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Dose Distribution of RadiationDose Distribution of Radiation

Using the Bragg-peak characteristics, 
dose can be concentrated to the tumor. 

Carbon has the biological effectiveness for killing cell.



Request for Medical Irradiation Request for Medical Irradiation 
Uniform irradiation Field, which fits the 
shape and position of the tumor. 



Usual Irradiation Method Usual Irradiation Method -- II

Wobbler Magnets

Scatterer

Rotated

Broaden

Uniform Field

Wobbler Method :
Initial beam is laterally spread to form the uniform irradiation field

Double Scatterer Method



Usual Irradiation Method Usual Irradiation Method -- IIII
1) Laterally-broaden beam is vertically spread to the width of tumor.

by Ridge filter.
2) The lateral shape of irradiated field is fit that of tumor by Collimator.
3) The distal edge of irradiated field is fit that of tumor by Bolus. 



Comparison of  Irradiation MethodComparison of  Irradiation Method

Wobbler MethodWobbler Method

Spot Scan MethodSpot Scan Method

Beam Efficiency
～30％

Beam Efficiency
90～100％



Merit/Demerit of Spot ScanningMerit/Demerit of Spot Scanning
Merit ：　○3D-conformal Irradiation

　○Better Utilization of the Beam
　○Reduction of the Individual Hardware 
　○Fully Automated Computer Control

Demerit：○Technical Complex
　○Need Investment costs
　○Sensitivity on Errors (from motion of organ etc.)
　○Severe request for the Shape and Position of Beam Spot



Scanning for Treatment ~ AcceleratorScanning for Treatment ~ Accelerator
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Scanning for Treatment Scanning for Treatment 
~ Scanning System~ Scanning System

X,Y: Magnetic 
Scan, 
Z: Range Shifter
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Z: Energy variation
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Scanning for Treatment ~Beam MonitorsScanning for Treatment ~Beam Monitors
Transmission type
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Range Verification using Range Verification using 1111C BeamsC Beams

Expected distribution curve from
planning data

RRRROOOOIIII

DDDDoooosssseeee ddddiiiissssttttrrrriiiibbbbuuuuttttiiiioooonnnn

SSSS ttttoooo pppp pppp iiiinnnn gggg

RRRR aaaa nnnn gggg eeee

11C is decay with positron emit at its range.
Direct measurement of beam stopping point, using PET detector.



Utilization of Spot Scanning with Utilization of Spot Scanning with 1111CC

Flow of the treatment:
1) Irradiation for treatment using 11C Beams.
2) Check the irradiated field (The stopping point 

distribution of 11C is measured by PET).
3) Feedback to the treatment planning.

11C Beams has low intensity.

→ In order to use 11C for treatment irradiation, 
　　High Beam Efficiency is necessary.



Spot Position Control：　 Scanning Magnets, Range Shifter
Check for Each Spot：　 Dose、Position and Width of spot beam
Beam Irradiation ON/OFF：　On/Off of the RF-KO Slow Extraction

Irradiation Volume： 100×100×180mm3

Maximum Range： 210mm
Intensity： 106 ~ 109 particle per second
Dose Uniformity：　 within ±2% 

Specification of Spot Scanning@HIMACSpecification of Spot Scanning@HIMAC



Irradiation --Monitor

Slice selection
Range shifter

Spot selection
Scanning Magnet

Spot or Slice

Beam ON

Beam OFF

START

Scan Magnets

Beams

Range
Shifter

Scanning Method @ HIMACScanning Method @ HIMAC



Heavy Ion Medical Accelerator in ChibaHeavy Ion Medical Accelerator in Chiba
(HIMAC)(HIMAC)



Secondary Secondary 
Beam Beam 
CourseCourse

Target

F3
Iso Center

Momentum Slit
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Degrader
TOF counter(start)
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TOF counter(stop)
delta-E counter

Primary Beam 12C

Irradiation
System

Quadrupole Triplet

SB1

SB2
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Bending
Magnet 1

Bending
Magnet 2

Angular
Slit

0 5 10 m

11C

Maximum magnetic rigitity 8.13Tm
Radius of bending magnet 5m
Maximum beam energy (for 20Ne) 600MeV/n
Momemtum acceptance 5%(full width)
Angular acceptance (h, v) 26mrad(full)
Momentum dispersion at F1 2.0m



