaw opening shown in Fig. 3 can rays)so that they can be subtracted from the signal. In our
be approximated well by a linear dependence for all mameasurements, scattered x rays from the room and scattered
chines studied. This is consistent with the parametrizatiorx rays from the lead block collimator were in category 3
proposed by Lanet al? and results reported by Kufoyu  while the scattered x rays from direct x rays scattered off the
et al® (for jaw settings>5 cm), and Lamet al? Thus the detector housing were in category 2. Blocking the holes in
data were analyzed by the linear least squares method. Tliee lead blocks on the accessory mount attenuated as much
S, of Clinac 6/100 measured by both the target chargelirect radiation as blocking the holes in the detector housing.
method and the telescopic method show little dependence ddowever, blocking the holes in the detector housing will
jaw settings, similar to the results repoftasiith the target attenuate both the direct x rays and scattered radiations from
pulse counting method and the telescopic method. This ithe lead blocks collimator. We thus followed the method
due to backscattered electrons being stopped by the steel exised in reference 2 for the estimation of scattered radiation.
window of its mica monitor chamb@rThe stronger depen- We have used four standard lead blocks that are commer-
dence on jaw settings for the other two accelerators is due toially available for shielding purposes with some minor drill-
the transmission of backscattered electrons through the thiimg that can be done in a typical field shaping block fabrica-
windows of the Kapton monitor chambeY3he high energy tion room to make the telescope. The arrangement is
beams on both the Clinac 1800 and Clinac 2100C/D showedesigned to make the procedure simple and not physically
a larger change ir§, than the corresponding low energy demanding to set up. The measurement of scattered radiation
beams when collimator setting was varied. This is also supis done by rearranging the lead blocks so that only four lead
ported by previous reports blocks need to be handled. However, we have found that
The mean of the differences in the last column of Table Itypical plastic trays for field shaping blocks need to be rein-
is 0.1x10%“cm™! with a standard deviation of 0.4 forced to support the weight of the four lead blocks.
X 10 * em™?, indicating that there was no systematic differ-  During our measurements of target charge, we simulta-
ence between the results of the two methods. The standargtously monitored the target pulses at the “Target I” con-
deviation compares well with standard error estimates shownector of the linear accelerator with an oscilloscope equipped
in the last column of Table |. Together with the fact that thewith pulse counting capabilityTektronics 2247A). On the
results of the two methods were highly correlated and therd5 MV beam of the Clinac 2100C/D, we observed fluctua-
was no significant difference in the mean from the pairedions in pulse counts of 8.5% at a fixed collimator setting,
t-test, we consider the results measured by the target chargémilar to what was reported by Yet al® on some of their
method and the telescopic method to be consistent with eadBlinac 600Cs. The simultaneously measured target charge
other. fluctuated by less than 0.2%. This indicates that the target
For the telescopic method, the collimating hole in the de-charge method is immune to the fluctuations that affect target
tector housing in front of the detector determines the field opulse count.
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Fic. 3. Monitor backscatter factor for the three accelerators and the two
photon energiega) 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 and
solid symbol data points were measured with the target charge method.
Circular symbol data points were the dependence of monitor backscatter
factor on upper jaw settings when the lower jaws were set at 40 cm. Square
symbol data points were the dependence of monitor backscatter factor on
lower jaw settings when the upper jaws were set at 40 cm.

The “Target I"” signal is usually provided as a diagnostic of view of quality assurance, it is still recommended that the
tool for the service person. It is not usually tested in thetarget current signal be checked by a qualified person to en-
acceptance test procedure of the linear accelerator. Also, isure that the signal exists, the amplitude is normal and the
condition may not be maintained during the life of the treat-pulse shape is acceptable before it is usedS§pmeasure-
ment machine. For example, the electrical connections at theents.
connectors and through the coaxial cable may degrade; or the The target charge method is simple to setup and it can be
electrical grounding may change. Although the target chargamplemented without invasive modification to the linear ac-
method is found to be immune to fluctuations, from the pointcelerator. The measurements can be obtained for any jaw
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TasLe |. Change in monitor backscatter factoB,j per unit change in standardS, for each design of linear accelerator treatment
collimator setting from the slope of the data shown in Fig. 3. The uncertainhead so that only spot checks with target charge measure-
ties shown are standard errors.

ments would be necessary.

Telescope Target charge  Difference

V. CONCLUSIONS

(10%/cm) (10%/cm) (104/cm) '
Cinac 1800 o5 202 50202 T 05:03 We have demonstrgted tha_t monr_[or ba_ckscatte_r_ fac_tor can
15 MV s D e be measured conveniently without invasive modification to
Upper Jaws the linear accelerator with the target charge method. The
Clinac 2100C/D 6.7 +0.3 6.3+0.1 0.4+0.3 target charge method and the telescope method with scat-
15 MV tered radiation correction give consistent results in the mea-
Upper Jaws surement of monitor backscatter factor.
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