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Study on dose estimation for low energy photons

By
Nobuteru Nariyama

Abstract

Recently, the use of low energy photons from ultraviolet to several tens of keV has
been extensively increased in synchrotron radiation and free electron laser facilities, where the
beam is almost completely parallel and the intense photon sources several orders higher than
that of conventional x-ray machines are available. In this context, the development of dose
evaluation for low energy photons has been crucial for radiation protection, medical application
such as coronary angiography, and heat stress in optical devices of the beam filters and
monochromators. From this point, in this study the validity of a theory used for dose evaluation
was examined for low energy photons, dosimeter responses of thermoluminescent dosimeters
(TLDs) were measured using monoenergetic photons from synchrotron radiation, and
furthermore by applying those results to dose measurements the dose estimation techniques
were improved. ‘

Cavity theory which is used for the estimation of the dosimeter response is
fundamentally necessary for photon dose measurements. For the examination of the validity, the
responses of LiF TLDs sandwiched between two Teflon, aluminum, copper and gold foils were
measured for 30 to 200 keV x rays from a conventional x-ray machine and compared with the
calculated based on the theory. The result showed that the discrepancies were 48% for gold,
while 15% for the other media. By using a Monte Carlo transport code ITS, the response in
gold was found to depend largely on the accuracy of the weighting factors used in the theory
even for low energy photons because of the large influence of the secondary electrons from the
medium to the TLD dose. The result clarified that the criteria whether a cavity was large or
small were related to the degree of the influence of the electrons from the medium to the TLD
dose, not the degree of the attenuation of the electron fluence in the TLD. For the dosimeter
response, noticing that the electrons incident on the TLD are all absorbed in that for the low
energy photons, another caiculation method was proposed using energy transmission and
reflection coefficients. The response calculated with the method agreed with the measured even
for gold. |



To establish the monitoring technique for the intense source of synchrotron radiation,
doses measured with a parallel-plate free-air ionization chamber were compared with those with
a total absorption microcalorimeter for 10-40 keV monoenergetic photons from synchrotron
radiation. As a result, the agreement was obtained within 3% so that the accuracy of the
chamber as a monitor was confirmed.

For the measurement of the response characteristic of TLDs for low energy photons,
LiF, Li,B407:Cu, BeO and CaSO,:Tm TLDs were irradiated with 10-40 keV monoenergetic
photons from synchrotron radiation. The glow curves were recorded using a TL reader
developed with a linear heating of 0.5-5°C/s with an accuracy of 2% and by integrating the area
the energy and dose responses were obtained. As a result, the energy responses were found not
to agree with the calculated: the measured values were larger by 6% for LiF, 70% for BeO and
8-24% for CaSO4:Tm, and smaller by 8-20% for Li,B407:Cu. Moreover, it was shown that the
linear region depended on photon energy: that extends to 0.5 Gy for “Co gamma rays and 1 Gy
for 40 keV x rays for CaSO,:Tm. For Li,B,07:Cu, the linearity extends over 650 Gy for *’Co
gamma rays, while 300 Gy for 10 keV x rays. On the other hand, LiF and BeO exhibited the
linearity to 5 Gy and 2.6 Gy, respectively, independent of photon energy. Furthermore, except
for Li,B407:Cu, supralinearity was observed that the dose response increases above the linear
region, where the maximum dose response decreased with photon energy from *°Co gamma
rays to 30 and 10 keV x rays. Calculations of LET for photons showed that the LET value
increased with decreasing photon energy, which suggested that the dependence of
supralinearity on photon energy and the disagreement between the energy response and the
cavity theory were attributed to LET effect. '

Using the LiF and Li;B;07:Cu TLDs, absorbed doses were measured in a tissue-
equivalent 30-cm cubic phantom irradiated with 10 and 30 keV monoenergetic photons from
synchrotron radiation. Owing to the effect of linear polarization, dose dependence on azimuthal
angle around the beam axis was observed with a factor of 3.5 at maximum. The measured doses
agreed with the calculated with a Monte Carlo transport code EGS4: the validity of the code
and photon cross section data PHOTX was confirmed for dose calculations in the low energy
region.

Using the EGS4 code, the depth doses at 0.07, 0.02-0.10 mm and 10 mm in ICRU 4-
and 10- element phantoms were calculated for 1.5 to 50 keV photons. The dose at 0.02-0.10
mm depth has been recommended as the estimated depth for the stochastic effect of skin in
ICRP Publication 60. The calculated result showed that the depth dose at 0.07 mm and 0.02-
0.10 mm became maximum at 3 to 4 keV, below which the dose decreases owing to photon
attenuation. On the other hand, between the sphere and slab geometry no large discrepancies
were observed, that is, the slab geometry is better owing to the simplicity. As a result, it became
clear that below 10 keV the depth dose at 0.02-0.10 mm in slab was a practical index of
effective dose defined in ICRP Publication 60 instead of the 10 mm depth dose.

From the results, it is concluded that an application method of cavity theory and



response characteristics of the TLDs were clarified for low energy photons: technique for the
dose estimation was developed and the accuracy was improved. Moreover, the dose conversion
factors were provided below 10 keV, which proposed guidelines for the point of view of
radiation protection for the low energy photons.



RE

R, B oRBEEZENE Lz v/ h oo iRl HEmEF L —F— RS ENA T
MLo2H5, TNHIE, Bt ke VITOBENWZRIAX -2 L ONFTHY 2RL, BEOX
MBEABER L VEHTREVEEL LD, FBAMENEEIZENTWS AT, EROKERIZIZ AR
ST B ERT B, T, VEEREEICNTIBAREE L. 7oA 74— ERE
IRIRRIE) 2D ET3ERMAL, HAWVIIIEM,. T/ 7 nA—-2 NI BIT 28AW
L BRAR =TI T 2BELVREFMENEREIIR > TE L, ZOXIRBANPDL, K
MR, BT 2REFMICHER IR ORIER L UBRER OB FFHERIE
EITWV, EHREZNLEREHEICEBIIEAT 22 LICE Y, REOFHMEN Z2m EE w7,

TP, SRR HREHONE R EEMICHMET 2HRTH S ERERIY. T OBRER
EDOERLRD, ZTOTD, XBEABEEND DI0~200keVXEREHNWTT 70y, TAI=Y
A, . @EEPOBREICGHREH (TLD) BB 2UE L. ERERE L OLBEIT o7, TOREE.
Ty, TNI=UA SOGEICIXIBBUNTEHEEL B LEZZ LD LT, &20BEI
II48RIZE B o7, T, HF - BF TV T HNVOBEHE2— FITSZAVWTY I 21—
T a rEITVD, EOBEIITLDRERIZHTHZD 2REFOEENRKE WD, HEEIMER
BORECRESERINDZE, 2F0 ., AP KEW 27 /NEW POEET, —KRIZ
Z2oNTVBEIHMER CRAELZEF IN—Z ADTLDF BT 5 BEOREIZH DD
T2, TLDREERIETHEOEASVZH I LEHLNI L, &bz, B X VX —H
BCIEE»ORAET 2 2RETFIITLDRCTIRTEREND AICEH L, TRXVF—FB, K
FEEEF AWV TREFHOREEEHET I FEZREL, 2OBELEDTERE L+
TBHZEERLE,

Wiz, BEORKE RBHNIIATBE=F Y TEFEHNT 5720, TOMHEEEHER
LICHIECE 2 2RINE~ A 7 o BEBHZHK L, TR B AZEKERS OE & k% 1T o 72,
ZORER, FINUNTHEDENI—KTHILE2HABL, T=F—L LTOREMEDEEY
MLz, EBIZ, TLDDEATF—ZThs S u—ihi (RE 3R 2 ET 3720,
+2% DIEE TO. 5~5C/sOEBMBEITHTLDY —F — 2R Ui,

ZDY—F—ERWT, TLDOET XX —FIRIZRBIT 2B /T2 ET B2, BEHYEH
b D10~40keVE—Z XNV F—HF 2 T oLV F UL FUVBIYF UL BIENV Y TAB LY
BNV T ATIDIZBAE L, 2070 —iROmEEL2EOTHIIEICLD, TX V¥ — BE
IR % BT,

ZOFRER., AN —IREREBIIZRERE L —BET., 79V FULAT6%, BV
U NTI0%, MBIV T L T8~24%REMO TR REL . KUY F 7 A Tik8~20%
BEBOFI/NEL 2D e¥bhol, £, BRERSETF XAV —IZEKETH L2
Lz L, BRIV T AT Coy BRIZHT L TO. 56y E T, 40keVXBRIZH L TIXIGyE CTEB
HEMRIENRY, RUBRY F 7 AT Coy BUTH LT6506y E Th D EMRMED, 10keVXHRIZH LT
X300y £ T LABEI NI 0T, i, T FUA, BIERY U DAL, BFoRLX
—IZDbbT, ENENSGy, 2.66yE CEBRMEEZ R L, ZhbDTRXAX—, BRESEMEIT.
TLDZ R T RN F—FIRICIEA T 5 BICHA S5, 2B, AUBRY F U AL, BERERRIL



ECRERENIEKRT Dsupralinearity (BEMRME) 2R L. ZOREKMEIL. *°Coy #R. 30keV,
10keVX MR &ERTFTTRAX—BELS BT ENSVEEZRLE, T2 T, RFIIxt4+ BLETHE
LV, BFTRAE—P/PEWVIELLENIARE L 2B 2 L2 EEMIZR L, supralinearityd ¥t
FT RN —KFHD D WVIET R —[RE L Z2RERE & OFR—FT, LETORBIZ LB &
RN LT,

Wiz, ZOREFEERE L7 kY FU L, AUBRY F U ATLDE AWT, BHEIEPLD
10, 30keVEi—T RN X —HF % AMEBARMRSM230enf DM FERE 7 7> FACRE L, A
HORIREZMZJE Uiz, REOEEBIZL D, ©—AE8EREIMIZBWTRKRS. 5EOHMA
REERBOND 2 Y, BUEBRRORESFEZHALNIC L, DL, ZOREREL, =
FIBELRBT 2 BETFREDRBIVERFELEEZ RV EAD L HOBBENKT - EFEVT
TV gs it E o — REGSANFHEMEAZ LB L CE O— AR L, B XAVX—FRICBIT 5 F
o R L OB N F T REPHOTX AR B3 Bz e~ B R B % 340 L 7=,

iz, Fa— FEHAWT, ICRU4, 10ERFRT 7~ FAWNO0. 07om, 10mniR EHRE L ICRP
Publication 60IZ & ¥ /8 ORERMEEBOFMES & LTHE 11720, 02-0. 10mmiE X REZ |
1. 5~50keVIFIZxf LTEE Lz, ZDOHEE, 0.07mn, 0.02-0. 10mniE S B EIL. 3~4keVIHE T
BXEZEVZENUT CREFERECIVRENBOTHZ L, REROHBME L OLERIZ LY
BRITHEDOHELRFR T2 &, EHITIL, 10keVEL T TiX0. 02-0. 10mmiZE & #3205 10mni%E
SHMEDORDYIZ, ICRP Publication 60CERBI N ENREBOEEMRIFEL LTRYUTH
5T EEHLNTLE,

INHOMEREND. BTRAX—HFITHT 2 ERBEROBEH FIER L OTLDRESH OIS
BRHERBA LN Y BREFMOFTWHPEEL, TOBENMELEZ, F72. 10keVEL T O#R
BHMBRENERIN., BRI —IFITHT 2 ENBRYEOEZ 2 F BB EX b,



