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Abstract

True Beam medical linear accelerator is capabl@adifvering flattening filter free (FFF) and withaftening filter
(WFF) photon beams. True Beam linear accelerateqispped with five photon beam energies (6 FFW-, 10
FFF, 10 WFF and 15 WFF) as well as six electrombenergies (6 MeV, 9 MeV, 12 MeV, 15 MeV and 18 MeVhe
maximum dose rate for the 6 WFF, 10 WFF and 15 ¢FED0 MU/min, whereas 6 FFF has a maximum doseaft
1400 MU/min and 10 FFF with a maximum dose rat24®0 MU/min. In this report we discussed the opearb
dosimetric characteristics of True Beam medicadinaccelerator with FFF and WFF beam. All the rdesiic data
(i.e. depth dose, cross-line profiles, diagonafifg®, output factors, MLC transmission, etc.) MV, 6 FFF, 10 MV,
10 FFF and 15 MV were measured and compared wiiptiblished data of the True Beam. Multiple detecteere
used in order to obtain a consistent dataset. Téesored data has a good consistency with the nefergolden beam
data. The measured beam quality index for all trents are in good agreement with the published @agpercentage
depth dose at 10 cm depth of all the available guhdieams was within the tolerance of the Variareptance
specification. The dosimetric data shows consisaedt comparable results with the published datstitér True Beam
linear accelerators. The dosimetric data providamusppreciated perception and consistent amongubkshed data

and may be used for future references.

Introduction

True Beam (M/S Varian Medical Systems, Palo Alt@)Gs
the state-of-the-art modern Medical Linear Accdl@ra
commercially available with millennium-120 leaf rideaf
collimator (True Beam) or Varian high definition ) multi-
leaf collimators (True Beam STx). True Beam STx eiad a
dedicated machine for stereotactic radiotherapl thié Varian
HD MLC, which has central 8 cm (32 leaf pairs) 02® cm
MLC leaf width and peripheral 28 leafs with 0.5 t@af width
at isocenter, whereas True Beam model has a millenn120
MLC has central 20 cm (40 pairs) with 0.5 cm leadittv and
peripheral 20 leafs with 1cm leaf width at isocentg United
Hospital, Dhaka, Bangladesh we have commissioneditst
True Beam Linear Accelerator and started the dingervices
from November 2013. In this report, we would likeshare our
dosimetric data of the True Beam linear acceleratih
flattening filter (WFF) and flattening filter fre@FFF) beam.
True Beam linear accelerator is equipped with Stqihdoeam
energies (6 FFF, 6 WFF, 10 FFF, 10 WFF and 15 \\4¥ig) 6
electron energies (6 MeV, 9 MeV, 12 MeV, 15 MeV &t
MeV). The maximum dose rate for the 6WFF, 10 WF#& &5

79

WFF is 600 MU/min, whereas 6 FFF has a maximum datse
of 1400 MU/min and 10 FFF with a maximum dose rate
2400 MU/min.

The 6 FFF and 10 FFF mode has a higher dose vateod
the removal of the flattening filter, which results reduced
head scatter from the linear accelerator head cdp@ the
flatten beam. FFF beam also has a beam softenimpar@ to
the flattened beam due to the absence of the rlatiefilter,
which results in the lesser dose outside the fezldes. The
carousel system has been modified in the True Béam
accommodate more photon and electron beam enétdies

In this report, we would like to summarize the geeam
dosimetric characteristics (i.e., depth dose, eliogsprofiles,
diagonal profiles, output factors, MLC transmissietc.,) of
True Beam medical linear accelerator.

Range of measured data

The dosimetric parameters and the range of the unedislata
for 6 MV, 6 FFF, 10 MV, 10 FFF and 15 MV were lidtim the
Table 1.



