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An gleciron muldleaf collimaior (ehLC) has been desisned that is mique m tat i wmact to 37
cm fom the mocenter [H3-cm smode-to-collimaner distance (30T aod can be deploved o dis-
samces of 20 and 10 oo from the Gsocenter (B0 2nd B0 cm 5CT0, respecovely) It is expected 1o ba
capable of arc thempy af 63 cm S0 isocentmc, Seed-beaw Gemapy o 80 cm SCLY and sorce-
mesurfnce dismnce (5505, fved-beam theragy af 80 cm 5CT. In all positions. i3 leaves could ba
ased for vamodulated o mienssy-modulated therapy. Our zoal m the present wotk iz fo descobe
the gemeral characteristecs of the @MLC ad o demonstrate that its leakage characteristics and
dmmel: e adeguate for 550, fived-beam therapy as ap alternative to Camobend cmeats with
applcators once the procotvpe’s leaves are motorized. Onor ebLT dafa showed interleal elaciron
leakage at 13 MeW io be: lezs than 0.1%: based oo a 00023 cm memifactaring inlerance, and lateral
clactron leakage af & and 13 MeV to be less than 2% 3-ray leakage throngh the leaves was [46%
2t 15 MeW Cur data showed thart beam pemrmbra was mdependent of direction and leaf position
The dosimsic properces of square fislds fommed by the eMLC were very consisien: with those
formed by Cemobend inserts im the 20x 20 cm® applicator. Cratput factors exhibited similar feld-
iize dependence. Aitzap factors exhibited almiost identical field-size dependence af o 3504 (103
and 117 cm), consistent with the cormon assumpten that aingap factors are applicaior indapendant
Percert depth-dose ourves were stmalar, but showsd vanatens up to 3% 1o the huldup repor. The
pencil-bear alzorithm (PEA) & measured dafn fom the ebLT aod applicator-cubous syibems
squalty well, and the resultics mio-dimensional (2-D) dose dismbanons, as predicted oy the FEA
2zreed well at commicn amgap distance Svmlabicy pafiest sebaps for breast and head and ceck
treatmients showed that almest all Gslds could ba trexted using sipnilar 350: as when using apali-
carors, althouph head amd eck treatments require placing the patient’s head oo a head-holder
iraatment inbls eviersiom. The results of this work confirmisd ovr dssizn peals amd soppert the
pocemfial nze of the eMIC desipr in the climical sstung. The eMIC should allow the same eai-
ments a3 are fypically dediversd with the electron applicator-cutout system currently used for fized-
Deam therapy. © J009 dmarican Arsocimion of Physiciss i Madicing

[DOI: 10.1T18/1.156445148)
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Sources of bremsstrahlung radiation
INn electron beams

accelerator head (sc foil & coll)

cerrobend blocks

patient
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Analysis of the bremsstrahlung component in 6-18 MeV electron beams

surendra N, Rusigi and James E. Rodgers
I':i'I.'FI.I'-"-"'n-"lrlllr Radiarion Mediviee Georgerosn Undesraniy Mgl Wachingion, InC 5007

( Recelved 20 July 1986; accepted for pubdication 2 February 1987)

The magnitwde of the bremssirahlung component in the 6-1% MeV ebectron beams fram 8 Varian
Chiac 18 accelerator was mensuresd directly using o 0.16 T magnetic Seld 1o deflect the ¢lectron
beams. The central axis depth jonmation curves were measured at 130- and 197-cm source—
surface dritances in o Therados RFA-3 water phantom with and without the magnet being placed
between the 4 « 4cm” electron cone and the water phantom. Resulis obiained clearly demonsirate
thest the bremsstrahlung component & primanily (> 909 ) generated in the electron scatlering
fail/collimation system and not in the water phantom. The s-ray central axis depth ionization
curves exhsbit baiklup and pttenuation regsons characteristic of megavoltage x-ray beams.
[omization prodikes of the g-ray camponend, measured in g plant perpendicular o the central asis,
were also examined. Analysic of bremsstralilung production as s fumetion of photon collimation
Jew apening shows a strong dependence, especially for the smalles OpENINgs.

Key words: electron beam, bremsstrahlung, dosimetry
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Characteristics of bremsstrahlumg in electron beams
Temothy C. Zhu.® Indra J. Das. and Bengt E. Bjamgard

Dieparomant af Radlabion Cecology, Universly of Parnaplveria, Philcdelphia, Pessurvivamia 19 8M
iFeceived 17 Movemsber 2000; accepted for publication 15 Agmil 2001)