HXx
B1E Fin
1.1 XM EORD

1.2 AHFFROBPR
BE W

F2E (B XX WX 5 EIRBR O A

2.1 25V
2.1.1 Burlin A8 O ZEFE
2.1.2 Burlin O35
2.1.3 2= - BB OMBRKE < B2 558 OMERK

2.2 XHBYER
221 Hik
2.2.2 BR IREE
2221 ITS2— Rz kAR V¥ —Fh - KEEE
2.2.2.2 JBE. WELOPETME
2.2.3 TLD®IE
2.2.4 f{ERERFE

2.3 RERAE L 25BN O il

2.4 EUTF AN EESE

241 f{EzE

2.4.2 RERLITSHEIRITS f HOZERDRER
2.4.3 MEREKOHE

2.44 EBFIN—T U ARG OHE

245 {{EHOMBEGEBEICT IRE

2.5 f{EOHLREHEL
2.5.1 oEH
2.5.2 oo R

2.6 #5dh

BEIM

10

12
12
13
13
16
17
18

18

20
20
20
21
22
22

27
27
28

33

33



FI3E B XAX—XFizxd 5 TLDIGCEEE

3.1 HHHREET=F Y > T EWFOBER
3.1.1 &N 7 n BB
3.1.2 HRZEEKBES

3.2 HEMATLDY —¥—0D%
3.2.1 Randall & Wilkins D=,
3.22 VAT A
3.2.3 InZsstt
3.24 T 4 N E— LB TFIEE

3.3 B EEAVWETLDERE
3.3.1 TRNVX— BEIGEDOER
3.8.2 EBRE&M
3.3.3 7o) Fu LALIPAERKR

3.3.3.1 7 u—gh#k
3.3.3.2 TRIAX—IFE
3.3.3.3 MEILE
3.34 FUBY F 7 ALLi,B,O, :CuHlERER
3.3.4.1 7 u—difi
8.3.4.2 TR —HE&
3.3.4.3 RESE
3.3.5 BRE~U U v ABeO)RIERER
3.3.5.1 7 u—ph#
3.8.5.2 TRNLF—HE
3.3.5.3 MERE
3.3.6 HiiEE AL T A(CaSO . Tm)l EHE R
3.3.6.1 TRNLF—LE
3.3.6.2 MBS
3.3.6.3 7 o —pi#R
3.3.7 TXNF— BEISEORERER
3.3.8 XFizxt+ALETHHEA

3.4 i

BE I

FTAE BRIV X—HTIZXHTH7 72 b LNRINERESS T

4.1 kR

_ii_

36

36
36
38

38
38
40
40
44

47
47
47
52
52
52
62
62
62
62
66
67
67
67
70
71
71
72
73
73
7

79

79

83

83



4.1.1 BIREM

4.1.2 BESMEE

413 77 v M ARRIURE~DEH
4.1.4 EHRIZE LR OME

4.1.5 PEHER

4.2 E T vu g
4.2.1 EGS4=2—F
4211 &V TR
4.2.1.2 & RN¥ =T AIER
4.2.2 HEFIE
4.2.3 FEME L JBMED g

4.3 HwH
2% R

BHE (E- XX —RTIIx§ 2R EHREREG A
5.1 FHE &M

5.2 hEtR & DB (10~50keV)

5.8 JtrWrmBEA o k& (10, 15, 20 keV)

54 BfI 7N —T L AYEDIEIRE
5.4.1 FHEHRE (1.5~50keV)
5.4.2 EHREL OB

5.5 f5%
BE
FOE BIE
BiEE

48 ICRP, ICRUBS4RFAE
AFRICENE LTC RS, i

-iii-

83
83
86
86
88

88
88
88
88
89
89

95

95

97

97

97

99

99
99
101

101

102

103

107

108
110



CER

%o
A(E,,T)

I

Yk

B

T trs 7] ref
i
Koenl D
B

0

NN ()

w2 c

@, , 0.

3%

O>”§cﬂ§

d(L)

HFIZ LV RAE LT BT XS
27 kv

RUGR &

EBF DB

ZEROEETRES
HMANEEYTVETFPERTHE
A DB

KR CHEDRNBZ %5

B FCSDATRER

BT o EE L [UEOE &M
1EBBEL

BT HEEZE R ILEE

Ex
KEPTAF U2 ED DITHE
7R FH) T R F—

K i &

BT OENEBRIURE
TRVE—FEB, KR

ST RRIR LRI

BB RV —RINRE
FBEFIC L DIBEARE

biodi o
EHEL I N—T R (BE. 28
TRFEA)

RN EHEF 7 N—T R (i
B, 7R

N
SRR
i

LY O
TEHEILT )L —
EEHIE

K'(T’,T)

Stot
t(L)

A%

F(x,Z)

ko,k

S(x,Z)
0 c
0 kN
O R

gr

w5

._iV_

RATRER

EnERIK

S A A AR T v
O ERME

RNV B

18 B A R AR S
ITRVE—T DB FNTRNLF—
TO2RETERESTDHER
BRRE

o

BERT

2B THEMIERE

track lengthy #fi

R¥ES

ok BE

FFITRES
RFBREF xiEEh Bk, Z
IETES)

x=sin( 8 /2)/ 1

0 BELEA, L OtTFRE
A, WELEF R X —
TmLE

FET M B ELRE %L
ENCAYS STl
Klein-Nishinalft F

LAY —HELWr A

kA Y L REL T TR

BABREYE
JFnREsE



HL1E Fin

1.1 AP EXOBEH

WE, 73 777 PYVIREEND, BEROFAEZENE LIy v 7 v ba i
BROHHABEF LY —HRBSERNNTHEM L2555, BF v 7ua baib#nsit. HEO
FiLE CEBT2BEKERE CINE, H2WVIERFE—EOT RNV X —CTHENICEHT 2 %E
THY., BFINEL BRA CHITS L ECHMHNEN BRI BBAETH D, EOREBII, &
AEE BTk e VETOBENTZRIAX -2 L ORTTHYRNL, BHEOXBRBELB LY
BHREWHERELZ L, ERESERICEN TV RP T, EROBEBRIZIIRI >0 %E2H
T5, 29 LR D, Ak OSBRI 2HBERNT, VYT T77 40—, AT BHK
SBppE ERCBIT3ZHRLYESFEICBV T, ZORARMTbhTW5, &<IZ, BilixsE
3 HEAR IS L & FRI X3V D ESRFY . APSY, SPring—8% & Vo 726~8GeVD KEUMEFR DIFFRIZ X - T,
EBIZKHRE, BTRVE O —ARNEBLNDZ LIk, FTETEOFAGBEGILEND L
DEHFEIN TS,

—F. EOFMIAREL THZRBBELECTVS, 1z, KRy EoBETHD, ©
FNAF=PENENZED, BHEHEREXBRTHS, %%%’ﬂ?é&%ﬁ%%@ﬂ%%ﬁﬁﬁ%
NHDIN, 29 LEKRBE IR R A X —BEIRBMRIIERLR o1 b, BRE
%Ek&ﬁ%i@?~&ﬁ+ﬁ?&woit\T//ﬁ7774“(ﬂﬁ@Wﬁ@&);ﬂ%ﬁ
EHAVBHENSED LN TWBENRY, 25 LZERZSHFREOMIBREFMIZOVWTHLRLTZ &8
Wixh, EbiZ, BRICEZ2BEE. TOKEYKIZE b2, BH, B/ 7 aA—F R ERFER
FOBRAFRPHHEE 2oTEBY ., 29 LIEBSRMEASCHIE LD REL L TRINRENEE
ERRoTWD, ZOLHIC, MROWEM, KL, FIRGKEOEN Y KFEAEEDLE T, K
RN —HTAIR T BDREFMMEMN 2 M X B MLEEPERL TN D,

T, FOREFMEED D ETCHERLULRTNIIRLZRVERER LU+ & &M%, B
. BA% - AIEB I OAmEICST TUTIRBRRS,

BiiEH

9. REZFET 272D, TOEEEAUTILENR DD, &2, HRRELIET
5%9\A%@ﬁﬁﬂtﬁnﬁdﬁ¢_ﬁgd%ﬁkféoL#L‘L%\ﬁaﬁi%mwﬂ&
IR DMBEE L ODOT, ZORBHOFEAMEIL, BEET 7 FAPOREBEERDE RN, &5
12, TOERIIMEC RN T EHWRT 72D, ZORAMEL MR ETIMERNORBICEHRE
179 L X DBEPBRTRNVE—TIIREIZR->TL b, ZOEBRIZANWLN D HHITZRER &
FEIEIL, E3R°°Coy MO TR NAF—FHRE P LIZANLNTETE Y | 100keVEL T DR XL ¥
—RFIZHT BBEAMIC OV T, TOMLEERLT LR 2ol b0, DR
BT Iahol-, Bz, BHEBEFIZE L THWSI T X BurlindD 2Z8REHRP IZ OV T,
%m&hfméMi%ﬁ_omfﬂ G L2 OFBB/B R ENTRYIOW ZoWHEITOICH
o CTHERICLARMNBLEL S TW302,

(BHE - ME)

50keVEL F O R X —XBOBEBHIEIZ DWW T, GreeningiEfF L= X o2, Fhll bk

DIFNVF— LR DHLWEERD Y,



(1) TANAFEF—=PEL RBIZONT, KEBEHRERISEEIZRY, R TWEHEIETFRAX—IZK
FLTKRELETDEDIZRB, LEB-T, TRXAX—XXT MOFFE#RH X 0 5z &
EHrd, ’

@QEZRXAX—DOKTFIL. BRPEKPCRZBIHRET 272D, HMEORINBREZHET
L8E. MEMBORBEIZREEKETRZ LIZRD,

B KEBRERT RV —RIVRERB LURWRNRERIZLY ., BRI VBHEE. B
DZEMERSDE. BEOTHRY Lo BB EL 5,

EHQEBETAEDICE, BRLE LTE— XAV —BNEHATHY, BEEEAVIIE, o
HULTEART MVIERVIZRERTAEELR/IMRIZTE S, FH@ I, BHEBEOET=F—
WicBboTL %, Thbb, BEEHERICBWTRNZITSHE. 20X B L¥—
TRBEORFE—L2EZHE LT EAER, T T, B EEFRERNSRT & XITE
BEEZANWCE=Z—T286. AFVEREREORAERILIRVIOFBIZE S BIERIZ
FVMEOHMELZHEL, MEDEERLE T LIZLY, TORYMEFIMTILEND S,
Bz, ERNIEDEZERESTHDZ &, HIBBEROEEN DRV LW o o E X, EEF
REDHERBIZBWTIHAARLRZDT, €5 LERERLLEREITO BB LND,
ZLT, BEFHE LTUTZBIRT 208 RBETHD. BHEOREHEEBLTLGE. T2 & 2Tk
SHRE IR CEEX%2 1T OB ICAV LN AAERRERH L. BfE30~50keVE TOITRILF
— M LME RSN TRV, BEOLRES (TLD) b 200 &2 THB, LirLl, Ko FX
—HFITHT HER L LTI, RV TLDRE LB L CWE EEx b5, TOHEHBEE LT,

