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INTRODUCTION 
Modern linear accelerators having Flattening Filter Free (FFF) 
beams are majorly nowadays being used for treatment techniques 
especially for Stereotactic Body Radiation therapy (SBRT), 
Stereotactic Radiosurgery (SRS), and Volumetric Modulated Arc 
therapy (VMAT). By eliminating the flattening filter from the 
path of radiation emanating from the radiation source, the dose 
rate is multiplied by a factor of two to four. e outcomes 
consist of decreased mean energy and treatment time, as well as 
decreased head leakage and lateral dispersal, all of which have 
demonstrated their benefits in specialized treatment procedures. 
e absence of beam hardening effects results from the 
transformation of a beam into an FFF beam upon removal of the 
flattening filter. ese results are as follows: (1) an increase in 
dose- or pulse-induced photon energy fluence for FFF beams; 
and (2) off-axis spectra that are not significantly different from 
those of the central axis for the FFF beam, as opposed to a 
substantial shi in spectrum caused by the flattening filter [1-4]. 
When selecting a detector to measure absolute and relative 
doses in the presence of high-dose rate beams, certain obstacles 
have always existed [5]. In a similar fashion, the spatial distance 
concept utilized for conventional beams to determine the 
penumbral widths of unflattened beams between 80% and 20% 
dose values is no longer applicable to profile measurement [6]. 
Diverse studies have documented that inflection point analysis 
for an unflattening beam profile is the most effective method for 
deriving and analyzing FFF beam parameters in order to 
circumvent this issue [7-10]. An analysis method for evaluating 
the FFF beam profile was also developed by G. Sahani, S. D. 
Sharma, and others. is method considered various parameters, 
including the radiation field size, degree of unflatness, 
penumbra, symmetry, and off-axis ratio. is was subsequently 
recommended by the Atomic Energy Regulatory Board Task 
Group (AERB) [11]. e results of this investigation were 
obtained through the utilization of a Radiation Field Analyzer 
(RFA) equipped with a single ionization chamber featuring a 
sensitive volume of approximately 0.13 cc. In an abundance of 
additional investigations, only RFA and an ionization chamber 
were utilized. Conversely, several investigations employed 
diverse two-dimensional array detectors to conduct profile 
measurements for Flattening Filter (FF) photon beams [12-16]. 
However, the literature does not provide any substantiation 
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regarding the use of these arrays for FFF beam profiles. is 
research focuses on the utilization of various 2D detector arrays 
to measure FFF beam profiles and compares the dosimetric 
results of these profiles to those of RFA measurements with 
single detector utilizing AERB Task group 

MATERIALS 

Linear accelerator
Measurements were taken using a TrueBeam™ system, a high-end 
modal linear accelerator from Varian Medical System, with both 
flattened and unflattened beams [17]. e Linac produceS photon 
energies of X6, X6FFF, X10, X15, and X10FFF. e field sizes range 
from 1 cm2 × 1 cm2 to 40 cm2 × 40 cm2 embedded in the Linac. e 
maximal dose rates used in the Linac are 600, 1600, and 2400 MU/
min for FF, X6FFF, and X10FFF beam energies, respectively. 

Measuring tools 

In this study, we used Octavius Detector arrays (729, 1500, and 
1600 SRS), as well as PTW Dosimetry Company's Starcheck 
[18-21]. In addition to the arrays listed above, Varian's 
amorphous silicon Digital Megavolt Imager (DMI), also known 
as the Electronic Portal Imaging Device (EPID) with Portal 
Dosimetry, was used [22]. Table 1 lists all measurement devices 
and their associated parameters. Figure 1 illustrates the 
resolution differences among array systems. A Real Water 
(RW3) slab phantom (white dense polystyrene material ρ 
=1.045 g/cm3) with a thickness of 1 cm, a 2 cm chamber, and 1 
mm and 2 mm plates were utilized to establish detector arrays at 
their reference point of measurement (as per manufacturer 
specifications) [23]. To measure and extract beam profiles, PTW 
Veriso soware, Beamscan soware with scan data, and the 
image analysis module were utilized in the relevant locations 

[24-25]. A Pinpoint 3D  chamber (T31022) was used for
profile measurement along the PTW Beamscan 3D RFA System,
which served as the reference measurement for intercomparison 
[21].  