Mani et al: Dosimetric characteristics of True Beam medical linear accelerator

Table 1. Dosimetric parameters and itsrange
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S.No Par ameter s Field size (cm?) Depth
1. Percentage depth dose 1x1 to40x40 0to3lcm
2. Cross-line profile 1x1to40x40 (Dmax, 5 dfl,cm, 20 cm & 30 cm)
3. Diagonal profile 40 x 40 (Dmax, 5 cm, 10 cm,c20 & 30 cm)
4. Output factor 1x1 to40x40 SSD techniguedtor at 10 cm depth
5. MLC leaf transmission 10x 10 SAD technique dieteat 10 cm depth
6. Jaws transmission 10x 10 SAD technique detettd® cm depth
7. Dosimetric leaf gap Not Applicable SAD techniglezector at 10 cm depth
8. Absolute dosimetry 10x 10 SSD technique deteatt@0 cm depth

Table 2. Physical Characteristics of Semiconductor detectors

Detector Type Stem material _Active area A_ctivevolume Head diameter Head length Stem diameter Water proof
diameter (mm) thickness (mm) (mm) (mm) (mm) Y/N

PFD % - pSi Stainless Steel 1.6 0.08 7.2 17 4.0 Y
EFD # - pSi Stainless Steel 1.6 0.08 7.2 17 4.0 Y
SFD & - pSi Stainless Steel 0.6 0.04 4.0 15 4.0 Y
RFD # - pSi ABS and epoxy 1.6 0.08 5.0 90 n.a N

Table 3. Physical Characteristics of lonization chambers

Detector Type Actnzsrx%lume I-lc-e;):]?La(ﬁ:r\g; Dlgr;getre(:dcéf(cr:na:;)ral Wall material Wal(lgt/tglrﬁl%ness Cemrrrgltjr?;tlmde Wa:(er/p'\rloof
FC65-G 0.65 23 1.0 Graphite 0.070 Aluminum Y
CC13 0.13 10 10 C-552 0.070 C-552 Y
CCo1 0.01 3.6 0.35 C-552 0.088 Steel Y

Detectors and phantom setup
All the measurements were performed using IBA desiyn
system, the relative dosimetry (i.e., Percentagpthdelose
(PDD), cross-line profile, diagonal profile, outpattor) were
measured in the IBA Blue Phantom 2 radiation figfwlyzer.
The absolute dosimetry for all the photon beam giasrwas
performed using the WP 34 absolute dosimetry phmar{tBA,
GmbH, Germany). The MLC leaf transmission, secongiam
transmission and dosimetric leaf gap for all thailable
photon energies were measured using the Solid vw&&34
white Polystyrene phantom along with the FC65-Gzation
chamber. The Blue Phantom Radiation field analyzas a
measurable dimension of 480 mm x 480 mm x 410 nemgth
x width x height) with a position accuracy, reprothility and
position within 0.1 mm. It has a maximum scannipges of
50 mm/sec. The Blue phantom is connected to thenwmm
control unit using a custom trigger interface of B cable,
which has a bias voltage range from 50 V to +500TYe
Radiation field analyzer also connected to a wedeervoir of
220 liter capacity attached with a dual pump system

The semiconductor detectors and the ionizationmbleat

used for the beam data commissioning and its péalysic

characteristics were listed in tiiable 2 andTable 3.

A semiconductor detector based on silicon givesigaal
which is high compared to the signal from an altedi
ionization chamber with the same volume. There tave
reasons, (i) The energy required to produce anpan-in
silicon detector is approximately 3.6 eV and theesponding

energy required for an air-filled ionization chamizeabout 33
eV, (ii) The density of the silicon is about 200fés higher
than that of the air.

The ionization chambers are the real choice ferahsolute
dosimetry measurements and also used in the mlativ
measurements for PDD and profile measurementshéofiéld
size larger than 5x5 ¢én the ionization chamber may
overestimate the beam penumbra compared to thealactu
particularly in small fields.

Reference detector placement for relative
dosimetry measurements

The photon and electron beam produced in the mieliesar
accelerator are pulsed beams, which causes thealsign
fluctuation by the pulse beam which may end-up lwe t
unsmooth profile or PDD curves. This fluctuationnche
avoided by two methods, the first method is takemyeral
measurements and average it, this can be an aeauethod,
but highly time consuming [2]. The second methodsimg an
another detector as a reference detector placttiair inside
the radiation field edge, since the reference deteand the
field detector subject to the same fluctuations, filactuation
can be mathematically suppressed, thus giving ldestgnal
acquisition[3].