W FFEEPNNENOTHORICWE, BELOBENRD 2L, 7oLV F U LARLERVERY F
U L7 8 ARERRBOEZENRFE SOV ETERAVNVERF R XV X —RERE LN B,

Q) IERENLERET CAVEHICEREEZE LTBY., oD X2 RMEOROBIRIZ G
BLTW3,

(3)IEH ., MERKTFMHERI RN,

(D2 R EHRFBES L LORFERAATE 5720, ANMEAN OB B ORIL T F X —
FHETIHBCLERATE B,

ZENRFTLHND,

TLDD TRV F—JRE, ERMEEFD LT, Greeningld, LIFDXBRBFILHELY 5 X 5RT
E LT, TOEOEET XNV —RIRE, EHEEORIE, RiFR. BEL L, LET, TLDHF®
WHFREREEZHFTTWDEY, ZD3H, LETOEEIZ DWW TIE, WL 2DTLDIZBW T, FEXt
ZhaR, EBRMONF T RNAX—REENRERIN TE LD LIZESN TV BP0 TLDHEIE,
BN E R B2l LT RN BF B OND I L 3AMRIZLTEY . b L. BRPZR, KEIZ
AW RINE - RETIIXIAX—L O TRRD LTD L. ERERICESERLY
—IEREERHE LTS, B LEMEEZELNRNWI LTS, L L, BETREZ LI, 4F
THRESNEZREBORIZIE, MRVIELOEXPRLNDIETHD, ZRITE, WL 2PDR



RNREZLND, T2& xE, °°Coy BUzxtT 2RI RIT, E=F U TBHE—TIRERER
FOLRNVX—EERRET D LWL TH LN TE N, 25 LERAIEEIX. k5 Lz
B R X —EE TR XX —DREPE LN b H D, LA ERRRT PV
RV OB XBEAEBICLVITOR TS, 2E Y, &ANZEET T26reening DS (1) % 1
RLTWARY, 72, FHFEQ)OTLDFHOXTFREBEEZZBEL TN R2NLDbLEH 5, ISR
B, BAEBEOHHOBLE—IHEOELLERV D, EtOMESEHHAR L OATRY
S2TW3, &b, Je—lREARTVWRVHRELH D, Jo—l#Rid, INEEE OB L

L CTLDDZEEFRE 23 L 72 R T, Horowitz2SR_RTWB L H 27, TR AX—IE& %2 HlE T
5EEIE, WETBTEIAX—IZH LT, 20 u—#MRERESEOHELE L b5 LERD
Do ERL, TNLIX, HET —¥ ORYHOLRI L — 7 OFECBET 2 FEREEFE XL TIND
NHThD, LL, Fu—ilRoik, ©—27iEEiX, Randall & Wilkins®F®P |2 k- CTHH
EhA k52, MBEEICEKTFT S, £, TOEBLMBEEICKRET S EORERRENT
WBY, ok, Fo—iREfs 70k, REFBRMENDHY . ERNAEOBNZY —F
—BUEL RS, Db BEHE LTUSHAT 2 ECHLEREC XNV —HEIRIZB T BISE L
BB, 29 L& 2T_RTCEAXTHEZITY &N RdbbN D,

(]

BAFRRETIY, BFAFIZEE LEREBETREZREGTHZ A ROLND, Fo. HIR
P IZ A ORIRE L JIE LRTER B0 &b, TLDZEARERHE LTURATS
Wi, EBEABORHATHA 77 b ELBIZERL, REUNELZELETALENHD, &
BIZ, Ty VAT T 7 47 FERBHOWRIFMOZ DI, IBHROBEDSHBMLEATHD, L
AL, Zh b HBRE RS b, BFEEE Vo LANROMBRIZRERER LT, BEREDAY |k
Mo BESA, FRUZE B0 ARRINOFHEN A, BEI BFHIZ LD BBRGOBRELE LV
RN BATL B, Z07, BFEE LTHE—XVX—RNEEATHY, AVSBREH
L LT, BB AT MVOEREZIT RV L) BREBSMAERE L L, B RV —
ERFBLTORNWE ERKETH B,

MERERE E BT RV —EIRICR T 2R EREREOEFELEETH S, BHRI#E LD
EAFANZOWTIL, EEBINBREFEZE S (ICRP) BEVE21T-o T & T, RIZEBRSIL. 19904
HEREEZITVD, EMREICET LR, RANCOWTKBRER X To7z, ZIUd,
AR EAE, SMRECEAN, EPREICBT 2MBRERKOEE TH S, Sz
BITEAEOEL. &k L UIRT, FICREGHREIZ0. 010 EAEAE Y Y ToHN DM
B CH D, ZOICRP Publication 60IZZE-D< EFNEREIL. Zankl HIZ L U 10keVAH>H 10MeVIEF
W LT £ A XV 1TkeVA> 58, SMeVIEFIZH L TRFHE STV S,

UL, EBC, HIENE L FEREDREORDYIZ, FHHAIERENEAINL TS,
E B H RN « JIEZE B4 (ICRU) 1L, Report392¥ 1235V TICRUBR DAY BRIE S I BT A8 Y
EXRYBEUEBORDVICHNEAEOEREL LTHVWAZ LIZ L, BEBREEZREL. BE
BELEANRECSTTHAUEREZER L, T7bb, ICRUIEREZ VW TEZHREYE, HR
HREME, ZRMEANREYE, REHAARBUREL TR LT, ZOICRUEKE WD D, ICRU
ASReport 1PV IZB N TCAEDORD D IZHERBICE S REOEELRET HMEEIR LI L
EWZ, FOLESF L LTHEHUDTRELEZATEWMCON,ONBRD 77 NATHD, *



£ 1.1 HAEHERR

KR - 2R AT EAS W
ICRP 26 ICRP 60

(1977) (1990)

AEFE R 0.25 0. 20
REFRE 0.12 0.12
K5 - 0.12
i 0.12 0.12
B - 0.12
v - 0.05
HLE 0.15 0. 05
Jigy - 0. 05
R - 0. 05
N 0.03 0.05
K& - 0.01
BRE 0.03 0.01
v ORE: - e 0.30 0.05

DEHEF BIXICRU Report 43222 W TIXUSHTHFEL L TEZ S, ICRU Report 4729},
HEEAED S LHMHREYEDOERE BARARNAE L OBMRIZBWTHRIZL, E-@EA
F=F YL ELT0.07, 3, 10mESDEANRELEEZ TR L,

RFIN—T U ZBHBVIEIERI—<D b, £ ) LIZFHAEAETH A ICRURS 2 WIXFEHRA
OB EICHET D7D DBEIL, £ OFFEEIZ L > THE SN T& %, ICRPHReport 5127233
W, A BRI T D MEBRBEREOT — 2 E L HTWVED, 10keVEATIZOWNWTIE, &
BLTBOTEHAEZDEIENR, £, £ LB RIAVE—XBUCH UCTHEHE L 25 HER
X, ICRP Publication 26\ THRE Y BOFHEN bERS S Hu, BREREIL0. 07TmmiR S THI
ICEZRSN TV, 1994EIZICRPROEMEB S OWMEIL L VY| KEREBIIRERIOZ RIS
LCid, B2Eicbrz - T0.02mAd 5 0. lanDEIZH 2 KB ORE THMT 5 & & ahi,
PEDX >R LWERBIESIREFHREOFHENRERE L RoTWVD,

T OWMBREOHEIL STz o T, BETNEHE 22— FRLIUWEEEL AV Z ENEET
Hb, L, BTRANX— BT 2WEHEORZYME2FTMTE 2ERIT. 1IZLAETDRT
WAV, FONFEETIE., L0, BERIN, a7 hosEL. LA U —SELSEET B8,
Db ary FUOBETCIRETHEENRELER L 20T 59, Klein-NishinaDX % £ D
FEHEATERWRY, ROTIAX—FEREIIBOBOERLED, b, h—~<iEloR
YT bbb 2 KETORBOFELZFARDILERDHD, oL e, 77 FARNOE
MBI EORFv— BB L, TOBEFMEIToLHE2— FE, KT xLX



— N FIRT A MBERBOFHEBIZAWVWBLERN DD,
DLk, IR RFAR—RTFIHT HBREME L ED D L CHEREN, REZEET D LROL
AN B,

- 22iRER D AV ORREE

c Vo—iliEE L b o TLDD T XX —IRE, EREORIE
BET R X — 13—
BEARET=F— &, tMOFBIZESJER L DR
BEEEYOBN - ERIMEATLDY — & — DB

< FAFRZEMTLDD 7 7 > M AT BI5H

- ICRP Publication 60{ZJE-3< 10keVEATF & & - MMEBBE LRI OFHEI L OEZRE & DL
B o — FERFEEBOET XX — YTk st 3 5 Z H MO

1.2 XHEOHBE

AR T, I TEARE RDERBROBET RN HFIIHNTIEAMEZRAD D, 7y
LY F o A (LiIF) BB ESE (TLD) 2F 7 ny, TAI=v A, 8, &ETIRER, XESs4E
BN D D30~200keVX B % A UTRBEELIE L, £ OME L EREREL OLLEREZITo 7
LA R—ERAbREED, ZORREFHELMITHZLIELE, ETEVT VRS -
BFREHEo— RITSOOREEAHR L, TOE T, Fla— FE AW TZERERME & AIEMo =
REEE Lz, &biIC, B XX -HTFzd LT, BRETBEFDHEIC LTHEEEEEET
x5 %E, RERICESHTHRICRE L,

Wiz, BURSREH 3 E=2 ) o VB a T 5720, £3°, @RNE O~ A 7 n#EiHE
BAZE L. MU aEDREEZ T o7, TOHE & EITFERE HEREBRMBEOEL LRI L
Wk, F=F— L LTORBHMEDOHEZIM LT, /-, TLDO S a—hiRE & 5720,
BEAMEATLY — & — 2B L. TOMREEMRE L,

ZFOV—F—FRANT, BB EH 2 ERICRT A — TR 5B BEREICSAT S
72, AMEERRASSM2E T LTAEKFHESNTWE 7 9k U F U L(LIF), SUBYF UL
(Li2Ba07:Cu), EL-XY U7 A(BeO), RUOCREBEBHNEATHY ., VU arMLiEWRTFE
B& b ORI VT A (CaS04: Tm) TLDD TR V¥ — BEINEZ, o7 u o laensd
D10-40keVE— T R X — 2 FAWTHIE Uiz, FINBEIR. 97 0 —hiRE ERMEIZ XV 38
L. TOEBEEST I LICL VBT, TR X—IRE I REREICE S HERE L.
MEBINBIL Coy BRITHTHARREUB L, EHIZ, ZONTTRNV—KEHREERT I
W, FTo—lROFEHEZOY—-IRKES, P—7REZAVTER L,

wiz, FREOAEEARBEMRERTIDTCHE 7 bV F UL KUBYFULEANT, v
vrn b rHER B D10, 30keVEE— T R VX — X HR R AMKEREAR S 72 30cm A 0 35 A1)
B7 7y hACBE L, REORBESFEZRE Lz, TOREMEE., =27 M o#BELICRT
ZEVFREDRBL LCERFELEOBELF AT 2EEELBRTE D L), Bz R —3TF
IR ST - BFEU T vkt o— RECSSY OHFEMEZ B L, T OHBERE



B LU TWimAEE PG L7,

% DEGS4=1— K& VT, ICRU4, 107tR DAL E HOFAR T 7 > F AN D0. 07mm, 0. 02-0. 10mm,
10mmiE S HRE% ., 1. 5keVArH50keVIEFIZH LTENZHEHE L, oK, FHRERHEML b
B LTz, TORRIZOWT, 1990FDOICRPENVE I S & HE S - EPREHEM & BB E 1T,
B L7,

ik
National Laboratory for High Energy Physics, "Photon Factory Activity Report 1994," KEK Progress
Report 95-1 A/M (1995).
AR, "V rua b S BERAE(1986).
Haensel, R., "Status of the ESRF at the end of 1990," Nucl. Instru Meth. A303, 405-412 (1991).
4,  Shenoy, G.K., "Status of the Advanced Photon Source project,” Nucl. Instru Meth. A303, 413-420
(1991).
5. Kamitsubo, H., "8 GeV synchrotron radiation facility project in Japan: JAERI-RIKEN SPring-8
Project,” Nucl. Instru Meth. A303, 421-434 (1991).
6. Hyodo, K., Nishimura, K. and Ando, M., "Coronary angiography project at the photon factory using a

= ¢

won

large monochromatic beam," In: Handbook on synchrotron radiation, Vol. 4, Elsevier Science Publishers
B.V. (1991).

