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Abstract

Measurement of radiation dose distribution in the accelerator shield is very important for knowing where beam loss is
occurring during operation. In addition, it is also a guide to find a place with a high radiation dose in order to replace the
equipment in the accelerator chamber before failure or to protect it with shielding lead. Generally, radiation dose can be
measured by survey meters, film batches, various beam loss monitors, and the like. However, in order to know the detailed
distribution over a wide area in the accelerator chamber, it is desirable to have a tool that is inexpensive and easy to install
and measure. Therefore, we measured beam loss at the compact energy recovery Linac (cERL) and Photon Factory (PF)
accelerators in KEK using Gafchromic film as a tool that can easily measure radiation. Gafchromic film is a type of
radiochromic film that discolors due to the rupture and polymerization action of a radiosensitive monomer due to radiation
exposure. Originally developed and sold in the medical field for measuring the dose distribution of X-rays and vy rays, it
has recently been applied to the accelerator field as well. In this article, we will report on the calibration of absolute values
using a radiation area monitor and the beam loss distribution measured at PF.

i CHEE DG ET & R R E R RER T 7 /aiv s 7 4
1. [XL®IZ Jb25(Gafchromic® Film Ashland #1512 B L7,

TN A BRI AR 2R CTHY | ERA TEDb N AR TIE, SR =) 7B =4 —% VT fascHiE o
NSRS RN AR R L P TR e s | et B KEK OSERIERES PF COREROE —AnaflliE
BARRAET S, B An A S ik PIERITT 2.

R DFEEE (LIRS oD b H D, i R - _
FHRIC D5 A— DL R e = — Tl Dl a e 2 BITRARVIIAILLIZDONT

1B =N Nt S Nl e V2 = 1 = 3 e By 5 Vo H7 a7 4V 521 Ashland A0 8L 44 TR
FEFHZ KEK THhE—AF=4—0 CCD HF - DHHM  MAORBICIVENEDLTUFIaiy 7 4L D1
B A=k JAREL TCAZ—F AN ALNTZD FTHH[1], beblid, EESIFT X Ry RO E
(Fig. 1), WHIKDOT LAR—ADFEFHRZ A= X0 3 AaHIE HELUTRA%E ., IGE S CTE 7203, IFIEEN
(LU THEIKDIRILD T 7 VEL R ETZD LT D, AOIMHEERHEFE THHEHASINTNBEHITHB[2-5],
BIL TR Y — Ve LTI F T T T4 7T (I
LEVIOIEDONHDHN, Zivd e AR OE TIEf A
FIHAL CTRIEF=E TOHGB LT T3 LF — (K17
DL, A% OFEFENmETHD, — I, Fox HFIH
LI 770007 )0 NI BGCRF BN AR L C, ikt
MR M/ ~—DEW - EATEAICE - T, Dose &%
BOELEL THBMICEE TE, &R A>Ty
7= % DBEFEL R 5 THDH[6].

(a) 2018 | 2022

Yellow Polyester - 97 microns
Figure 1: CCD damage due to radiation.
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Figure 2: Layer structure of RT-QA2 [7].
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Figure 3: The film on the left has zero dose, and the film
on the right has more dose.
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Figure 4: Equipment of V-670.
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Figure 5: Changes in absorption characteristics due to
irradiation dose.

32 TV AOYEEERIE

EABEZDOT ANV NE 10T W EFEDIEFTETHY,
ZOFEEFTIIRETETHNOHW_EITIEHZEEN DL
DFEFT~DOR BN TER, FDT-80  FADMF N
JOEBELLNS, X —% AW TEE O RESITEM
U7z, B2 I, 3R eSO iR R L HIBE L 720 i
R ONTZNTEDERET BT OR) = F L /DI
ATz, YN L7277 L DTN S diL BR AR BT L IE
frBEOBEL T T E =X — DR &R O B2 E DR
EGITNCERAET —7 2 HWCEEL, JEHERE IR IZH
WHIL7-, ¢cERL CliEEs R H i3 B IR ENICA
DBZENTEAEN, 2—WP =&AL D PF TlidfEH
ADZENTEIRN, D72, PF Tl 2 BRI —FE
DV AR T A DB g BN AR LA L
BREEITST,

3.3 ARFy o Lfifppr

WEZ DT AV DI DO BZ BT D120 H I
ERIEZ IR KA RO T Ty R Ry RAF ¢ —
ZNTT V2L, 41l PF lEI=ICHLE +
Bry /7 248D ApeosPort C2360 % V>, 24 bit RGB
(8 bit X 3), AR 13 KEREED 600 dpi THIVIAA
72, T VA NALLTZT — 413 Python & W CRMT 21T -
726 IZLDIT, MDNFZARLAK v U IFDIEZY DR B %
BET 5725 median filter THIEL, RT-QA2 Thcb
D Red BRI OB AR LT 8 bit 717 MED L
ZRD T, WIZ, Eq. (DEHWTE Y MED B E

Optical Density(OD)ZZHAL 7=, ZDHRD OD A7 4 /L
LD DIEEE LI,
28 -1
OD =1 — 1
0810 ( ) (1)

34 EYEIZHoOWT

K& 2T D TSP TH 7 /a3y 77 4V A
ST D W72 E DR R LA DO =L —1ZH SO L

- 744 -



Proceedings of the 19th Annual Meeting of Particle Accelerator Society of Japan
October 18 - 21, 2022, Online (Kyushu University)

TEGLTLEIZENR o727 JIE D E )5l
WARZER A LT, Table 1 1ZZNENEIARDEMCTHRE
L7274V DR E 2w LT, AR A D SN ge ==
WO NATICE D BE N RVIE TEHIENSH >
77

Table 1: Optical Density (OD)

Boxed and stored on the shelf 0.087 (0.003)

Stored with a light-shielding bag 0.09 (0.002)

under fluorescent light (for 1 week)

Stored without a light-shielding bag
under fluorescent light (for 1 week)
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Figure 6: Calibration Curve.
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Table 2: Fitting Parameters

a b c
All_data_curve 6.1x107! -8.0x10? -1.3x10°
LOT 01192101 6.1x10! -6.2x10? -9.9x10?
LOT 01192103 8.2x10°! -3.1x10° -3.8x10°
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(b) Outer wall of the PF ring, Installation period : 2022/5/6-2022/7/8, with light-shielding bag.

Figure 7: Irradiated film of the PF ring.
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normalized dose distribution on the inner wall of the PF-ring
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Figure 8: Normalized dose distribution of the PF ring.
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