As fields approach smaller sizes, in case of etaptic
fields, the maintenance of the reference will beerdifficult,
and every time need to enter the linear accelenaiom to
change the reference detector position to avoids#taration



Mani et al: Dosimetric characteristics of True Beam medical linear accelerator

and renormalization is required for every time dern the
reference detector position.

We used a simple method [4] to solve this issugllaging
the edge of the reference detector in the radidtadd above
the secondary jaws and below the primary collimasshown

in the Figure 1. This method helps us to save time as well as

avoid the reference detector interference ovefidié detector
for the smaller fields.

Per centage depth dose

The PDD measurements of the photon beam energies we

carried out using the CC01 / CC13 ionization chamnibethe
filed size from 1x1cfmto 40 x 40 crh During the PDD
measurements for the photon beams, the effectivet pd
measurements must carefully adjust to obtain prdpeb.
Cylindrical ionization chambers produce perturbagion the
medium, and hence the point of measurement iscuitrately
defined in photon and electron beams [5]. The guatdi
perturbation is often corrected by a shift methegehding on
the type of ion chamber. PDDs were measured acupidithe

IAEA TRS-398 recommendations. PDD scanning directio

should be always from bottom to the top, to avdiel wobble
of the water surface. The PDD measurements were dsimg
SSD of 100 cm on the phantom surface for the degpthe of 0
to 31 cm. The reference detector is placed abavedhondary
collimator as shown in theigure 1. The dose rate for 6 WFF,

10 WFF and 15 WFF were kept 400 MU/min and for & FF

and 10 FFF the dose rates were 800 MU/min durieg”RBD
measurements. During the PDD measurements thesgep
were kept 1 mm for first 0 to 50 mm, remaining 5o 310

mm were measured with 2.5mm grid size and the

measurement time were 0.5 sec per points. All th® Rlata
were normalized to 10 x 10 émfield size at Depth of

Maximum (D, for all the available photon beam energies,

hence we can convert the PDD data to the eclipdeRflle
without any renormalization.

Cross-lineprofiles

Cross-line profiles for various field sizes fronx 1 cnf to 5 x
5 cnf were measured using the SFD detector and frorfietue
size 5x5crh to 40 x 40 cth were measured with CC13
ionization chamber for all the photon beam energigh the
same dose rate specified in the PDD at five differdepths
(Dmax 5 ¢m, 10 cm, 20 cm & 30 cm). The field size 5on8
measured with the SFD and CC13 were cross checkeithd
deviation due to the setup errors. All the cross-lprofiles
were acquired with minimum of 5cm outside the dliso
penumbra on either side to account for the accuatilation
outside the radiation fields. The reference detewtas also
placed above the secondary jaws for all the -criogs-|
measurements. Measuring all cross-line profile witliode is
equally acceptable, as long as care is taken ®atturacy of
the measured profile outside the field in the peofail region
as well as inside the field.
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Field Detect

(b)

Figurel. (a) illustrates the reference chamber placement above
the secondary jaws and below the primary collimator (b) photo
graph of the reference detector placement above the secondary
jaw.

Diagonal profiles

For the Eclipse photon beam data configuration eguired
the diagonal profiles only for the filed size 4@&cnf at
various depths (R 5cm, 10cm, 20cm & 30cm). The
dimension of the Blue phantom and most of the coroiake
radiation field analyzer were not capable of meiaguthe full
profile due to its limitation in the dimension, lentry to take
the half profile by moving the radiation filed ayztr to one
side with adequate scatter for the detector andrezted the
half profile to the full profile using the omnipraccept
software option of make symmetric using right dt $ide.
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(a) Open Field

(b) B Bank transmission ML C position
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(c) A Bank transmission ML C position

Figure 2. (a) open field ML C 10 x 10 cm?, (b) B Bank transmission ML C position, and (c) A Bank transmission ML C position.

Output factors

Output factors were measured using two detecter&#D and
the CC13 ionization chamber at 10 cm depth usimgSAD
technique. Output factors were measured from txflto 40
x 40 cnf, using two types of detectors. Small fields (whate
least one field dimension is smaller than 4 cm)enmeasured
with the diode. Larger fields were measured with ithhization
chamber. According to this definition, a 3 x 40°cfield still
belongs to the "small fields", whereas a 5 x 5 dield is a
"large field". The 4 x 4 chused as a cross-reference field for
both the detectors and it's only for cross caliorat EFD are
shielded diodes and recommended for the small filetbut
factor measurements, the EFD is directly connetdeatie IBA
Dose 1 electrometer without applying any voltagal yean
measure the charge produced in EFD for the ougmiofs.