Climical electron beams coptain am admoxmre of bremssmahhog produced mostachures in the
accelerator head in field-defiming cemobend or lead catouts, and in the oradiated patient or water
phaniom Accirate knowledse of these Compsonents is important for dese calculations and treatment
plamming: In this snady, the bramssmahbme componsnts are sepamted for lectron beams (energy
§—21 MaV diameter (-5 om) using measura=ments in water and calonlatons. The results show that
bremssmahlms from the accelerator head domimates and increases with field size for elaciron
Deanys generated by accelarators equipped with scattenng fods. The Dramsstmahlmg froem the fisld-
defining cemrobend accomts for 10% to 30% of the total bremsstahhine and decresses with in-
creasing beam mdms The bremsstrahlung 15 softer than the x-ray beams l!'f«.l}_E:-':l-E:I...lIl_ Toamia:
enerzy since the latter ar= hardeped by the flamerins Alier For the 6, LI, and 31 MV elactron
beany, the affectve atemmiion coeficents o wader for the ':IF'_'EJEE-'.'I'H.I.L'I]]E, are 0058, 00050, and
0.043 cn ™. The depths of mawimam doze a2 100 cm 550 2re 0.8, 1.7, 2né 3.0 cm. The position of
the virmal source of the bremssrabling shifts downsmeam Fom the mominal speurce postton oy 20,
13, 5.6 cm, respectsely, The lateml brenwstrahbms dose dsimibabion 15 more forward-peaked for
higher alecmon enersy. The bremssmakhme companents cold be dascribed for any machine by a
sef of sample moeasurements and cac e modeled by ap anabyical expression. © 200 dmericam

Aszociarson gf Physiors on Medicme: [DOT: 1011187 1383508]

Eay words: bremssmahhme, electon beam, adiotherapy, Mormte Cazlo
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WEIEIELS

Varian Cl 2100C -6, 9, 12, 16 and 20 MeV electron beams

Materials attached to end of 6x6 cm 2 cone
brass
cerrobend
tungsten
polyethylene

Solid Water Phantom — RMI 451

Detectors
TLDs — bremsstrahlung dose

EDR film — CA PDD and beam profiles
Attix parallel-plate chamber — CA PDD




Some Physical properties of the materials

material  Thickness p(g/cMm?),cas (PZ/A) o] wat
(cm)
polyethylene 15.5 0.94 0.968

brass 3.0 8.4 6.79
cerrobend . 04 6.79

tungsten . 18 12.8







Some Electron Beam Parameters

E(MeV) Rso(Ccm) R,(cm)
6 2.4 2.8
9 2.1 4.5
12 6.1 6.3
16 6.8 8.4
20 8.5 10.6




Figure Summary of dose measurements at
Rp+2 for the metals normalized to the dose at
dmax for an open field
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% dose at 1 cm depth for bremsstrahlung radiation
produced by 20 MeV electrons incident on various
materials relative to the dose for an open field at d

for 20 MeV electrons

max

Yo [Dbrem(lcm) / DZOE(dmax)]

Open#  Poly Brass Cerrob W
155cm 3cm 1.7cm 2 Cm

4.9 4.7 6.1 8.5 3.5

* measured at depth of R, + 2 cm = 12.6 cm




% Dose block (d= 3c:m) / Dose °Pen(d . E)
6x6 cm?2 Cone

E(MeV) 6 12
Mat
Tungsten 0.20 0.30

Brass 0.24 0.50

Cerrobend

Open 0.50 0.90
R,+2cm
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OD vs dose EDR film
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Profiles at 1 cm depth in SW of the
bremsstrahlung radiation produced by 20
MeV electrons
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W 2cm

B Brass 3cm
Poly 15.5 cm
Open Rp+2 cm

X Cerrobend 1.7 cm

distance (cm)




CA PDD of the bremsstrahlung produced by
20 MeV electrons incident on the materials.
Note that polyethylene produces the most
penetrating beam.

W 2cm

M Cerrobend 1.7 cm
Brass 3 cm
Polyethylene 15.5 cm

X Open at Rp +2 cm

10depth (cm) o




Summary of PDD in SW for the bremsstrahlung
radiation Produced by 20 MeV electrons incident on
various materials. Notice that polyethylene produces
the most penetrating radiation

Poly Brass Cerrob W
15.5 cm 3 cm 1.7 cm 2 Ccm
d PDD d PDD d PDD d PDD
cm cm cm cm
10 68 6.2 50 82 50 95 50

16,5 50 10 38 10 45 10 49

20 44 20 23 20 26 20 28
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The 25 MeV electron beam was extracted from a Varian Clinac-35 linear accelerator and made to produce x-rays in thick targets of different
B } Alert me to new issues of the journal
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.
Citing Articles

The x-ray vield in the forward direction from 0-5° is essentially the same for both alumimum and lead targets. At angles larger than 10°, a lead } Citing Articles via Google Scholar

target shows a higher x-ray vield and a more penetrating beam than an almminum target.

g Articles by PDDGDREAK, E.B.
tead I Articles by JOHNS, H. E.
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materials. The x-ray beams were flattened by filters of various materials.