Fig. 1. Measuring tools 

METHODS 

Measurement setup 
For this investigation, only X6FFF and X10FFF energies were 
used. Prior to measurement, the Linac's output and beam 
profiles were set in accordance with the international standard 
IEC 60976 [26, 27]. All PTW 2D arrays and their Effective 
Point of Depth (as shown in Table 1) were maintained on RW3 
slabs at 5 cm depth, with 1 mm and 2 mm plates used for 
accurate setup. To provide proper scatter from the array's rear 
side, 10 cm slabs were put. Common beam parameters such as 
10 cm2 × 10 cm2, 15 cm2 × 15 cm2, and 20 × 20 cm2 were used, 
as well as a Source to Axis Distance (SAD) of 100 cm. All arrays 
were irradiated with 100 MU. Similarly, the DMI panel was 
transported to the Linac Isocenter Point (SAD) and delivered 
with the same 100 MU. e exposed image file for the 
corresponding irradiation was exported as DICOM files. ese 

DICOM files were evaluated using Beamscan's Film and Image 
Analysis program, and profiles were developed. Except for the 
other detectors, because the 1600 SRS array has a field size 
constraint of 15 cm2 × 15 cm2, the array was configured so that 
the diagonal axis of the array corresponded to the primary axis 
of 20 cm2 × 20 cm2, and the measurement was taken. e 
maximum field size for a 1600 array is 20 cm2 × 20 cm2, hence it 
was used as the largest field for all arrays. In contrast, the 
Pinpoint 3D chamber was fixed at a depth of 5 cm with a 95 cm 
SSD in the Beamscan system. Profiles were scanned for all 
indicated file sizes, and data was extracted. To make the study 
simple, only Inline profiles were considered for evaluation. As a 
precondition, all arrays and the Pinpoint 3D Chamber were 
given a 2Gy pre-irradiation dose and zeroed for high 
reproducibility. For the DMI Panel, image and dosimetric 
calibration were carried out in accordance with the vendor's 
guidelines [28]. 
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Detector Modal Detector type Technical details 

Octavius 729 Vented Ion Chamber 

Chamber Volume and Nos:  0.125 cc & 729 

Field Size Coverage    : 2 cm2 × 2 cm2 to 27 cm2 × 
27 cm2 

Resolution of the array      :  10 mm 

Dose Rate range    :  3 Gy/min to 48 Gy/min 

Energy Range :  (Co ... 25) MV 

Effective Point of Depth    :  7.5 mm from Surface 

Octavius 1500 Vented Ion Chamber 

Chamber Volume and Nos : 0.125 cc & 1405 

Field Size Coverage    : 2 cm2 × 2 cm2 to 27 cm2 × 
27 cm2 

Resolution of the array       : 7.07 mm(Diagonal Axis) 

Dose Rate range    : 3 Gy/min to 48 Gy/min 

Energy Range : (Co ... 25) MV 

Effective Point of Depth    : 7.5 mm from Surface 

aOctavius 1600 SRS Liquid Filled Ion Chamber 

Chamber Volume and Nos :  0.125 cc & 1521 

Field Size Coverage    :  1 cm2 × 1 cm2 to 15 cm2 × 
X15 cm2 

Resolution of the array       :  5 mm (>6.5X6.5 cm2) 

Dose Rate range    :  0.8 Gy/min to 24 Gy/min 

Energy Range :  (Co ... 25) MV 

Effective Point of Depth    :  9 mm from Surface 

Starcheck Vented Ion Chamber 

Chamber Volume and Nos :  0.125 cc & 527 

Field Size Coverage    :  4 cm2 × X4 cm2 to 26 cm2 
× X26 cm2 

Resolution of the array       :  3 mm 

Dose Rate range    :  2 Gy/min to 80 Gy/min 

Energy Range :  (Co... 25) MV 

Effective Point of Depth    :  8.5 mm from Surface 

Pinpoint 3D (T31022) Vented Ion Chamber 

Volume    : 0.016 cc 

Energy Range :  Co ... 25 MV photons 

Measurement Resolution   :  1 mm 

Field size    :  2 cm2 × 2 cm2 to 40 cm2 × 
× 40 cm2 

Max Dose Rate                     :  91.6 Gy/s 

Varian DMI Amorphous Silicon detector 

Field Size Coverage    : up to 43 cm2 × 43 cm2 

Resolution of EPID DMI    : 0.3 mm 

Energy Range : (Co... 25) MV 

Effective Point of Depth     : 8.5 mm from Surface 

  The measuring length at the diagonal axis of the 1600 SRS array is a 21 cm. 

