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1. Introduction

Proton therapy makes it possible to remove a tumor
effectively relative to conventional photon or electron
therapy. The distal fall-off in depth dose distribution of
the proton beam assures little irradiation damage on
normal tissues except for the tumor. In addition, the
high energy deposition in the Bragg-peak area is
possible to concentrate more doses on a tumor.
However, the misposition of the Bragg-peak could
cause critical damage to normal tissues and give rise to
serious problem to cancer patients. Therefore, the
quality assurance (QA) to get the position accuracy of
the proton beam using a dosimeter is very important
process in proton therapy. Especially, in ocular proton
beam therapy, comparably low energies and relatively
short ranges (1 ~ 4 cm) of the proton beams are
required, and the depth dose distributions of proton
beams have to be measured with a high resolution
dosimeter in a real-time. In proton therapy, it is not easy
to measure the depth dose distribution using a
conventional ionization chamber in a real-time with a
high spatial resolution because it has a relatively large
volume and consists of non-water equivalent material.
On the other hand, a fiber-optic radiation sensor
(FORS) uses an organic scintillator as a sensing
material, the diameter of which is usually less than 1.0
mm. Organic scintillators are water equivalent and can
be used for an exact dose measurement without
complicated calibration processes due to temperature
and pressure variations [1,2].

In this study, we fabricated a multi-dimensional
FORS which consists of organic scintillators, plastic
optical fibers (POFs) and a water phantom with
polymethyl methacrylate (PMMA) for the ocular proton
therapy dosimetry. In addition, the relative depth dose
of 109 MeV proton beam was measured by using of a
multi-dimensional FORS which has 10 x 3 sensor array
with a 0.5 mm interval.

2. Materials and Methods
The organic scintillator (BCF-12, Saint-Gobain Co.,

OH, USA) which is chosen in this experiment is
synthesized with polystyrene (PS) and wavelength-

shifting fluors and is used as the sensor-tip of the FORS.

The organic scintillator has a cylindrical shape and a
core/cladding structure, just like an optical fiber. The

materials of the core and the cladding are PS and
PMMA, respectively. The refractive indices of the core
and the cladding are 1.680 and 1.490, respectively, and
the numerical aperture (NA) is 0.580. The emission
color of this scintillator is blue and the peak wavelength
is 435 nm. The number of emitted photons per 1 MeV
of energy deposited in this scintillator is about 8000.
This scintillator is a cylinder with diameter of 0.5 mm
and length of 5.0 mm. The POF chosen for this study is
a step-index multi-mode fiber (SH-2001, Mitsubishi
Rayon Co., Ltd., Japan). The outer diameter is 0.5 mm
and the cladding thickness is 7 pum. The refractive
indices of the core and the cladding are 1.492 and 1.402,
respectively and NA is about 0.510. The materials of
the core and the cladding are PMMA and fluorinated
polymer, respectively, and the jacket was made of
polyethylene (PE). As a scintillating light measuring
device, we used a position-sensitive photomultiplier
tube (PS-PMT: H7546, Hamamatsu Photonics Inc.,
Japan) whose measurable wavelength is in the range
between 300 nm to 650 nm, and the peak wavelength is
about 420 nm. Ion Beam Applications (IBA)
PROTEUS 235 proton therapy machine (Chemin du
Cyclotron, Louvain-La-Neuve, Belgium) in the national
cancer center (NCC) was used for generating the proton
beam.
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Fig. 1. Experimental setup and construction of a multi-
dimensional FORS ((a) construction of a multi-dimensional
FORS, (b) experimental setup)
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Fig. 1 shows the experimental setup and construction
of a multi-dimensional FORS to measure ocular
therapeutic proton beams. The FORSs consist of
organic scintillators with TiO, reflectors and plastic
optical fibers. Each sensor is embedded in a PMMA
block, and sensor probes — scintillators with TiO,
reflectors — are submerged in the water. The FORSs can
be arrayed minimally with a 0.5 mm interval using the
phantom as shown in the figure. When the proton beam
irradiates the sensor probes, light signals from
scintillators are transmitted to a PS-PMT via 20 m-
length of POFs. Then, the amplified electric signals
from the PS-PMT are measured with a DAQ board and
displayed by the LabVIEW program.

3. Experimental Results

Fig. 2(a) shows two-dimensional distribution of the
relative depth dose of 109 MeV proton beam by using
of a multi-dimensional FORS which has 10 x 3 sensor
array with a 0.5 mm interval. In this result, the Bragg-
peak was measured near the depth of 12 mm. And we
could find that planar dose distributions at the same
depths are almost uniform as shown in Fig. 2(b).
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Fig. 2. Measurements of the relative depth dose of 109 MeV
proton beam using a multi-dimensional FORS ((a) 3-D
display of relative depth dose, (b) planar display of relative
depth dose)

One-dimensional distribution of the relative depth
dose also can be obtained using a multi-dimensional
FORS as shown in Fig. 3. This result shows that a
multi-dimensional FORS can measure depth dose
distributions of therapeutic proton beam with a 0.5 mm
resolution. The depth dose distribution of 109 MeV
proton beam increased gradually till the Bragg-peak at
the depth of 11.5 mm and then decreased with a steep
gradient.
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Fig. 3. 1-D display of the relative depth dose of 109 MeV
proton beam using a multi-dimensional FORS

3. Conclusions

A multi-dimensional FORS which consists of organic
scintillators, POFs and a water phantom for the ocular
proton therapy dosimetry was fabricated through this
study. And the Bragg-peak of 109 MeV proton beam
was measured at the depth of 11.5 mm of a phantom by
using of a multi-dimensional FORS which has 10 x 3
sensor array with a 0.5 mm interval.

The multi-dimensional FORS can be employed as a
dosimeter of proton beam therapy due to its favorable
characteristics such as high-resolution measurement in
real-time, water-equivalence, and no corrections for
temperature, pressure and humidity. Further study will
be carried out for the measurement of the spread-out
Bragg-peak (SOBP) using a multi-dimensional FORS.

ACKNOWLEDGEMENT

This work was supported by Nuclear R&D program
through the National Research Foundation of Korea
funded by the Ministry of Education, Science and
Technology. (grant code: M 2009-0078227)

REFERENCES

[1] A. S. Beddar, Plastic scintillation dosimetry and its
application to radiotherapy, Radiation Measurements, Vol. 41,
p. S124, 2007.

[2] A-M. Frelin, J-M. Fontbonne G. Ban, J. Colin, M.
Labalme, A. Batalla, A. Isambert, A.Vela and T. Leroux,
Medical Physics Vol. 32, p. 3000, 2005.

- 678 -



	분과별 논제 및 발표자


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


	PNO0: - 677 -
	PNO1: - 678 -