Jaw transmission

Jaw transmission measured preferably with a largeinve
chamber using a solid or water phantom with SADhhégue.
Irradiate at-least 300 MU for the open field siZel® x 10 cm
and note down the value, we need to measure thendacy
jaws independently using the asymmetric jaw ovetridr e.g
the Y1 jaw can override the isocenter by 10 cmgdtermine
the Y1 jaw transmission keep the X jaw symmetriccQ Y2
jaw 10.5cm and Y1 jaw at -10 cm. The ratio betwdla
readings with Y1 jaw to the open field is the Ylwja
transmission; repeat the same procedure for Y2 pavjiaw
transmission measurement is slightly trickier, sicjaw can
override only 2 cm over the central axis, try to veacthe
ionization chamber offset by 5 cm such that your j4& at
-2 cm, keeping only the X1 jaw just above the iafian
chamber and measure the transmission factor.

MLC leaf transmissions

MLC leaf transmission were measured using a largjeme
chamber preferably farmer chamber, with a watemfira or
slab phantom using SAD technique, by keeping the $&cm
on the surface of the phantom and the detecto® &t at the
isocenter. Make sure the detector is placed albegerpendi-
cular direction of the MLC leaf. The open 10 x 1 dield
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was irradiated to 300 MU and kept as a referenading and
the transmission of the A and the B bank were taken

The percentage ratio between the average A andarik b
transmission to the open field is calculated as &CM
transmission factor. The same procedures were tegbéar all
the available photon beam energies. The MLC pdaalthe
open beam, MLC A bank and the B Bank were showthén
Figure?2.

Rr,A+RTB
RT = - -
2

whereR; is the average tranmission of the bank ‘A’ and IBan
‘B’ MLC, R, is the tranmission factor the the ‘A’ Bank and
the Ry p is the tranmission factor the ‘B’ Bank respectyvel

Eq. 1

Dosimetric L eaf Gap

The dosimetric leaf gap describes an effective $bdft due to
the round leaf end design of most MLCs. The dyndeat gap
is defined as a gap between light and radiatiddgjeand can
be measured by extrapolating the size of statidyramic
fields formed by MLC leaves to the size under whitie
measured dose equals the MLC leakage [6]. To ingptbe
agreement between treatment planning predictedhdrieand
measured fluence, we need to tune the dosimeaiqgkp from
the measured dynamic leaf gap [5]. Dosimetric |gafp
accounts for dosimetric effect of rounded leaves iampplies
both for dynamic and static MLC treatment mode.

This value is determined by using Varian MLC files
digital image communication in medicine (DICOM) efil
provided by Varian to measure the isocenter dosesliding
gaps with different widths The Varian DICOM file rtains
fields with sliding MLC gap. 2, 4, 6, 10, 14, 16) &m gap
sizes are provided. The gap moves from -60 mm @ mfh
with constant speed with respect to MU. The legestion is
defined every 10 mm by a control point. The reagltiluence
is uniform within the field size of 10 x 10 émMeasure the
readings for the different gap files and documénCalculate
contribution of the average MLC leaf transmissiornthe gap
reading R,r) for each gap.
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DLG2.31 mm {

Figure 3. Determination of Dosimetric L eaf Gap

The contribution of transmission to gap readindefned as:

Eq. 2

Ryr = Ry [1 __g[mm] ]

120[mm]
whereR; is the average tranmission of the bank ‘A’ and Ban
‘B’ MLC, 120 [mm] is the leaf travel distance usedprovided
DICOM files. Calculate corrected gap reading foclegapg.
Corrected gag,, is defined as:

Ry =Ry — Ryr Eq. 3

Fit a linear functiory(Rgr) = aRy + b to points given by gap
sizeg and corrected gap readiig,. Write down the intercept

of the fitted function lf). The absolute value ob* is the
Dosimetric Leaf Gap as shown in tRegure 3. The measured
doseD can approximately be described by the linear fonct