Measurement parameters 
Full Width Half Maximum (FWHM): 
From measured data samples of all devices, PTW Beamscan 
soware is used to calculate FWHM through the inflection point. 
In the soware, new data points are added to the existing measuring 
points by linear interpolation so that equidistant data points are 
obtained. In the next step, the curve is smoothed. e smoothing 

operation blurs the penumbra, but its effect on the X-values of the 
inflection points (position) is negligible. e first derivative of the 
smoothed curve is calculated. A brute-force search is employed to 
search for the global maximum of the first derivative. In order to 
eliminate the effect of noise, all neighbouring points of this 
maximum are considered whose derivative exceeds a threshold (e.g., 
half the maximum) and that provide a weighted average of their X-

Tab. 1.  Technical details of different 
detector arrays
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values. e X-values (positions) of the le and right inflection 
points are determined. e corresponding Y-values are calculated 
from the original curve by linear interpolation, with the Y-values of 
the le and right inflection points not necessarily being the same. 
en, the two Y values are averaged. e X-values (positions) are 
corrected (by linear interpolation) so that they correspond to the 
averaged Y-value. Finally, FWHMs are deduced [29]. 

Symmetry: 
e field symmetry of a beam is defined as the largest absolute 
change in radiation intensity between any two symmetric sites 
around the beam midline inside the centre 80% of the field, given as 
a percentage of the mean radiation intensity, according to IEC 
60976 [27]. 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 = �
𝐷𝐷(𝑥𝑥)
𝐷𝐷(−𝑥𝑥)�max∗ 100 % 

Penumbra: 

e area around the edge of a radiation beam where the dose 
changes rapidly in relation to the distance from the beam axis is 
called the penumbra. e physical penumbra width is the distance 
between the 20% and 80% isodose curves at a specific depth, 
comprising the geometrical, transmission, and radiological 
penumbra components. e AERB Task Group states that for FFF 
Beams, the penumbra should be determined using the dosage value 
at the Inflection Point (IP) as the Reference Dose Value (RDV). 
Points Pa and Pb, located at 1.6 and 0.4 times the RDV, respectively, 
need to be found according to Figure 2. e penumbra will be 
measured by the lateral spacing between Pa and Pb on each side of 
the profile [11].  

Fig. 2. Method of penumbra analysis as per AERBTG group
Degree of unflatness:  
According to AERB Task Group to quantify the degree of un-
flatness, the lateral distance from the central axis at 90%, 75% and 

60% dose points on either side of the beam profile shall be recorded 
along major axes for all available beam energies (Figure 3) [11].    

Fig. 3. Method of analysis for degree of unflatness as per AERBTG group 

Off-axis ratio:
As per AERB Task Group OAR at ± 3 cm from central axis for  

10 cm × 10 cm collimator setting shall be measured and tabulated 
for all available un-flat beam energies [11]. 
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RESULTS AND DISCUSSION 
Profiles were taken from each detector's measurement and 
graphically presented, as seen in the (Figure 4a, 4b, 5a, 5b, 6a, & 6b) 
for both photon 6FFF and 10FFF beams. Data from beamscan 
soware analysis utilizing these profiles was collected and tabulated 

in (Table 2-10) for FWHM, symmetry, penumbra, degree of 
unflatness, and off-axis ratio for both 6FFF and 10FFF photon 
beams respectively. 