7. Mgz, "vrru a0 SLE (1996).
Burlin, T.E., "A general theory of cavity ionization", Br. J. Radiol., 39, 727-734 (1966).

9.  Horowitz, Y.S. and Dubi, A., "A proposed modification of Burlin's general cavity theory for photons,"
Phys. Med. Biol., 27, 867 (1982).

10. Shiragai, A., "A comment on a modification of Burlin's general cavity theory,” Phys. Med. Biol., 29,
427-432 (1984).

11. Janssens, A., "The fundamental constraint of cavity theory," Phys. Med. Biol., 29, 1157-1158 (1984).

12. Horowitz, Y.S., Moscovitch, M., Mack, J. M., Hsu, H. and Kearsley, E., "Incorporation of Monte-
Carlo electron interface studies into photon general cavity theory," Nucl. Sci. Eng., 94, 233-240 (1986).

13. Greening, J.R., "Dosimetry of low energy x rays,” In:Topics in Radiation Dosimetry, ed. F.H. Attix,
Academic Press, New York (1972).

14. Boag, J.W., "lonization chamber," In Radiation Dosimetry, Vol. I, ed. F.H. Attix, Academic Press,
New York (1966). '

15. Almond, P.R., McCray, K., Espejo, D. and Watanabe, S., "The Energy Response of LiF, CaF,, and
Li,B407:Mn from 26 keV to 22 MeV," Proc. 2nd Int. Conf. on Luminescence Dosimetry, Springfield,
CONF-680920, 410-423 (1968)

16. Tochilin, E., Goldstein, N. and Lyman, JT., "The quality and LET dependence of three
thermoluminescent dosimeters and their potential use as secondary standards," Proc. 2nd Int. Conf
Lumin. Dosim., Springfield, CONF-680920, 424-437 (1968).

17. Horowitz, Y.S. (Ed.), "Thermoluminescence and Thermoluminescent Dosimetry," Vols 1-3, CRC Press,



I8.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Florida (1984).

Randall, J.T. and Wilkins, M.H.F., "Phosphorescence and electron traps. I. The study of trap
distribution," Proc. R. Soc. London, A184, 366-389 (1945).

Gorbics, S.G., Nash, AE. and Attix, F.H., "Thermal quenching of luminescence in six
thermoluminescence dosimetry phosphors-11," Int. J. Appl. Radiat. Isot., 20, 843-852 (1969).
International Commission on Radiological Protection, "1990 Recommendations of the International
Commission on Radiological Protection,”" ICRP Publication 60, Pergamon Press, Oxford (1991).

Zankl, M., Petoussi, N. and Drexler, G., "Effective dose and effective dose equivalent - the impact of
the new ICRP definition for external photon irradiation," Health Phys., 62, 395-399 (1992).

Yamaguchi, Y., "Dose conversion coefficients for external photons based on ICRP 1990
Recommendation,” J. Nucl. Sci. Tech., 31, 716-725 (1994).

International Commission on Radiation Units and Measurements, "Determination of dose equivalents
resulting from external radiation sources,”" ICRU Report 39 (1985).

International Commission on Radiation Units and Measurements, "Radiation quantities and units,"
ICRU Report 19 (1971).

International Commission on Radiation Units and Measurements, "Determination of dose equivalents
resulting from external radiation sources-Part 2," ICRU Report 43 (1988).

International Commission on Radiation Units and Measurements, "Measurement of dose equivalents
from external photon and electron radiations,” ICRU Report 47 (1992).

International Commission on Radiological Protection, "Data for use in protection against external
radiation,” ICRP Publication 51, Pergamon Press, Oxford (1987).

International Commission on Radiological Protection, "Recommendations of the International
Commission on Radiological Protection,” ICRP Publication 26, Pergamon Press, Oxford (1977).
International Commission on Radiological Protection. "The biological basis for dose limitation in the
skin,” ICRP Publication 59, Pergamon Press, Oxford (1991).

Halbleib, J.A., Kensek, R.P., Mehlhorn, T.A., Valdez, G.D., Seltzer, S.M. and Berger, M.J., "ITS
Version 3.0: The integrated TIGER series of coupled electron/photon Monte Carlo transport codes”,
SAND91-1634 (1992).

Nelson W.R., Hirayama H. and Rogers D.W.O., "The EGS4 code system," SLAC265 (1985).



Fo2E [Ex R NUX—NFIx9 5 ZERBEE O

21 ZEREWH
2.1.1 Burin BT ZAER R

HFIZH LT HIHEFORIREZRET 2HE. WEZOMEI L IIR22WEN DR DH
BHERBATEIN, Z0HA. REFOHEAEEZ AMERNOBREICERT DI EREREZ V5,
ZhiE, BEMICREOA ST BEEN T OREH L LTAVDR TE LI &L XD, EiRER
DEBEIX, Bragg? &Gray? il Lo TN, KTFIZ Lo T—RIZBH S, ToRORUEREH
F o/ NERBMDOEHAHFTTCIIBFIEEERIY LTWD LS %, +OIC K& 2EE ik, B
HORE P ORMNBRED 1L

D, =s,,JW, /e (2. 1)
THzbhBE LY, JRBEMNEEYZVEFNERTEEASA T OBRWTHY, WiIKE
RTAF R EED DICMERIEBH T RNVT— smldBTICXT HEE & [EOEF ER ILREL
ThHbH, ZIBTOBIMOEEL RITES T, HRPTRAELLEFIIERCE ., B3N
IRNE—FTOTRINAX -2 KD "EHERBAL BRI o TCOATRLE—%KI Loz
SERLELENS,

Spencer LAttixid, 2IRETFDS L, IHIZEHZEZ IO+ I X —% b ol § 4
DFEEICER LEY, ZBRANTHEALZI ) LEEFIL. BRP TRV —2 T Thbd,
W BPOTRNVF—F S o TZEANPGMIH TP, 2FE V| EEBET I E S EEHELE
BECIY., FEBRIZER TR END RNV X — 2B REHMETDZ L2k d, 22 C. L IEER
IEREDEMEICIY, TRXAX—BERDHDE I Y FFTZRAX—A LY b/INSWEROHZZET
RE LBz, NLYRERIANVX—EHOBETIE. ZHOMIH D L3 BREEZ D &b
By A FEROREIICEBRLEEENWZD, 25 0L7. A BNBDEEZ L oT-BEIEREIX. "R
E R ERE & TN D,

212 Burlin®EH

2.1 1, ZHRABEAET, ZRPICRBITBRFOMEERAZEBHRCEDIHETH o7z, LI,
ZERBEE T, LML ZDOTENERPCRETIEFOREL Y REWEHIZIX, ERPTO
FFOMABERPEEIZ LY, ERPORNBRETZOXRTFHAEERIZL > TREENS LI
2B, OFV, WHLERORIBREDOIT, BETRNVE—RIREOkIZ L > TEXB NS,
Burlinid, ZORIZEFEB LT, T_XCTOREIOEMIH LU TGEATE 2HREENTY,

KT Lo T—RRICBH SN H D BEEND, B EENIEN L T35 SILB T 2 RIVRES
WET HEA. BENORIRED L, BREHANORIVRED 235, LUFOBMER A VTR

oD,
Dc

f—Dm
f DS FTRVE—, BEFOM. IR, ~TiE, BEOMEICKE L, @, 2SRRI
Lo THEXbNS, BurlindBEHRIL, 28, D% VBB BB R DD 2 REFORIRIT A
TRSWEA L KEWEA DT, —~ROKX SOBEAIEE 2 DESMETELDOTH D, 2

(2.2)



E/N

f(Ey) = d(Ey) £ (E) +(1-d(E) f,(Ey) (2.3)
L72B, T TR, £ B IZTENTIN S 28R, KEARZRICHT S { 28T, d(E) it
B> 6 DEF 7 N— T 2 DZHRNTOMEIC R LIMERECTH D,

INETRZERO £ T B (E) X, 2. 1. 1ZATHEA L7-Spencer L AttixDEFRIZEDINTN B,
Bo1E. ZEROKRE SPETF ORI ATT » EASWBE, COBEFHRBEIHT S { O
KOKIZ L - TROLBND & LTz,

[ (5. ST, Mar
T,

2T, Tl ARBF T RN~ ¢ul(To, DIT2REFEMZY bV, SAT, AV IIREHE

BZLPRIE R R d, ERUITROEET TRY S0,

f (L) = (2. 4)

a . WEDTHAEUZETRY MVIZEROFTHLEL LRV,
b. B PCELUEBEFTRNAX TN —T X IZEROPCTHEE L2V,
c. ZBIRDOELEIYEFEES 2 5L X R,

K ODETEFRFCHT I THY . RFAFICH LT £0HIRQ. HEANTRO L
S 2B,

E

[ AGTOT £,(T)dT,

S (Er)= (2.5)

Ey

[ A, T)Tdl,
EAIASNEFZ R AE, DIINTFICL o TRE LB TRAT Mrgkd, #(2.5)
DRI, ROFER S BIZBHETH D,

d. T BIEROGFEIZ Lo TEE N2,
e. 2SR OYNFDOMEMERITERTX 5,

WIZ, BROY A XIPEBEFRIBICHAATT o & REWIEE. Burlinid { O,
)
P/,
)
P
ORIZL->THE X, (pa/0)e . (Leo/ p)dIFNENZER, WEOEET XN —RIVEKZ

#T, BIEHUR. B XBOZRL ORFIL, ZOZBEOPTCERBINLTHEY, K(2.6)D
R DT i%, Sk dizimzx T,

Si(E,)= (2.6)

f HENL O 2KREFIIERTE D,
g. B EHHIE, E - ZRMOER»LRRNEBFREUNOHREZRN T H bW 2 HR T



Ej—éo

SHENBLETHD,
INELREL d (2O T, Burlinid, TRAF—T o DEFITRT HMEREA(T,) 2. WOKD>
bROLILD LE T,

[ exp(-pr)de
[y
BIXEEBWIULE. gl IZTROEHITRES 2R, XT3 d(E) 1. (2. 7) DAE,)
WELWERETZM, XCDE 2REFIEHRLY MTEHTEZOZ LizkoTHESh