Absolute Dosimetry

Absolute dosimetry for all the available photon rgnes was
determined using the IAEA Technical Report SeriedR$-398)
[7]. Beam quality index were measured for all the fohoton
energies using the TR, and absolute dose determination
were done at 10 cm depth using SSD technique. Wl t
measurements were carried out using the IBA WP atew
phantom with farmer 0.65 cc (FC 65-G) chamber. Teter
readings were corrected for temperature-pressureeatmn,
polarity effect and recombination effect. The coteel meter
readings were multiplied using the absolute dosewsder
calibration factor(ND,W_Qo) provided by the secondary standard
dosimetry lab along with the appropriatg Kccording to the
beam quality. The machine was tuned to deliver ¥/RIG at
SSD technique at R, for all the available photon energies and
kept as a baseline.

DW,Q = MQ ND,W:QO kQ:QO Eq. 4
Some institutes still using the AAPM TG-51 protodolr
clinical reference dosimetry of high-energy phot@md
electron beams [8] which is released in 1999, kio¢hTG-51
and TRS-398 conception and the basic theory maxldéhé

same, except there is a small change in the measateof
beam quality measurement in TG-51 compared to T&RS-3
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which is to use the 1 mm lead foil to avoid thec#len
contamination for 10 MV and above.

Major dosimetry issues for FFF is with the actiian
chamber volume are (i) the FFF beams are not flahce
uniformity correction need to be applied, (i) FBEBams are
not well filtered, so the large spectral variataffects the beam
spectrum and beam quality and (iii) FFF beams ass |
attenuated and hence the increase in the doseegténgrease
the ion combination correction factor.

The ion recombination correction factor(Ks accounted to
correct the incomplete collection of charges anis itlirectly
proportional to the dose per pulse of the machiuigpwd [9].
For the FFF beams, the doserate increases arobntb 24
times of the conventional flatten photon beam datest But,
Ks correction factor were within 2% from the unity €1K <
1.02) for Farmer, PinPoint and Parallel Plate chemfor 6
MV and 10 MV FFF beams [9]. Thegi€orrection factor will
increase with the increase in the dose per pulse.

Results and discussion

PDD measurements for all the photon beam energe® w
acquired from the field size 1 x 1 érto 40 x 40 crh Beam
softening were observed for the 6 FFF (2.7%) and-A®
(2.7%) beam compared to the 6 MV and 10 MV beanth wi
flattening filter for 10 x 10 cifield size PDD at 10 cm depth.

The measured PDD for 10 x 10rfor all the available
energies were illustrated in tikégure 4. The PDD for the field
size 1x1crh to 40x40crh for 6 MV is listed in the
Figure5. The PDD for 10 x 10 chreference field size at 10
cm depth for the photon beams 6 FFF, 6 MV, 10 FRFMV
and 15 MV were 64.4%, 67.1%, 71.8%, 74.5% and 77.3%
respectivelyFigure 4 clearly illustrates that 6 FFF has a softer
beam compare to the 6 MV beam and similarly th&BB has
a beam softening compared to the 10 MV beam. Thb BD
all the flatten beam were compared with British rdal of
Radiology Supplement 25 [10] which was released 986,
BJR reference value for PDD at 10 cm for 6 MV, 1¥ lknd
15 MV photons were 67.5%, 73.0% and 77.0% respagtiv
and they were within £0.7%.