Fig. 4 a) 6FFF_10 cm2 × 10 cm2 profiles b. 10FFF_10 cm2 × 10 cm2 profiles 

Fig. 5 a) 6FFF_15 cm2 × 15 cm2 profiles b. 10FFF_15 cm2 × 15 cm2 profiles 

Kandasamy K, et al. A comparison study of profile measurements… 
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Fig. 6 a) 6FFF_20 cm2 × 20 cm2 profiles, b. 10FFF_20 cm2 × 20 cm2 profiles 

FWHM vs Detectors 

10 15 20 

729 Array 9.92 14.99 19.94 

1500 Array 9.95 14.86 19.97 

1600 SRS 9.96 14.98 20.05 

Starcheck 9.97 14.97 19.95 

PP3D 9.97 14.98 19.99 

EPID 9.95 14.98 20 

FWHM vs Detectors 

10 15 20 

729 Array 9.9 14.99 19.92 

1500 Array 9.93 14.85 19.94 

1600 SRS 9.95 14.98 20.03 

Starcheck 9.97 14.96 19.93 

PP3D 9.96 14.97 19.97 

EPID 9.94 14.98 19.99 

Tab. 3. Measured FWHM in cm for 6FFF 
beam

Tab. 2. Measured FWHM in cm for 6FFF 
beam
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Detector Arrays vs Average Penumbra (in mm) 

10 15 20 

729 Array 13.52 8.11 14.31 

1500 Array 10.82 7.56 12.08 

1600 SRS 7.21 7.84 8.72 

Starcheck 6.34 6.19 8.66 

PP3D 4.93 5.23 5.51 

EPID 3.22 3.37 3.48 

Detector Arrays vs Average Penumbra (in mm) 

10 15 20 

729 Array 13.15 8.13 13.79 

1500 Array 10.64 7.45 11.65 

1600 SRS 7.26 7.77 8.53 

Starcheck 6.31 6.13 8.32 

PP3D 5.2 5.38 5.71 

EPID 3.22 3.31 3.53 

Degree of unflatness_6FFF in cm 

10 cm2 × 10 cm2 15 cm2 × 15 cm2  20 cm2 × 20 cm2 

X-
90% 

X-
75% 

X-
60% 

X-
90% 

X-
75% 

X-
60% 

X-
90% 

X-
75% 

X-
60% 

729 Array 7.72 8.65 9.32 9.21 13.96 14.47 9.75 17.54 18.79 

1500 Array 7.52 8.94 9.53 9.36 13.93 14.5 9.96 17.69 19.13 

1600SRS 8.11 9.27 9.63 9.97 14.12 14.54 10.56 18.18 19.37 

Starcheck 7.54 9.33 9.74 9.15 13.59 14.6 9.74 17.48 19.42 

PP3D 7.8 9.48 9.78 9.26 14.14 14.7 9.27 17.63 19.56 

EPID 8.21 9.62 9.83 9.6 14.43 14.8 9.91 18.44 19.74 

Difference in Degree of unflatness_6FFF with respect to PP3D in mm 

10 cm2 × 10 cm2  15 cm2 × 15 cm2  20 cm2 × 20 cm2 

X-
90% 

X-
75% 

X-
60% 

X-
90% 

X-
75% 

X-
60% 

X-
90% 

X-
75% 

X-
60% 

729 Array 0.84 8.35 4.62 0.51 1.79 2.3 4.79 0.86 7.71 

1500 Array 2.77 5.43 2.54 1.04 2.1 2.03 6.84 0.6 4.31 

1600SRS 3.08 2.06 1.48 7.1 0.23 1.56 12.84 5.5 1.91 

Starcheck 2.66 1.5 0.39 1.05 5.52 0.95 4.65 1.46 1.42 

EPID 4.09 1.37 0.51 3.39 2.85 1.02 6.31 8.15 1.76 

Tab. 6. Measured Degree of unflattens 
and its difference among different 
detectors for 6FFF Beam

Tab. 5. 10FFF Measured Penumbra 
(Averaged for Left & Right)

Tab. 4. 6FFF Measured Penumbra 
(Averaged for Left & Right)

Kandasamy K, et al. A comparison study of profile measurements… 
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10FFF_Degree of unflatness in cm 