Do
SLEX Y. BurlindR (2. 3) DRLILIZIE, Sfha. d. g ORIIZ, ROSKHEBPLELRDOW,

d(To) = 2.7

h. ZZHNTRE LEBF I NV—o X3, XY MR BTG L DEF RS k
MO LR U & CHEBEROICELN R v 755,

TITHEBTREILE, 29 LSRRI IAE—NTFICH U TR ICEI- T A O, B
B L RBE UHERN DR BEETE T ENWI 2L Th3B, 20, MEOHEMBRL I HEES., X
(2. ) IIRE Y LI IRV TTREMER B B,

213 ZEfH - HEBOARNAKE( RIS BEOMEREK
B COFMGECH ol L R L2,

B, | ©F exp(-p,x)d
@5, jgcb;dx
0

SEV, dik. BEAEELEEBOBEREETIC LT RAX O, BERR LRE
LA DI RV E—LHEICRT B E B X, MRS, 1-d 1, ERBEDBEFINV—T R
SEEE & 2 D2 P O SR CEl o 7ol & B Lz,

D, |, PLl-exp(-px)ax

e g e
@; jo O dx

ZOHEE L, 1-did, EART v PR EE UL EROERELEBETIC LD TR —LHO, ©
NERT TR LOTRTEERETHD LIRE LB EDTRAX I T 5t kb, WE
REHEDOEOHE, 0 ~0,L720 LB TEEDRAY by, AESFHNE Ul Tk
BLECLERY, XK@ ERC.HOEALOFNIL 725, 2FEV ., Burlind3(2.3) LR LI
2B, LA, &ELIFOLD RTRYWHBMAADLEOLAIX., 0,0, BHE, 2K
B AT MVEAESMLRRBD, N(2.8) L (2.9DFT1 2520,

d=

(2.8)

1-d

it

(2.9)

__10._



o0 ' T ; T ' | — O 8
o | . |
Q O c= O cC(1-exp(- B X))

c

) R .
=)

c

O

103 ] q)w: (DweeXP(“ B wX)

L

) ] 1 ] | ] \
0 g

Depth x in cavity

E 21 ZRADIZBIIZEFIL—IVAOEELELR7ZY T

L _Fxi-d (2. 10)
]
Thabb, FHEBMEAELYOSHE. (2 DI
f(Er) = d(Ey) f,(Er) +d'(Er) f,(Er) 2.11)
LR WMNESAE
d+d #1 (2.12)

OBfRIZARD, 2FED, BREBRO—MBROBZBEAMEEL A2, K@ 1)V THE#HR LT
NITR LR, UL, ZOMERE S OHEFERRMSW TR LT, ZOBAINELA LR
énfmmmo%:?(%ﬁf%%ﬁ(%anT%tK@®®MiXW¥~%%KﬂT5ﬁ
MAEGEHEEZ EFRHARB LI L Y, ZOMBRKOMIOEREER L, (2.8), (2.9 04
ERREET B Z iz Lk,

_11_



22 XBRBY=ER
221 A%

XBRBHOERIT., AARET IR OB BRI ER R IZ T, 10-400kV X #R 3% 4 2= 1& (HF-
4200) 2 Z AW TIT o721 . AW FEL RV, 32,49, 80, 160, 200keVTH YV . ZDHEIX
RMBOEEPORDIEBRBERFIZESNTNVWSE, FZRXAVX—CHAVWE T VT —% %
2. WRT, RPTRAX—DRRTRVX—IZXT D THDIREEIEL, 7 3C0.8TH Y,
FIATE DR OHEBIEVARY M AW, K 2.21%, BED L ImOERIIZ S Vv =D A
BREBEZBWTHIEESNTE T AT b THDY , ERHT R AKX —-80keVD X BRIZHT LT,
B TAT =Ty ML OK-XBPBEIND, LI L, TOXRFHITIEEFED2%THY |
Fio LiF & RO 3L ¥ - TIRREII80keVOMHE TR E S EIL LAV, S 51T, FHAY
FIARRHE E LTV S O T, TLDREICKTT 2 8 X ROMEBIIEE CE 5 ¢ B 27, .
BRSNS (Victoreen 550-4) Z AW HIEN L. B — ATREITER5enll N T4% DH— M2 o2
L. BEHIEBAEDOTICHBFENT — A0 OBELETFREDIE. BEEROI%UTThHE &
BB NZR>TNDEY,

FAZTLDIX. 3. 2omPU 5 CE X 530, 38mmDSolon Technologies, Inc. BIMDLiF (TLD-100) TLDTCH
%, BEENCEFE400°C, 1BTTr=—V 7L, BREEIOH T =2 —F 4 F28T 572
. 2 AlKE L=, F0#FEF% . Harshaw/BicronB dModel 3500TLDY — & —% FVWT. B&F
10°COBETMEL . MEENIBN I XU RE2RIE L, 2B, MBI+ X CERTAFEH
KPP TIT o7,

F7uy, TNVI=UA . EORMRELZHET 272012, TLDE Zh bW ETILE
F, MERRUCE P & [H UM 23E L TLDO BRI CREMIB O NS LI L, &0 KRN
1X80. 72keV® T, ZDFHITITMENE LBEA Y M OEEBEZITH Z ENTRENR
W, ITF L TII80keVD TRV —II AWV D oo, MMOETIX, WINIHIZ30keVEL F 72 DGR
B, HRIFELBREFHOBERIINLS MDY . BEREIT, BEEANZFALEICCERERS
(Victoreen 550-4) & IWWTE=#— L, 0. 0IGyRRERK L,

£ 21 AWVEXBIANEZ—¢EEEPIRILT—

kVp Basic filter (mm) Effective energy
kV) Al Cu Sn Pb (keV)

40 1.3 32.1

60 1.0 48. 8

100 3.51 80.0

200 3.03 0.52 160

250 1. 01 1. 99 200

.*12_



Relative photon fluence

200
Photon energy (keV)

B 22 BRAXFAXRI R

222 BREIRTEE
2221 ITSO—FRIZLBITRILF—ER - RETHE

MERIEE P LB CRMEL2E 57D, TLDOREICEBEEF LR LEF I V— X% H
2550, BOEIERDDILENRDD, BEEBONLHEMTHICoNT, #ALPLHHTS 52K
BT OHE 2T RXVX—IBNT 20, brESTRMTD, 2V, ZZCEEEICELLZE
WL, TOEIZUECANDZ LIZ L, BEFHELTRXVF—DFFEIZE, ITSa— R
o =0t 1 RIEEAR ) = — RTIGER, TIGERPR AIVVTH., TR AX—%BB. IR
Bz, 22T, RFIERT D8, = xX—FE, REHREE X, 5728 1 AN LZRICE
B, KA LT 2B F0OBEED 2 WVIIT AN —FHEONTF I —IzT Bk 2 Eh
EFE LTS,

ITS (Version 3.0) =2— RiX, Y FLEFOBMEL1keVE TV I a2 b— FTEDZEVT I
AEa—FThD, 1 ROEZERTEREFROTIGER, 3 WIeMAAFR DCYLTRAN, combinatory
geometry'” MACCEPT =— R BRI &N D, ITSz2— KX, Berger &SeltzeriZ Lo TRk &z
ETRAN'® 2 L2 LTW AT, KEX X DB, HTRRiclI 22 0B ER SN

_13_



TWb, T7bb, ¥FEXicBVTid, XBHRY, BTREDRELBR Lo 7 b #EL
0 LA Y—EEY . TLTBFNERDHESND, 7o, HIEBHSHR. TIGER=— FTIXK
BEAEIEX B, TIGERP=— RCIEI L, MEAESMEXE, Z L TCA—V=BFNYIalb—b&Sh
%, BEFHETI. FHERBEHEOT-D., Bx0BEEZHE > O Cii7r <. Gaudsnitt—Saunderson
DL ERMELER? 2N T OO ELE F & O THE T % condensed historyiHifizY A3
LT3, FERIL. EoXAVE—EFRECENT, JV/NERITRRESICEA TR, i
ﬁbf*ﬁﬂﬁﬁzﬁi‘fxb\fﬁ'f*Moliére@E%‘ﬁ*uz‘“ FVERTWEY , =X VX —IbHEL, BFEZEEIE 5%
PRVWCHESN, BFOXNVE—BKIE, FVFURHRD oI TENB, Iy b
FT7 TRV TR STEFOTRUX—HEIL, TOBTIERIZB > T—EDEISTT
INK—"R) LIHELTHESINS, 302, AICEECTEMA Yy Va2l o THLETF
DRAT o FWEHEB LWLl FhE8RTWS, REDa— FIZES4® 3hY ., ELHICY
BLREBN, ZZTHHK, L-XBBLVENUTOZRAN X —DBETFIHEE HET 5 MLE)
HY, LbE) LEBEDRVE—BEFORENEERTZD, TORTENLZIDITSO % v
7o

Fa—RCHELZT 7y, TAI=U A . BT 53V B RREE . £
TRVF—IIHIET HEFDOCSDA (EMFEREIAL) REBTHBLEZBEES L L b, K 2.312
R, T 7 OFRBITEFREDTIORULOE S TRINT 5, 2%V, BFREOCTO%LL ED
BEESTHHRIETRD, THI=UA #l, €I LTIE. ZOEIEIREBOZTNEN50%,
40%, 0% THDB I EBRENTVD, EP=RXNX—, T2bLTRXNVE—FBERE L2 EED
BECEI ST ELZFDOESUET—ETHE b, A7 ML EDLRWZ ENHEEESL
Too FREDFET, BIFDEDEI LR, ZOEIEPHF ORI LRALETSLETH B Z LS
brolz, '

BOBRIPEL RIERZI1ELE, BEEFIIEEL. ToRDVIZHEL, BT, HIEhkd
BBZEINT B, Ty, FOESIE, EFHEINV—T U XE2#RE LD, R H#IR5
EOWELE, & 2.212, B4 DBRIFETRINVX -2 LTRE LEBE S 2RY, TLDAEHEOE
EERRUCTH D, 2keVXBRUIHNT DEDEITEFREDIO% T, LERIOWES LD LHE
W,

® 22 AV-EORS

Energy Thickness (mm)

(keV) Teflon Al Cu Au

200 0.2 0.1 0. 05 0.01
160 0.13 0.1 0.03 0.01
80 0.05 0.1 0.005 0.001
49 0.05 0.1 0.005 0.001
32 0.01 0.002 0.00025
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2222 RFEE. BHELOZEFM

%2am\%ﬁ@ﬁg_kﬁéﬁ%@ﬁﬂamﬁ%k%%®$Mﬂﬁ%ﬁ¢ ¥ H HITRO
1% 5 &5, 1T 1 %R IEREIC Sdr“ﬂ”é ElZOWVWTIE, BFRED30% R S 1% IR X
Dj:éw\@f EF TR BA-DINE. bABREORTFOHENTRAETH S, BENXTFD
T, BRSO 2 AW CEHER l,\ & D 160keVT3%, 200keVT2%. $RAD32keVT2%. Ll
OWTIII% U T OEEZ /T, BIERNXETFAXZ MEBELTH, ZDOAXT MO b o & HiIK
TEANLF—DHTFDEEIIEWBETH Y, BRAI MOEFT RNV —ZOTMEREE
E22RBRETHoT,

% 2.3 RTFFHBEMHITELEFCSDARIER

Energy Teflon Al Cu Au
(keV) mfp R mfp R mfp R mfp R

200 8.41E+0* 5.40FE-2 8.18E+0 5.80E-2 6.42E+0 6.81E-2 1.09E+0 9. 00E-2
150 7.63E+0 3.39E-2 7.26E+0 3.66E-2 4.52E+0 4.31E-2 5.38E-1 5.78E-2
80 6.13E+0 1.18E-2 4.97E+0 1.28E-2 1.32E+0 1.54E-2 4.58E-1 2.12E-2
50 4.71E+0 5.24E-3 2.74E+0 b.74E-3 3.85E-1 6.95E-3 1.38E-1 9.89E-3
30 2.51E+0 2.14E-3 8.97E-1 2.37E-3 9.23E-2 2.91E-3 3.63E-2 4.32E-3

*Read as 8.41x10° (unit: g/cm?)