The surface dose derived from the PDD for alldakeilable
photon energies were listed in thable 4 for the field size 1 x
1 cnf to 40 x 40 crh Due to the absence of the flattening filter
the beam softening were observed for the 6 FFF ldanBFF
beam compared to the 6 MV and 10 MV flatten beaniciwh
resulted in the increase skin dose in the 6 FFF EHhéFF
beam compared to the flatten beam. There is areaser of
7.8% and 10.8% skin dose for the field size 10 xidof 6
FFF and 10 FFF compared to the flatten 6 MV andl0
beam. As the beam energy increases the skin daseaded,
for the filed size of 10 x 10 ¢mthe skin dose were 6 MV
(49.2%), 6 FFF( 57.1%), 10 MV (33.5%), 10 FFF (44)3nd
15 MV (30.6%) respectively. The skin doses alsoraases
with increase in the field sizes for all the awvbléa photon
beam energies.
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Figure5. PDD of 6 MV photon beam for squarefield sizes1 x 1 cm? to 40 x 40 cm?
Table4. Surface dose for various photon beams ver sus square field sizes
Field Size Surface Dose (Ds)
cmx cm 6MV 6 FFF 10MV 10 FFF 15MV
1x1 39.5% 48.7% 21.8% 34.8% 18.3%
2x2 41.1% 51.3% 24.1% 37.2% 20.2%
3x3 42.3% 52.5% 25.5% 38.9% 21.4%
4x4 44.1% 53.2% 26.2% 40.1% 22.1%
6 X6 45.7% 54.5% 28.5% 41.5% 24.7%
8x8 47.5% 55.8% 31.0% 42.9% 27.6%
10 x 10 49.2% 57.1% 33.5% 44.3% 30.6%
15x 15 51.8% 59.8% 39.3% 47.1% 37.4%
20 x 20 55.6% 61.9% 44.4% 49.4% 43.3%
25x 25 59.0% 63.7% 48.7% 51.1% 48.1%
30 x 30 61.9% 66.3% 52.1% 52.9% 52.0%
35x%x 35 63.8% 67.3% 54.7% 53.4% 54.6%
40 x 40 65.4% 67.9% 56.2% 53.9% 56.3%
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Relative Dose [%]

Figure 6. Crossline profile of 6 MV photon beam for square field sizes 1 x 1 cm? to 30 x 30 cm? at Dmax, 5 cm, 10 cm , 20 cm and 30 cm

depths
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Figure 7. Crossine profile of 6 FFF photon beam for square field sizes 1 x 1 cm? to 30 x 30 cm? at Dmax, 5 cm, 10 cm , 20 cm and 30 cm

depths

Table 5. Depth of Maximum, PDD at 10cm Depth and Beam Quality Index for photon beams

Energy Spe\éﬁ?cirt]i:))nmzz:m) Measzérr;e]t)j Dmax  Varian Dlogo/?))ecmcatlon Measured Dy Go(lgdlja;l“imerata Qh/lalei?;slulrr?gex
6 MV 1.60+£0.15 1.6 67.2+1 67.1% 0.666 0.665
6 FFF 1.50 £0.15 14 643+1 64.4% 0.630 0.630
10 MV 2.40+£0.15 2.3 7411 74.5% 0.738 0.737
10 FFF 2.34+0.15 2.2 71.8+1 71.8% 0.705 0.705
15 MV 2.90+0.15 2.9 774+1 77.3% 0.767 0.760
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The beam quality (TPR19, depth of maximum (R, and
PDD at 10cm (@) were listed along with the Varian
tolerance in th&@ able 5. All the parameters listed in the table
5 were within the tolerance of Varian customer ptaece
criteria [11].

Cross-line & diagonal profiles

The measured cross-line profiles for field size Lt 30 x 30
cn? for 6 MV and 6 FFF at Ry, 5 cm, 10 cm, 20 cm and 30
cm depthswere illustrated in theFigure6 and Figure7
respectively. The cross-line profile and the diajqrofiles of
all the available beam energies were measured rapdried
into the Eclipse TPS using the RTPS files from dmenipro-
accept software. During the measurements of thesdine and
the diagonal profile, the user should make surleat 5 cm
outside the absolute penumbra should be accomnbdte
different depths.

This will imply the absolute modeling of the damgtside the
treatment field in the dose calculation kernels aedce we
will have a good agreement with the dose outside fibld
between the TPS and the measured profiles. Dueh¢o t
limitation of the dimension of the radiation fiedshalyzer, the
profiles for 35 x 35 cf to 40 x 40 crh shall be taken by
moving the radiation field analyzer towards oneesido
measure the half profile instead of the full pmfiduring the
measurements one should take care that enoughersésitt
receiving in the region of interest, in other waleast 5 cm
margin should be there from the measurement poimdude
sufficient scatter.

The treatment planning system accepts the halfil@rand
will copy the flatness of the profile to the non-aseared side as
a full profile.