We have found that an aluminum thick target gives a more penetrating beam in the forward direction than does a lead or tungsten target.

The flattening filter material is important. A more penetrating beam is produced if the flattening filter is made of alumimum rather than tungsten or

With an alumimum target and an alhuminum flattening filter, we obtain the same depth dose distribution from our linear accelerator as we do from _

our betatron unit operating at the same energy_ In the betatron unit, the radiation is produced in a thin target of tungsten and filtered by alhiminum. ¥ Articles by pDD:;DREAK, E.B.
b Articles by JOHNS, H. E.

For the situations that arise in radiotherapy we have shown that the beam from an aluminum target/ahmminum flattening filter combination can be
flattened just as easily as the beam from a lead targetlead flattening filter combination.

We conclude, therefore, that contrary to conventional practice, low atomic number materials should be used for the targets and flattening filters of high energy radictherapy linear
accelerators.

We plan to extend our investigations of target and filter design to lower electron energies (10-20 MeV).




Summary of PDD in SW for the bremsstrahlung
radiation Produced by 6 MeV electrons incident on
polyethylene and W. The beam qualities are very

similar.

Polyethylene W
5.8 cm
PDD

50

43




CONCLUSIONS

1. These results show that 2 cm thick W stops 20 MeV electrons
while reducing the x-ray dose to a level lower than that
produced in the open field — 1% compared to 4.5%.

The most penetrating bremsstrahlung radiation was measured
for the electrons on polyethylene, the lowest Z material. This
IS consistent with the work of Podgorsak et al® which showed

that at these beam energies the more penetrating radiations is
produced in the lower Z material.

3 These results provide measurements to compare with Monte
Carlo calculations The % central-axis dose (electron and
photon) for 20 MeV electrons at 3 cm depth for open, brass
and W are 4.5, 5.3 and 2.3% respectively, in reasonable
agreement with the published Monte Carlo calculations? of 5,5
and 3.1% for 21 MeV electrons.







OD vs dose EDR film
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Profiles at 1 cm depth in SW of the
bremsstrahlung radiation produced by 20
MeV electrons incident on the materials

W 2cm

B Brass 3cm
Poly 15.5 cm
Open Rp+2 cm

X Cerrobend 1.7 cm

distance (cm)




PDD of the bremsstrahlung produced by 20
MeV electrons incident on materials

¢ Polyethylene 15.5 cm
MOpenatRp +2cm
W 2 cm
Cerrobend 1.7 cm
X Brass 3 cm

10
depth (cm)




Summary of PDD in SW for the bremsstrahlung
radiation Produced by 20 MeV electrons incident on
various materials

Open? Poly Brass Cerrob W
15.5 cm 3 cm 1.7 cm 2 Ccm
d PDD d PDD d PDD d PDD d PDD
cm cm cm cm cm
10 60 10 68

10 38 10 45 10 49

20 37 20 44 20 23 20 260 20 28

#Rp +2cm




Summary of dose measurements at Rp+2 for
the bremsstrahlung produced in metals
relatiave to the dose at dmax for an open field
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CA PDD of the bremsstrahlung produced by
20 MeV electrons incident on the materials.
Note that polyethylene produces the most
penetrating beam.

W 2cm

M Cerrobend 1.7 cm
Brass 3 cm
Polyethylene 15.5 cm

X Open at Rp +2 cm

depth (cm)




Abstract

Bremsstrahlung radiation in electron beams is produced in the
accelerator head (scattering-foil and collimators), the
cerrobend or field defining devices and within the patient. The
dominate contribution comes from the head!. However, in
areas shielded by electron multileaf collimators the
bremsstrahlung produced in the collimating leaves will be
significant. Here the total bremsstrahlung dose is measured
for megavoltage electron beams incident on three metals
used to simulate the collimating leaves in a multileaf
collimator. Beam profiles at 1 cm depth are obtained as well
as percentage depth dose measurements to estimate the
beam quality of the radiation distal to the materials. Some
results show good agreement with published Monte Carlo
calculations?




Materials and Methods

A Varian CI| 2100C is used to provide 6, 9, 12, 16 and 20 MeV
electron beams. At the end of the standard 6x6¢cm? cone are
positioned materials of appropriate thickness to simulate the
multileaves. The materials studied are brass, cerrobend and
tungsten. Although polyethylene is not practical for use as
multileaves, it is included because it is similar to the
bremsstrahlung for an open field and also to compare with the
radiation quality from the higher z metals. Thermoluminescent
dosimeters (0.089 cm thick by 0.32x0.32 cm?), EDR film and
an Attix parallel-plate ionization chamber are used to measure
the central axis x-ray dose in a solid water (RMI 451) phantom
at a source-to-surface distance of 100 cm. Film oriented
parallel to the beam is used to obtain beam profiles at 1 cm
depth and also the central-axis percentage depth dose to
estimate the beam quality of the bremstrahlung spectra.