K-XAIZHOWTiL, TLDREIZRIETHRRKEEEZROKUTIVEHE L,
PxYr(1— exp(—pe, tm))(DLiF, K )iso
Drir

PlIKFRCTHBEDRENDRZDEIE, YT E, o d3BP OB R ORISR, t 1378
EE, D38 CiIEENZLIFOBREIEME. DOur et B 2 KE L TITSTHE L7z K3k
TEAX—-ONFIZLHLIFRELFRT, HEDOKER, £0D200keVT0.8%, 150keVT2%, $HD
50, 30keVTT% Tholz, MHET, EENLDOL-XBROBEBLHE Lz 2 A, 50keVT4%,
30keV'C3% TH o7z,

BFOMHT IV Db, BIHEFHFLET S iﬂcﬁﬁ@bﬁﬁz%ﬁ@x%wﬂé»—c:%#ﬁ&éhé%ﬂ
AL LTERSN TV D EIZBSHRNENH D P, SlIEBSROEEIL. ZOBEBRNEEZ AV
CEM L7z, ICRUReport 37?9 (2% % &, &DH TD200keVE T ﬂ#éﬁ&%ﬁﬂyg TIZAD2%
ThHY., SEORFREFHEIZLY, XFPOETIEBRINDI RN =P H N THD I L &
EZx T, HIEEHER S LT ESNA TR ALX—132ED0. 2% UTFTThreEZLLND, B
HIEFIZHONTIL, ZOTRAX=PRBAT RNV - ST EAERLTHD Z &b, ZDTLD
BE~DREIEE LT,

T, ERTRbLTDBEHICL > TEE N, XTFREB & B EREZIT D, LarL,

(2.13)
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NeFDFHH BITE L B U CERIIETIT/NENVDT, %%%E@J@?@E%#@iﬁ EAE1LE
EZxbh5, BCERIE. ARETFEREFITERR L, ROKUZ Lo TRHE L7,
1-exp(~p,t7p)
Halrp
1 JITLDD Y FHRRI SRS, tronid, TLDDE I TH B, FHEDIER. & OfEHIL30keVTO. 98, 40keV
UETLOTHoT, i, BFXY MVOBEUIEE TE 2030 | BREROMEREICE
FhaERE L,

Ik, AV OERPCRE LZBETHILICER LWERBEDOE S Z/HT-RIThITR L2,
Lz, BIZBLTL. ZTOEENBIREBIV T o L/hEWDT, AREMEE LTEL DN,
ZI2C, BENPDLDEFNEBIZEZXDBELTIGERPICE - THELZ L 25, BFREDI0%
VBN EZAIZIR, BEAFEZ LR D)o,

F7z, EELTLDMDOBRIL, BErOLOBTEHEIE, TLDOREZW b EE> D, L
L, BRIZAEL > TEOEEZ0.5mEKE LTS, 30keVETFDEKTORETEH 216. 6mn
LFVFoL/hENDT, BEBRITRTCOTRVX—CEHRTEDE L,

TLDR O EDSFANRE —7E LT3 L, HAEDTLDH TOHELZR LRTIRLRW, £
EAWERTIFERIREL p 1%, HESTLDRMICEEICHHR ENBELZBZ &R W ERFE L.
Lambert-Beer ™ {:H

(2.14)

I:]()l_eXP(_,UtTLD)
/JtTLD

WWESOWTHIEENTWSE®, 22T, I, Lit. ThEZER., BEREE KT, MEDOKR.
n=0.24mn ' DFERPBOLNTEY, 0.38miEENLELI%IIEBET D Lichsd, BRD
TrFHNaFHE T, TLDREE NHORENRLERDIEHE OGS, TOHIT3:2T, 2055
FRANTERIOBREITZD65% % HH B2 ERNboTWV5, LEXR-T, BRIZEHEDL > THEN
WEOEEIII% THD, UL, XEOBIEIIE X0, dmmDOTLDTIThiv, 1/162%0. 9 LA < |
MELEZNIT L OEITKRELSEBHLD B, T, BH LETLDO BIZRBHOTLDZ K 1ER
THELTVEHHH 52, BREERECORLER. KEEZEL VLAY, $h, EB
WIEOEII T R TET TRV T, RFLEEEZINHEHRORBECL OELEDb-TL %, £
ZC. HEDOTLDFICBIT B EENEAMEICE 2 5 BT, 2 THLE%BE LR L., AEM
BEIZMHIEIf TR 2T,

(2.15)

223 TLDKE
LiFD#IL I R 2 AL, B X Z56yLL T CRILIFNDORIVREIZWEFIT B, 20, 0
BER T, BRIVBRED i BULI R B ANEROOND Z LIZRSE, T2 T, FAHEHEER
BERZNOD Coy BEANWT, REEIToTz, BFFEREZROZO, TLDEZ3mEX DT 7
DUETHSARE L, BEREIL, EBERL AV T4 A%DBEETHAEINLTWS, 22T,
TLDIX7T 7 a PO ENDEFORELYZ T 20T, BHRELTLDF ORI E R
STHT LI TERY, Thbb, TLDRORIIRED 00 (P COHIRDRIZ L - THE LD,
Dy = fTLD,TefDTef (2. 16)
frio, wd IR(2. 2) D, ZEFAMTLD, WEHBT 70 OHEDIOETH B, ZERRINRED.% BH &
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NEEBEOT 7o RORIBREEDrIL., " RKERZERIZHT5EHGERAWVT, ROXIIZET S,
(., 1 P) Tef D,
(Hen ! P) air

fro 1 OEIE. /NSRRI T AEBRICESWTHESNRS, 29 LT, HEDKR, KIE
FEH L LT0.866nC/Gyx BTz, TOEHKEZANVT, REFREEFIZLVENLI R RENLE
BENT-EBRELZ. TLDRORIREIZER LT,

DTLD = fTLD,Tef 2.17)

224 f{EBEHER

R RV —FEIRIZBWNTH, BARIREYS Y OTLEEN Coy BIZL ZRERLRALT
HDILEHERT DD, EKPITBVTSE0, 160, 200keVIETFIT R B TLDIR ISR & % HIE Lz,
10keVAh>H40keVETIX, V7 v ha Y E AW TT TIZIThiL, 6% ANT—KT B &
FREBLTNVEY, R R VX —EETYH, Burlin®ZE{AERZZEH L CEZEMNBRIVREY 7~
Y DOTLEEYENL. *°Coy BRIRANEE L 5% N T—T 2 2 L #RER LT,

f OfEIX, DrinZ, MET RV —IIEET RNV —RIUREO 2 H U D. TR L THEZ,
BIR AT MV, FERICBW TR, Yo AREBICL>THIEERLTBY Y, 0
EERAWTEET RNV —RINREZEH L, DuROZ, BRE2E 2 4TRT, BEL B
HENTFBEEOTLDDOEERZETHD, T70rTRBLF1THEN, TVI=TA, R, &
CIRFHFFNERTHIEE, FEXFRAT—NEDTHIEE, { OfFIINEL otz

2.3 RER{E & ZoRERRE O LS

B R —FEIRICRIT A EREROBAMER 570, REHZEAVCEO) DEEZHEL
o TOBWAIZH > TIL. B, TROLMERBIZB T 2HEEBHOEEHRE., F0LHIZF
BI0BEETH D, BORBIZOVTIHW ONDBENRLRENTVENR® . Z 2Tl

exp(- B R)=0.01 (2.18)

ZBRALEY®, 22T, RICSDABETFRIETH Y, XFTRIAX—LE LW XAV —%2 08
FORBERNT B OEERDE, To. Q. 1DIZOVTIE. d. 4 OFEHFESEES LT
2ooT, £9, X230 OHEICAWEZ, RQ.TDOBEBTITREE gid., 4V/SoXE AN
TRDIZ, ZZCLV, Sid. ERENTLDERE, REHEERL, HHEOBER. gDfEL LT0.614mn
E, . EEOHEIZBOWT, K@ DITRLEZLOBERILEDOHEIZKLER Y v bt
TEOERRFEIIRETH B, & AT, ICRU Report 37 |2 LB &, EBFMHIEEDOD v M F
THE~DEFEEIEWBUT TH D, £2C, ZREBBOHBEIZIIIEREMR LET b LEE AW
b b 2EZEEIEEEE AV iz,

EREY. F 2 4TYT, ZBIRERMEIL. T 7o D49%keVTERITL VY 14% BRI 2TV S
B, TAI=T A AL EDTEOMIZIONUANT—FH Lz, —F. &L, 38%0>5H48% & HIE
fEE VDRV REVEIZRD ZEBHLNIZR T,
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% 24 f@ﬂﬁﬁJﬂhﬂﬁEﬁ&mmﬁﬁﬁ

Effective fexp fB firs*
Medium energy broad mono
(keV) (o0%) energy energy
Teflon 49 0. 808(8.5) 0.920 0. 944 0. 985
80 1.03(7.9) 0.947 0.976 1. 02
160 0.955(2.0) 0. 962 0. 982 0.979
200 1. 00 (4. 6) 0. 964 0. 945 0.971
Al 32 0.226 (7. 4) 0. 209 0.219 0. 220
49 0. 239(18) 0. 252 0. 242 0. 262
80 0.464 (4. 6) 0. 444 0. 420 0. 487
160 0. 845(0. 62) 0. 836 0. 861 0. 862
200 0. 908(8. 6) 0.917 0. 880 0.927
Cu 32 0. 0244 (6. 2) 0.0230 0.0247 0.0238
49 0. 0295 (2. 6) 0.0297 0.0334 0.0345
80 0. 0689 (13) 0.0626 0.0638 0.0678
160 0. 306 (5. 4) 0. 275 0. 298 0. 333
200 0.524(14.7) 0. 489 0. 462 0.524
Au 32 0.0104(16) - 0.01056 0.0111
49 0.0151(5.7) 0.0208 0.0161 0.0162
160 0.0743(2.2) 0.105 0.0611 0.0711
200 0.115(2.1)  0.170  0.103  0.110