Some user measure the diagonal profile by rotathng
collimator to 45° and measure below, but this is the ideal

Table 6. Beam Symmetry and Flatnessfor 10 x 10 cm2 squarefield size

Pol J Med Phys Eng 2018;24(2):79-89

diagonal profile. Once you rotate the collimatodts, you are
still measuring the cross-line profile, hence tteal way of
measuring the diagonal profile is done by two wadigs, first
one is measure the diagonal profile by keeping yollimator
at 0° and move the detector diagonally and therathethod
where there is no diagonal movement option in Hdiation
field analyzer, you can turn the radiation fieldapaer exactly
at 45° and measure the diagonal profile. Accurag¢hod of
measuring diagonal profile is important to moded tipped
corners above 35 x 35 énfield size. The part of diagonal
profiles for 40 x 40 cfmeasured at B 5 cm, 10 cm, 20 cm
and 30 cm depths for 6 MV and 6 FFF were illusttate the
Figure 8 andFigure 9 respectively.

Beam Symmetry and Flatness

According to TG 40 [12], Beam flatness (F) is asee by
finding the maximum (M) and minimum (m) dose poiatues
on the beam profile within the central 80% of thkeaim width
and then using the below Equation 5:

(M-m)

Beam Flatness (F) = T

Eqg. 5

Beam flatness tolerance according to TG 40 is 3%anB
symmetry compares a dose profile on one side ofcémral
axis to that on the other side. Beam symmetry as amy two
dose point on a beam profile, equidistant fromdéstral axis
point, are within 2% of each other (TG 40).

The beam symmetry, flathess and penumbra alongnthe
plane and cross-plane for 10 x 10°csquare fields for flatten
beams at R.xand 10 cm depth were listed in fhable 6.

The off axis ratio of the FFF beams for 10 x 1F aquare
field along the cross-plane and in-plane were diste the
Table7.

Energy Depth In Plane CrossPlane
(MV) (cm) Flatness (%) Symmetry (%) Penumbra (mm) Flatness (%) Symmetry (%) Penumbra (mm)
6 MV 1.6 cm (Dnay 1.2% 0.9% 7.4 0.9% 0.2% 7.2
10 cm 2.7% 0.9% 9.1 2.5% 0.2% 8.3
10 MV 2.3 cm (Dhay 1.4% 0.8% 8.2 1.3% 0.5% 7.6
10 cm 2.2% 0.9% 9.6 2.2% 0.3% 8.8
15 MV 2.9cm (D 1.6% 0.3% 8.3 1.8% 0.8% 8.1
10 cm 2.3% 0.5% 9.1 2.4% 1.0% 8.9
Table 7. Off Axis Ratio for FFF beamsfor 10 x 10 cm? squarefield
Off AxisRatio (Crosdine) Off AxisRatio (Inline)
Energy
-3cm +3cm -3cm +3cm
6 FFF 0.9555 0.9536 0.9519 0.9512
10 FFF 0.9106 0.9095 0.9073 0.9107
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Figure 8. Diagonal profile of 6 MV photon beam for field size of 40 x 40 cm? @ various depths
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Figure 9. Diagonal profile of 6 FFF photon beam for field size of 40 x 40 cm? @ various depths

Table 8. Comparision of outfactor for small field vs RPC data for 6 WFF, 10 WFF & 15 WFF

Fiad Size 6MV 0MV BMV 6MV 0MV BMV
(cm x cm) (RPC) (RPC) (RPC) 6MV oMV 1SMV (% dev) (% dev) (% dev)
2x2 0.786 0.817 0.803 0.795 0.805 0.791 1145 464 1.494
3x3 0.828 0.867 0.874 0.835 0.858 0.863 0845 034 1.259
4x4 0.865 0.900 0.909 0.870 0.894 0.901 0578  66D. 0.880
6x6 0.921 0.946 0.951 0.927 0.942 0.949 0651 423, 0.210
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Table 9. Jaw Transmission factorsfor photon beams