10 cm2 × 10 cm2 15 cm2 × 15 cm2 20 cm2 × 20 cm2 

X-
90% 

X-
75% 

X-
60% 

X-
90% X-75% X-60% X-

90% X-75% X-60% 

729 Array 5.755 8.352 9.065 6.06 11.726 14.139 6.149 12.343 18.091 

1500 Array 5.729 8.657 9.283 6.078 11.767 14.226 6.171 12.498 18.386 

1600SRS 6.157 9.106 9.502 6.61 12.663 14.289 6.709 13.586 18.763 

Starcheck 5.678 8.497 9.621 5.985 11.776 14.299 6.077 12.455 18.303 

PP3D 5.779 9.033 9.655 6.039 11.667 14.358 6.115 12.218 18.34 

EPID 5.883 9.331 9.758 6.14 12.021 14.625 6.199 12.506 18.884 

Difference in Degree of unflatness with respect to PP3D in mm 

10 cm2 × 10 cm2 15 cm2 × 15 cm2 20 cm2 × 20 cm2 

X-
90% 

X-
75% 

X-
60% 

X-
90% X-75% X-60% X-

90% X-75% X-60% 

729 Array 0.24 6.81 5.9 0.21 0.59 2.19 0.34 1.25 2.49 

1500 Array 0.5 3.76 3.72 0.39 1 1.32 0.56 2.8 0.46 

1600SRS 3.78 0.73 1.53 5.71 9.96 0.69 5.94 13.68 4.23 

Starcheck 1.01 5.36 0.34 0.54 1.09 0.59 0.38 2.37 0.37 

EPID 1.04 2.98 1.03 1.01 3.54 2.67 0.84 1.25 5.44 

10 cm2 × 10 cm2 15 cm2 × 15 cm2 20 cm2 × 20 cm2 

729 Array 100.14 100.19 100.33 

1500 Array 100.2 100.55 100.52 

1600SRS 100.47 100.86 101.36 

Starcheck 100.45 100.45 100.43 

PP3D 100.3 100.35 100.34 

EPID 100.26 100.46 100.52 

10 cm2 × 10 cm2 15 cm2 × 15 cm2 20 cm2 × 20 cm2 

729 Array 100.3 100.3 100.3 

1500 Array 100.2 100.5 100.3 

1600SRS 100.2 101.3 102 

Starcheck 100.2 100.4 100.4 

PP3D 100.4 100.4 100.4 

EPID 100.3 100.3 100.5 

6FFF 10FFF 

729 Array 94.14 89.35 

1500 Array 93.99 89.15 

1600 SRS 94.66 90.44 

Starcheck 93.66 89.04 

PP3D 94.18 89.34 

EPID 94.94 89.77 

Average 94.26 89.51 

Tab. 10. Measured OAR (%) for both 
6FFF and 10FFF Beam

Tab. 9. Measured Symmetry (%) for 10FFF 
Beam

Tab. 8. Measured Symmetry (%) for 6FFF 
Beam

Tab. 7. Measured Degree of unflattens 
and its difference among different 
detectors for 10FFF Beam

Standard Deviation 0.47 0.52 
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In terms of field size, Figure 7 and 8 shows the overall difference in 
FWHMs between all detectors for both 6FFF and 10FFF Beams. 
When compared to the nominal field size, the 729 array with 10 
mm resolution showed the greatest difference at 10 cm2 × 10 cm2 
for both FFF beams in FWHMs. e maximum difference for the 
729 array was 1.05 mm. For even field sizes of 10 cm2 × 10 cm2 and 
20 cm2 × 20 cm2, the 729 array was found to have a larger FWHM 
deviation. ere are two reasons why this impact occurs. One is the 
detector resolution of the array, which is lacking the actual radiation 
field edge. e other issue is that the field border of the provided 
field did not automatically align with the chamber position due to 
the effective depth of arrays where detectors are situated. In 
contrast, for 15 cm2 × 15 cm2, no effect was detected. Because the 
chamber was located at the radiation field edge, So, the 729-array 
exhibited <1mm deviation. However, for a 1500-array with a 
resolution of 7 mm, the impact was opposite. e largest variation 