¥R 220D JRAT MV E BT X VFX —BHRIZ OV CRHR
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24 EUTHILDOEEHE
241 f{HFE

S OBAIT, ZERBERE & WEER B Lo BREZ RSB ), EHRAHEDEFRYES
TARDHZ LI LTz, RS, WEBABEFIZL-TEZONIBELFIT. T IR~ LS
WNERHIC KR ELSBIRLTWAENDLTH D, ZOHMDDIZIE., EREEORKMTR L OE
TS Ea— RE LTOYRMPOEY TR a— RBE LTS, #2TC, 2.2.2. 118
MULKITSa— FE AW THRRD Z &Iz Lz, fmrbdse, Er7lireHEIRLD, K
(2.18) D B DIEIIFEN D DEFORBEFRI L K& Bied, ©F V| MEFREI OESERICE
HENTOHWRWIZ EXRALNCRol, ZOFEMICOWTHAT 2RI, £9°, Fla— RoXE
RIZTHHERELTARD DT o2 L HEOHBEIZOWTHAT B, HEIZ, =R VX —X
R MNEBRLIETE—A %, EICIXEENLIFTLDO 1 KEFARICEBIZASF SR TIT-
7oo DaDfEIE, EBREF UL, BF TRV IEBT RN —RIVEE A T U OB TR E
BARY MVTEEH LUTHREZ, Bbive { OfFEx, £ 2. 477, RFEOMEERZER. +C
1~3%Thd, 770, TIHIZULADETIHE., 1TEAES%LUNTERE L FEMS L
72o LU, TS =7 AD80keVTI%, FAD49, 200keVT13, 12%., &ITOUVNTIX160keVT18% .
200keVT10% DEAE A dH o7,

242 HERLITSHEICHITS fHOZROFE

LiFTLDE FRIZRB W T, 16%ITEBAEBIZIEL & NH B Z L BRRBRAIC D> TWA DT,
EBREITSHEW LA MEOEIBECHHENL B A b5, i, EMo RNV —2EH—AKT
FNE—L LTIOEZFHELEEZA, £ 24TTT LI, T3 =7 AD80keV, #0160,
200keV, 4xD160keVIZERWT, 12% 0B 16%ITE & S XTI EOBFE RV M2 Z B L3 EE
LEEAEL, DE0, LRDOITSa— FEERADZERIT, BEXX M OFEMBEZEIZLD
AREMED DD, K DITREND LI, (EHELIFRECEEREIINT L THS, LiFR
BIILIFES CRALEEFLREPCRE LEEFICLIBRENDR D, LIFPTHALE
WL DRER, BRI R RIUREE AV THETE, B—o XX — L2
NTIEEALERUChoT, I, LIFORUEEP T RN X —IZFNIZERELRVNRL T
b5, ., WEHEBFCLIBRED, BHENPSOBEFIN—T L R Lo TRESNLS, LavL,
TR, KHBTOET RN IB—Z XNV X— LAY MVORBTIZE A ERUARDT,
BICEAZ LD ENWEEZ DD, BRERL, TIDOEIIRREFRELY K&, BE
DHDEFIITRCIDFREBINEND EEXZLNEINLTHD, HBIZ. HEHRBIIEETX
NE—RINREE AWTHEEN S, UL, 8RS MUY B, B—x XX —|2
RTBHMHEE, M. BIZBOTIE% EREL Bizotz, Zhid, BREFESHEDEET RV X—
WIARHIL, TN REKFT D720, WIRETEH I N TR X — & BilB
PHEBONTEE NIV —DENRKEL Rl THD, DFED, ITSIZLAB—T R L¥
— &R LD fEOEWL, RIS EEREO T FIRCERT S EE X BN B,
FERIZ, JE EITSEIRE OERIT, THMEENTZRIRA Y MV OBEILH B LEZ DR, T
WEETICLATIDREICER L EX - BN A,
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243 MERBOHE

Y BRIC L AEAMEERER LIZITS2— FEHWT, 2. 3802 REmFEE & ERMES Rz -
FEEREZ R0, ETNEREOEZF=— Fe AV CHE L. ZRERIC L 5H & hikd
BIEIZ L, ZDRBIE, d. d ZIISTHETE 3R THRRLATIR bRV, 22T,
FFR(Q2. 2 DOD. &, WHREETFIZL BT RAX—UHED.. L ZERAREBEFIZL BT R F —
LD D E LT,

Dm [+ DC 4
=l (2. 19)
J Dm Dm
ZhER(2.11) L BT B &
- D
g = me (2. 20)
stm
— D
d = Gad (2.2
fiD,

BEHNB, (220 OAENE, ZERPICEE D & R UETEEER 5 5 5Ha D22 O ILE
BERT, 2V, 4. ERCBENLOBTFICL - T2 S X bR B BED, 25N /NE
WIBAIZRTRINS N MBI B S LY, S, 4 EEBRICERELEDETIC L
STHEHAMCE X ONBHBED, EHRARKEVHEILERTRN SN BBOLIZRS, & DDa.
LD AT T AN aa— RITSEAVTHET B2 LIk Y, BT, d. & DEEZE5
ZERTEB, TOMEE, F 2 40ZRERMEOHEICANEL, 1-d DEE L bz, # 2.5
WoRd, 13 AEDEMN, ITSE ZBREGHOMTRE< BRrotz,

% 2.5 MEFRMOBurlinEHi{E & ITSHEE

Energy Medium Burlin ITS
(keV) d 1-d d d
32 Cu 0.00294 0.9971 0.0021 1.00
49 Teflon 0.00722  0.9928 0.01 1. 00
Al 0.00722  0.9928 0.01 1. 00
Au 0.00722  0.9928 0.0046 1.00
80 Al 0.0163 0. 9837 0.034 1. 00
Cu 0.0163 0. 9837 0.018 1. 00
200 Teflon 0. 0745 0. 9255 0.034 0. 983
Al 0.0745 0. 9255 0. 039 0.983
Cu 0.0745 0. 9255 0.074 0.983
Au 0.0745 0. 9255 0. 038 0.983
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244 BFIIL—IUABER¥OHE

ITS & ZeiRFA DOMICB W CMEREN R & K R o REX, K2 18) oEMHE, T72bb
CSDATRIZIZB T HINBEE 2L g =4V/SERE L &, DD WITEFEBR L IHREEE TIRL
Lz bickseEZBNB, *°Coy BIZxt LTIL, HorowitzSLiF& TV =7 A $hDER
HEDBFIN—T o RABETAINVOBEHRE - FEAWTHTIL, EF 7 V—x2 2 20Y
N BT PRBIIERERE L BB 2 L. DI, WEO BEITEEDEYRFESFIIRE K
FTHZERHALNILTVWEY , HBERLOMII B EDORIR THA DT, 7., ZDELD
UM HENDD LI L, BB, BERBEICH LTI, TIGER— RHDZWEZDFY U
NTHDITRAND — R¥® 2 X B3 EME & BREN RS, LO—EBZ/{Oh a0 2
Z T, 30~200keV, 400~1250keVIETREHZX LT, TAI=U A, i, @D OEEEFIZL
0. 38mmE STLDF OB EDHEITSE AWCTHE Lz, #E%E. K 2.4(@)~ () IZrd, HEHFA
EF20%BU T TH D, TIAI =T MOV TIIREDI0BIBMET 5L TEOEEKIT—ETHD
2. #. &OMEEIT, 200, 100keVHEFIIR LT, E L EBICET DI Lo Te, Fio,
WEOEE IFEEICRE KFEL, T3 =7 LD600keVEL T, 100600, 400keV, 4:0>200keV
UTRALNA L IR INMNOREIBREMEREBRERER L, ZHUL, HE =207
FUROBBEIENBARNKEF TR —, WEICBIIKFT 0, HEPERAETLETF
DIZRNNF =T MV AESHLTRIANX— HEICIVELIERTZZHTHY, K
INF—ZBWTIL, BRI E X B ORER/DDIIRETH D Z L BRI S L1,

245 fHEOMERBBEEICHT HEE

TAI=Th, BT, MERBOENKES AR oTICGBLLT, { OfFEF-H LT
BHEPERLED, d DEERENIZY f OEIEEETZNFAB L2 Lz, $9°. Burlin
DZeRFRMIZESL f2fs & L, BO {39 5%E &5,

fs _daft(-dn)fi

(2.22)
J f
::@f:@+ﬁ¢%\
iizliéﬂ%?f—thji&- (2. 23)
f d' d d' f
LEBEND, bz, F 2LANLBELNB LI, BT RAXF—ER TCILl-dg=d' THD D
VC“\
Is . +[‘_’_£_ )5‘2& (2. 24)
f d f

LB, df, ][, WEMICE, TLDADEBNTRXLF—-05 L, HEETFICL-oTEXbR
DEAERT, RQ2W LV, Z0df, /[ IKXNE, [ OERds /d OWEDEEE R Z1T
5T ENbhot, £0df, | f OEEFRLLOMR, B 2.5TH 5B, T/AI=U KON TIAS
INEL, deRdD2fEH-TH, [e& { DEFTIOBLUTICRY, TOREER, EBRMEE L HHR
TR ERbolz, $AOdS, 1 f1X, TVI=ZULDELY REWD, dp & d DEDI25~50%
UFTHILUE. ok f OETI0BUTIHS 2605, FHICHR LT, &0df/ fiX, 50keV
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llllllll

10~2

Deposited energy (MeV cm?/g)
=
I

T

Al/LiF

® 1250 keV
4 800 keV
® 600 keV
+ 400 keV

© 200 keV
& 100 keV

< 60 keV

1 Illlll'

Illlllll

1

-4
10745

Depth in LiF (cm)

0.038

B 24(a) FILZZOLBEMOD2REFICLAIRILY—EHE, BN (2.18)

& VTR L= blise
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Cu/LiF ® 1250keV © 200 keV
A 800keV & 100 keV

B 600keV  © 60keV
+ 400 keV x 30 keV

[
<
—

[
<
(\®]

Deposited energy (MeV cm?/g)
(-
=
|

T

(b)

llll]lll

a1l

0~ ——"""0019
Depth in LiF (cm)

X2.4(b) SRENOD2REFICLDTRILY—ILIE

_2/1_.
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I T T I 1 1 T T
¢ Aw/LiF ¢ 1250kev  ©200kev O
CONRT 2 800 keV s 100 keV
o> 10778 E
8 R = 600 keV ¢ 50 keV ]
o \ + 400 keV x 30 keV i
% %&s‘ ,8 B i
S - 1250 800 -
) .:- 'AA o) = hd [ ]
> 10728 3 I s
oh iy 2\ o . B
8 : a 'OCO ’8400 + "o — ]
q o & fo) + T u ]
B -xg 2 OOo ) L
-8 EX - ]
2 s % B
= 3| x® 600
& 107°F | 2 B 200 E
% %6 -
- i . I
" Bso B 100 )
10——4 1 ] 1 1 I ] 1 1 1
0 0.019 0.038
Depth in LiF (cm)
[2.4(c) FEDOLD2REFICLDIRILF—ILHE
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PECREZ0.6LKEL, ok f OEXI0BUTIZME XD 72DITIL, dp & d DENRT T
T%UTFTTHLLENRDH Y, TOKR, ZMERHEME L BREVPKE I HTBERZZ LWL
Ny ‘

0.5\ 4 -

dfg/t

0 T
0 0.05 0.1

Photon energy (MeV)

