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Abstract

In the Osaka University nuclear physics research center, "Spiral Beam Scanning" system is developing for the
improvement of the irradiation precision at the border around the tumor. In this system, we scan a beam along the shape
of the outline of the irradiation field by the orbit of the whirlpool type, and this irradiation method is expected to reduce
the irradiation to normal tissues in comparison with the conventional irradiation method when we treat the tumor near the
vital organs by particle therapy. Our aims are in comparison with the conventional irradiation method, to form the dose
distribution with the almost same precision and to reduce the irradiation to the normal tissue outside the tumor area. We
have demonstrated and simulated this irradiation system and in this presentation we report the situation of this research

and development.
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Figure 1: Schematic diagram of Spiral Beam Scanning.
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Table 1: Details of Scanning Magnet at ES course in RCNP

IR e 300 mm
R iR I (B — 27 fH) 1270 Gauss
B (B —21H) 20 A
B 30T X 2/&
ALETH A 0.11H

- 637 -



Proceedings of the 16th Annual Meeting of Particle Accelerator Society of Japan
July 31 - August 3, 2019, Kyoto, Japan

PASJ2019 THPHO017

TR SLEHELE
HIEES

w WAVE FUNCTION
GENERATOR
C

Power
diagran of'c
HIENKRES

Vxcont[V]

SL. B —LHHlEZ1T72 > TN D, ABFZE TR DT
D T AR AL IR TR RS L F D
N TORAR N 12725 X0 7l 21T~ 7=,

Figure 2 |2l A7 AOMEEE X 27~ T, FEFRO L
DIIREZREL, v a—F—7 1l I LIV EL
To AL TVHIGE & | HE O JEAE T D F S R AT
BB A B G A CL BROO HERA~E
HL., B —2HliliZ1T72 > TD, ARFZETILHE O
DT AR R IR TR RSl FD
N TORAR N 12725 X0 7l 21T~ 72,

22 TAIVLDERIE

Gafchromic film DEIEZLTH720I21E, FREEHIFEL
IRIBT AV BITHREZATU B LI &S 7 1L LD
ALEXE DT DLERDH D, Fx DL — LT T
O VINNONGY S i - B2/ Y 28§ i R N P R G- TN
MoT=DT, B —LARY NI E LT T — & % fifi> Tfil
SRR E AT 5T,

E— ARy MR CIE, BRI AR 7D 4y F
THEL, E—2 WL MNIF—7 b EilRDT7 755 —
T 7 CRIELTEY, SN 7 Ty 7 A3 E T
HIEWTED, HLlT, RELTZHELIAT, 53 MeV DO
T —ONT 4V NG 2 DWIHR B3 U R~
BT DLW TED, ZOWIBREITE T L ey
L=l —ar Y 7RO phits #HWTEHE L, fE~D
UL,

Dose(x,y)[Gy]

1(x,y) [%] X irradiation time [s]

Gy
= A 1
C x GpS [Source] m
1.602 x 1071° [—

TRIND, 7AVLEMATT2DER21X 150 dpi CHIf
T —H|ZLT=D T, Phits T 1 K +-HTZDDT7 4L LTD
WX AR B2 H R T A8R121%. 1 W 25.4mm/inch +
150 dot/inch = 0.170 mm D IEJ5 DO FEB ~D I
EEFR L,

Fio, BALE LW B O X IEE A EE, 7 4L LD
B — A ARy M T IE RS AR

fx,y) =

1 [ 1 {(x — Hx )2
exp |- 5 5
2noy0,/1 - p? 2(1-p?) Ox
o, Gy ) G -m)’
p 040,y o,?

@

TIAT AT U TEE T BB AW 4
FTAHZENTEAMN, 1.7 4V L0 BALEE TV &L
SHUTRIE TR WZ e, 2.7 00T ZEBIT AR v b
DWFFNZB W TIEFEICT IR Z BB CE QRN E%E
EEL, BALRUHRE LI CWDETEITES,
AL+ NS WEIR D T — X DB AT 4T 1
YU INBE = AARY OB EREL , SHIZE— AR
Ny b OWHZRTEIRIC LD A ST 2891, Fig. 3
IR T ICE— L AR RO — 7LD 7 &)L D A
HWTEIEA T, FE 7LD —AHL 2 hOfE
133 (2) W,

1(x,y) [nA]
I o [ 1 {(x — Uy )2
= X pa—
2noy0,/1 — p? P 2(1-p?) 0,2 3)
=)y —ny) , O —py)?
—2p Ux(oy J’)+ - 231 }]

= =Y ONE-VE ) IUN %ﬁ%czwﬁ&%‘ézmﬁ%o
RET—4 i

4k

X [mm]

E—VHEDEY L ERES

Figure 3: Method of calibration between dose and color.
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Figure 4: Calibration curve between color and dose.
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Figure 5: Optimization method for forming uniform 2
dimensional dose distribution.
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Table 2: The Example of the Irradiation Condition
Forming 2 Dimensional Dose Distribution

Number of Turns 15
Number of Spots 1701
Number of painting 4
Irradiation time [s / painting] 81.670

x[n:m] 7 ' x[r:m]
Figure 6: (left top) Area of PTV. (right top) Color(green)
distribution by Gafchromic film. (left bottom) Error map.
(right bottom) Dose Distribution.

21650 24948
Count: 10366 Min: 21650
Mean: 24344.290 Max: 24948

StdDey: 192.009
Bins: 256

Mode: 24390 (340)
Bin Width: 12.883

Figure 7: Histogram of color (green) in a part of area of
PTV.
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