Pol J Med Phys Eng 2018;24(2):79-89

Jaw 6 MV 6 FFF 10MV 10 FFF 15MV
X1 0.42% 0.29% 0.41% 0.31% 0.42%
X2 0.38% 0.28% 0.40% 0.30% 0.39%
Y1 0.42% 0.31% 0.44% 0.35% 0.43%
Y2 0.43% 0.32% 0.45% 0.36% 0.42%
Mean Transmission 0.41% 0.30% 0.43% 0.33% 0.42%
Table 10. ML C leaf transmission factorsfor photon beams
MLC Bank 6MV 6 FFF 10MV 10 FFF 15MV
Bank A 1.85% 1.42% 2.16% 1.57% 2.29%
Bank B 1.95% 1.44% 2.20% 1.59% 2.33%
Mean Transmission 1.90% 1.43% 2.18% 1.58% 2.31%
Table 11. Dosimetric L eaf Gap for photon beams
Energy 6 MV 6 FFF 10MV 10 FFF 15MV
DLG (mm) 1.75 mm 1.25 mm 2.32 mm 1.94 mm 2.31 mm

Output Factor

The output factor for the available photon energias be
measured either by SSD or SAD method, but the recamded
depth of measurement should be at 10 cm depth.olhgut
factor for all the energies were illustrated in thedow graph

(Figure 10). The measurement for small field output factor

especially for field size less than 3 x 3%for the stereotactic
radiosurgery, it is preferred to measure with nbieisled diode
detector preferably with electron diode detectdre Tecently
published TRS 483 [13] report provides correctiantdr for

output factor of the small field for various detmst for photon
beam energy 6 - 10 MV with flattening filter anchtfening

filter free beam.

The measured output factors for small fields foe flatten
beams were compared with the radiological Physirgers’s
(RPC) standard dataset [14] for small field ouffagtors in the
Table8. The measured small field output factors were iwith
good agreement with the RPC small field datasetgh &
maximum deviation of +1.5% for smaller field sizes.

Figure 10. Output factors of square field sizes for photon beams
using SSD technique @ 10cm depth
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Jaw transmission

Jaw transmission for the secondary jaws has toithenw2% of

the primary beam to avoid the doses outside th@megf

interest. The secondary collimator has asymmetdwsj
function, where the Y-jaw can override the centrais to 10
cm, whereas the X-jaw can override 2 cm acrosscémdral

axis. The Y jaw has a more override distance tizatfor the

enhanced dynamic wedges. The jaw transmissiondl dhea
independent jaws were summarized below inTthble 9. The

mean transmission has to be quoted in the Eclipsstment
planning system, the secondary jaws moves at 2ecniias to
be added in the Eclipse TPS to enable the jaw itngodption

in IMRT / VMAT.

ML C transmission
MLC leaf transmission of the millennium — 120 leakre
measured for all the available photon energies lated in

Table 10. The transmission of the A bank and the B bank were

calculated separately and the mean of the A andaBkb
transmission has to recorded as a MLC transmis3iba.MLC
transmission ranges from 1.43% for 6 FFF and thgimmam
of 2.31% for 15 MV photon beams.

Dosimetric L eaf Gap

The dosimetric leaf gap describes an effective $bdft due to
the round leaf end design, which has to incorporatenatch
obtain the actual fluence pattern to the TPS ptedifluence
pattern. The dosimetric leaf gap for all the avd#daphoton
beam energies was listed ifable11. 6 FFF has the least
dosimetric leaf gap of 1.25 mm, whereas the 10 Mas fa
maximum dynamic leaf gap of 2.32 mm.
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Conclusion

In this report, the dosimetric data (i.e., deptisa] cross-line
profiles, diagonal profiles, output factors, MLGrismission,
etc.,) of the open beam for 6 MV, 6 FFF, 10 MV,FRF and
15 MV were measured and recorded. The beam quality
parameters of the available photon beams were withe

outside a field.

Varian acceptance tolerance and also comparedlivgtholden
beam data and they were within £1%. The beam symmaed
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flatness for 6 MV, 6 FFF, 10 MV, 10 FFF and 15 M\ére
within the tolerance of the Varian acceptance gdateThe
potential benefits of FFF bundles are substantiateiase in
dose rate, reduced field size dependence of thmugugmaller
and less variable MLC transmission, and sharpeumpéna at
shallow depths. FFF beams have a potential to ediose