of 1.49 mm was reported for 15 cm2 × 15 cm2 and less than 1 mm 
for the other two fields. Other detectors, including the 1600 SRS 
array, Starcheck, Pinpoint 3D, and EPID, showed deviations of less 
than 0.5 mm. Our observations and analysis revealed that using a 
detector with a better measurement resolution resulted in more 
accurate FWHM measurements. Furthermore, with the exception 
of the Starcheck and EPID detector arrays, the effective build-up 
depths of the other arrays (729, 1500, and 1600) differed. 
According to Pichandi et al., the 50% intensity level is recorded in 
the steeply dropping portion of the beam profile, which is a high-
gradient area [6]. e field dimension of FFF beams differs from the 
standard notion. As Falk Ponisch et al. and Fogliata et al. have 
previously explained, the resolution of measurements was the sole 
reason for this disparity [10, 30]. e higher the resolution, the 
lower the fluctuation in FWHMs. 

Fig. 7. 6FFF_Nominal vs measured FWHM 

Fig. 8. 10FFF_Nominal vs measured FWHM 

Kandasamy K, et al. A comparison study of profile measurements… 
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Fig. 9. 6FFF_Difference in degree of unflatmess with PP3D 

Fig. 10. Difference in degree of unflatmess with PP3D_10FFF 

Fig. 11. Radia�on field vs average penumbra_6FFF 
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Fig. 12. Radia�on field vs average penumbra_10FFF 

Whereas there is no standard data for degree of unflatness, the 
pinpoint 3D measurements in the Beamscan water phantom were 
used as a reference for comparison. When compared to the 
Pinpoint 3D chamber, the degree of unflatness was found to be the 
highest at 10.8 mm for the 1600SRS and 9.72 mm for the 729 
arrays. is was clearly noticed in the following (Figure 9 and 10) to 
determine differences between detector arrays. is discrepancy also 
demonstrated that array resolution is the cause of the deviation.  
In the Penumbra study, a declining trend was seen beginning with 
the 729, 1500, 1600SRS, Starcheck, Pinpoint 3D, and EPID 
detectors. e 729 arrays had the highest penumbra, measuring 
around 13 mm, while the EPID had a penumbra of about 3 mm. 
is was attributable only to detector resolution. e penumbra was 
noted to be less as resolution increased. e generic penumbra must 
be less than 10 mm, according to IEC 60976 [27]. Except for the 
729 and 1500 arrays, all other detectors are equivalent to one 
another and within the limit. e Figures 11, 12 explain about the 
penumbral variation among detector arrays for both the Beams.  
In contrast, for both 6FFF and 10FFF energies, the beam symmetry 
of all detector arrays was less than 1%, with the exception of the 
1600 SRS array (>1%) refer the (Table 8 and 9). According to IEC 
60976, the symmetry of a photon beam for a given field size must be 
less than 103%, and overall symmetry must be within acceptable 
limits [27]. As shown in the Table 10, the highest standard 
deviation in Off Axis Ratio (OAR) for 10 cm2 × 10 cm2 was less 
than 0.5 across all detectors for both photon FFF energies [11].  

CONCLUSIONS 
e detector arrays in this investigation yielded varying findings in 
terms of FWHM, penumbra, and degree of unflatness, while 
showing little differences in symmetry and off-axis ratio. e 
resolution of the array detectors significantly influenced the 
FWHM, penumbra, and degree of unflatness. erefore, it is clear 
that the resolution of the array detector is crucial for profile 
measurements in FFF Beam. Starcheck and EPID results were 
comparable to IEC 60976 and Pinpoint 3D standards, except for 
the 729, 1500, and 1600 SRS array models. One can utilize 729, 
1500, and 1600 SRS arrays for consistency measurement to conduct 
trend analysis, following the guidelines in the AAPM TG 142 
standard, by carefully selecting the radiation field size, as outlined in 

this paper. One should analyse the dosimetric benefits of a planar 
array for regular quality assurance tests prior to its use. PTW 
Starcheck and EPID with dosimetry options, which are compatible 
with high dose rates, are suitable alternative instruments for regular 
profile measurement and analysis as compared to a radiation field 
analyser with single detector measurement.  
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