Production of Production of 1111C BeamsC Beams
Typical parameters:

–Energy of primary 12C 430MeV/n
–Thickness of Be target 51mm
–Thickness of Al degrader none
–Rigidity window 2.0% (FW)
–Angular window H.&V. 26mrad (FW)

Results:
–Energy of secondary 11C 355MeV/n
–Range in water 21cm
–Production rate 0.4%
–Purity 93%
–Beam size at patient 9mm (FWHM)

11C
12C

7Be



Irradiation SystemIrradiation System

Pencil Beam Collimater

Scanning Magnets
(Horizontal/Vertical)

Scatterer

Dose Monitors
(Main/Sub)

Spot Position Monitor

Multi Leaf Colimator

Ridge Fileter

Range Shifter

Positron CameraPSD Detector

5430mm

Quadrupole Magnet

Patient Couch

11C



Scanning Magnets Scanning Magnets 

･ Irradiation Field of 100×100mm2

･ Transition between spots（350MeV/u12C)
16.6mrad

1mm/0.5msec
14.2mrad

1mm/0.2msec

Field of 100×100×50mm3 irradiated with spot spacing of 5mm：
　　No. of spot = 20×20×20=8000 →Transition time ≦ 10sec

Total Irradiation time = 10-20 min. 

90 mm 160 mm

Beams
Beams

Horizontal (SMx)
Vertical (SMy)



Dose MonitorDose Monitor
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V/F Conv.
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1MHz=10V (1MHz max)

Dose Monitor
Air Gap = 2.5mm x 2

Signal

HV-500V



FRP
Cu
Au

Al electrode
(strip pitch 1mm, thickness 30nm)

Polypropylene
　　　 0.003mm

GND

GND
HV -electrode

Electrode for 
Horizontal 

Electrode for 
Vertical

152ch

112ch

Multi-strip 
parallel plate ionization chambe

（MuSIC）
Spot Position MonitorSpot Position Monitor

HV -electrode

HV -electrode



Beam On/OffBeam On/Off
at Each Spotat Each Spot

Beam Stopping Signal

200μs/div

　　1spot
　　　　　　　　　　　　　　 2ms/div

SMx Excitation

SMy Excitation

time

Beams



Design the Depth Dose Distribution of SpotDesign the Depth Dose Distribution of Spot
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1) Maximize the Beam Efficiency
2) Optimize the Number of Slices
3) Minimize the Distal Falloff

0

0.2

0.4

0.6

0.8

1

860 870 880 890 900 910
Momentum[MeV/n/c]

Pr
od

uc
tio

n 
R

at
e

99-101%

97.5-99.5%

Primary Beam：12C(430MeV/n) 
Production Target： Be 51mm-t 
Momentum Distribution：97.5-99.5％
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Decided Parameter
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Irradiation FieldIrradiation Field

Lateral Dose DistributionLateral Dose Distribution

Spot Size （FWHM)＝9mm
Penumbra (80-20%) ＝ 6.1mm

Depth Dose DistributionDepth Dose Distribution

Distal Falloff (80-20%) 
＝2.7mm

x 43 mm3

PMMA Phantom
11C
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Dose DistributionDose Distribution
Lateral Dose DistributionLateral Dose DistributionDepth Dose DistributionDepth Dose Distribution
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SummarySummary
Present Status:
○The parameter for spot beam is investigated.
○Spot-scanning irradiation-system is installed.
○3-D irradiation field is formed.

The dose distribution is measured by ionization chamber.
The stopping point distribution is measured by PET.

Future Plan:
○Patient positioning system.
○The parameter of the spot beam for treatment.
○The database for the input of treatment planning. 

(dose distribution of spot beam in water etc.)
○Dose measurement system
○Treatment planning
○Quality Assurance
・ ・ ・



Request from Spot ScanningRequest from Spot Scanning
○Beam Energy

-Maximum Range = 30cm in water (Proton ~ 230MeV) 
-Energy variation for slices

○ Beam ON/OFF
○ Intensity Modulation

-Provide the beams for each spot
in error by less then 1% of the prescribed dose.

○ Beam Size and its stability
○ Beam Position and its stability