B 25 7ZIAI=HA, . £IcdT 54 /1 5HEE

_26__



25 fEOH-UHER
251 KOEH

WEE R ERTESHPRIVBEOHA. f ORIINERE D OREIZAX < #% L Burlin
DR T f DIEEBE LSRNV Z L3 bd o7z, BurlinDEEIL, BTBEOEIHEHK
TR 2 MEREIZH LTIRELTWSD, L Z2A0, K 2.4()~(QIZFAT X o2, ZOREITN
L OMPDITRNVF IR UTERY TR, $2, L2 Z0EEPELLTH, AEMicE LB
DIEX BN FEY BNTES Z LIIRETH D, EbIT, d=1-d DBERIT, #F 2.505%F
IS TLLMEEIND LIRS, ZHRFOETOTREE g DIEMRTEHEE LV, i
Fi. BEECEREFIVARVES. d. 4 OEERDBICIE, K (2.20), (2.20)®D, & D, DEE
FZITFRVX—, ZBRKEZZOWVWT, ITSOX S BREEHE o — FEAWTEHRE LRZTHIER D
N LB,

T, ROBRIZER LTz, 2F 0, B RFAF-HFICHLTL B 2.42HD X1,
200keVEL T Cl. BEBREE L LTEAMIZHVWONTWALIFILDDE S 2 E 5 DEFILE
BFBZENTERY, Z0HESEFAVIIT. Do LD DEEBERFETRDZZENTE D,
ThRbb, BEEEDETFIL. BRIV OTZAART S ETRTERPCRINEINDE EIKET 5,
Duodd, BWEPLEEREZEY ERICAFTIETFRNVX —EOEIGILMIZELIRD, =X
NE—FR, KEHREOT -2 2RV TEOEEHE T2 LR b, ZOREOELMIL,
EFOLRNVX—RREERWCHET S Z LN TES, & 2.6/, ITS2—RIZLVETFD
TRAX—FIEHEAHE LD TH D, LIFICKHT AT, BEARTO.03, a9 A ASH

* 26 BFOEE. AU A UAHIIHT BITSO T R F—REHEHE

Medium Energy normal cos 0
(keV) incidence

LiF 30 0. 0343 0.129

50 0.0298 0. 135

80 0.0294 0.131

200 0. 0229 0.115

Cu 30 0. 194 0.317

50 0. 190 0. 325

80 0.199 0. 335

200 0.174 0. 306

Au 50 0. 381 0. 470

200 0. 383 0. 493




TO. 131 ETH D, 2FEV., LIFKAH L 2IRETIEIRKRI0BIEERFINE R, HOBE
D30%. EDEFAEDH0%IT L N E LIZLIFICKF EN D DT, R, T%REOIIERE CENM DA
HI5BFT_XTBRREND ERETEDZ &I D, o, Dodd, TRV —ILEE
TRAX—REREER L ONE, BTFOENV RT v 75 %%Lawtﬁ_ﬁum ZELW
tEZBND, UL, RFOENRT 5. F 2.40d OEMIZIEALE 1 THDZ Enb,
200keVEL F CIIBIRCE B ¢ E X BB, FH. Du & D DHEIL, THENKROKIZ L - THE
T& 5D,
E (N, + Mr )
(P) ir
Dec=E,(ten! p), . (2. 26)
Neme N et TR F—FR, AR, (tp)o i = ILIFRFOEEEERT, ITS=2— FZHWV
THE LI FARREOZ RV X —FR, AR E & 2. 74K 2. 812737, ZOEE (2. 25),
(2.26) IZARA L TDumey Do ZF#HEL,  DliEH, TOMEEL, £ 29077, B—T XX
—ZFAWTEHBE UL, ITSHEM L6 %NDBRET—H LE, BR. ITS=2— Riz X 5f0E
B, 2.4 VACEOZUMEZHR L TWEDT, KEEORYM MR L2 LITh 5,

Dm,e = (2 25)

252 HOHFAFEH

AFFiENE, 200keVEL LD T XX —1ZB W TH, WEHEABTHTLDZER LARWRY IEHAT
&5, 0.38mmfE & OLIFTLDIZ DWW TiE, 2O 2. 45RT L 512, TAI =0 A, FICH
L C600keVE T, &4 L Tid400keVE TR SN D, EDORFMEICE T 2 FZREFDERX
N —FEFHAE L THD E300keVTH Y | %@I%wﬁwcﬂmﬁéummem%%m3%m?
b5, TOEEI., AWZLIFOE X0 38miZiFIEFE LY, 2D X512, EHTRAX— 3L
&@@ﬁe@%ﬁTh%kﬁéo§ZJohlme%ﬂ%%wwt%uﬂbfﬁ%Lt EHhr
AN —ERT, REBTOENTRAVX—IIFGRETOEDNTRINX— LD EI/NEWDT,
I TIISER, ZOEPHTRLEX— LCSDATREE AW CGEARELZE L O-0oR, K 2.6T
Hb, HEIXTFEINX—ZHATEIR/NESE, THOIKOHBRER LD, B, &
HEXZH LTI, FRIGEAT RV —DERERLTWD Z LIz 5,

LY ANV —DORWERIZB N T, D..DEEZHET 20T, EVRT vy 7OREES
BLATHIT b2, £ 2112, ITSOD. StEEL . B FTEAX I ERET ZAF—KIY
R E R CIEETRT, MEOERIILNV RT v 7FHEHRORE L ET FEREOREBOZEIIIG
L. 300keVTD...>10%, 400keVT20% CTH5D, T DFERIL, TLDOBRNZH LLiIFAH B LIREL
7% %ﬂmw¢f%ébtﬁ% IV EZONBHEBEZXLNDDT, ZOMEIEILIFNLOT
X\/Va?*‘lﬁlﬂ ELWEEZOND, £ 9 LT, LIFORIERCRA LI RBEDOEFINT T
HRE %Wéné%%i B 2. 412779 K DI, 600keVEL FIZBW TRV YLD, 2F V., £D
pEiBY“C -V

E /T
Dec= E}/(ﬂenj _ y(ntr,LzF nref,LlF) (2. 27)
LiF

P (p) LiF
PRMATEXAZ LoD, 600keVEL FCIL, TLDRTERIZ 3 B & KE U7ZLiFH & D EFIITLDA T
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* 27

ITSICEK BT RNX—ERFEKE

Photon Transmission
energy
(keV) Teflon Al Cu Au
200 8. 16E-5*(1)  9.40E~5(3)  4.50E-4(1)  2.80E-3(2)
150 4,02E-5(2)* 6.728-5(2) 5.27E-4(1)  2.68E-3(2)
100 2. 31E-5(3) 7.80E-5(4)  8.00E-4(3)  2.54E-3(2)
80 2. 40E-5 (4) 1.00E-4(4)  1.00E-3(2) 2.61E-3(2)
60 2. 85E-5 (4) 1.30E-4(3)  1.25E-3(2)  3.10E-3(2)
40 4. 69E-5 (3) 2. 10E-4(3)  1.60E-3(2)  3.60E-3(2)
30 6. 89E-5(2) 3.00E-4(3)  1.85E-3(1)  3.80E-3(2)
* Read as 8.16x10°° *Statistic error in %
£ 28 ITSICKBAIRILF—REFFREE
Photon Reflection
energy _
(keV) Teflon Al Cu Au
200 2. 24E-6 (8) 7. 30E-6 (5) 1. 10E-4 (3) 1. 38E-3(3)
150 1. 90E-6 (9) 9. 84E-6 (6) 1. 67E-4 (2) 1. 69E-3(2)
100 3. 18E-6(8) 1. 55E-5 (6) 3. 20E-4 (3) 1. 65E-3(2)
80 5. 70E-6 (9) 2. T0E-5 (3) 4. 30E-4(3) 1. 59E-3(2)
60 8. 90E-6 (8) 4. 40E-5 (2) 5. 97E-4(3) 2. 10E-3(3)
40 1. 84E-5 (6) 8. 80E-5 (5) 8. 88E-4(2) 2. 60E-3(2)
30 2. 84E-5 (4) 1. 40E-4 (1) 1. 10E-3 (1) 2. 90E-3 (2)
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£ 29 IRLFT—EB REFRHREZAV f HEESITSHEMEOLE

Medium Monoenergy f frrs
(keV)
Al 30 0.212 0. 220
50 0.278 0. 262
80 0.477 0. 487
150 0. 871 0. 846
200 0.945 0.927
Cu 30 0. 0222 0. 0238
50 0. 0319 0. 0345
80 0. 0699 0. 0678
150 0. 299 0. 299
200 0.525 0.524
Au 30 0.0104 0.0111
50 0.0171 0.0162
150 0.0614 0. 0602
200 0.114 0.110
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£ 210 BBEBEFOEHITIRIL

—5tHEIE

Photon Effective electron energy (keV)

energy Medium

(keV) LiF Al Cu Au
1250 560 580 620 750
800 340 355 370 470
600 240 240 270 370
400 140 145 180 250
300 90 100 145 180
200 60 65 120 110
150 35 60 100 80
100 30 55 70 60

= 211 ITSEIRILF—RIVRS., SBEHEEBWED, AEE

E, ITSiz&%  D&=E,(uw/pde D=E, nuw/(tp)e D5 D=
(keV) D,. MeVem?/g) De,c
1250 6. 31E-2* 3. 07E-2 4. 38E-2 -

800 8. 59E-3 2. 14E-2 1. 49E-2 6. 50F—3
600 9. 63E-3 1. 64E-2 6. 90E—3 9. 50E-3
400 9. 07E-3 1. 09E-2 1. 81E-3 9. 09E-3
300 7. 28E-3 7. 99E-3 7. 1764 7. 27E-3
200 4. T9E-3 4. 97E-3 1. T4E-4 4. 80E-3

* Read as 6.31x10°2
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1071

1072

LiF Thickness (g/cm?

Photon energy (keV)

26 REKXOZAFIRILE—, LIFESIZHET 5EASEEHE
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WTBDOTENRT vy AIITLDRIRBWTETEY, Dedd® 2. 1HIREND Lo iz, K(2.27)
FRWCHEBETX RN, 2F0, B 2.60LiIFOMBRIE, Q. 2NEHEATEBZZOL I REK
TR —EIRLTWND,

HAEWTFTIAX—IZHATXARKNESIE, LIFFOHECRIUZ Lo THRESZDOT, BHER
IR & FICR 7 CSDATRFE 2 4 iRIZ L - THENZERIL. LIFES L EFo R —
BT AEAREIIRIET B, B 2.61%, N2 1D EZAVWTHE LZ1% HORNOEIZRT,
b L, 1%DBENERSNRWe b, ZTOBAGEHEIIS HIZEANR D, Du FHRICIIES O LRI
BELRVD, BEEMETIEEZDD . ~DFEI/NEL 2D, T LT, DaDEFNERTE DT
EINEL 2B & TLIY K& p28iR” & B2z, { OFBEILb - L BMiIcR D, $hbbh, :(2.6)
D EIIEBTRNE—RIBZEOLIZ 25, 15, ETORBRENLKELS TH, T2bHR(2.11)
DAB1 LT o ENELTH, /NEWVER OEDIE. & fiOEPNENGE, LT LD
MR TED LIRS, DX DT, RN NIV D, "REW POEEITEFRERORRE
WZHBDTIEHRL, Daucd D DEEBMBERICHD EVZ2 D, DEV., Dus/D.. T72bHI2.5
Ddf, | f BIEREDE 2D, df, | f OER, 200keVAFOT 70y TAI=TADEDIZ
FAyNENE L ZERITTRE W LHIBTTCE D, D TRITHIE, ZEXT —RORESTLRY,
INEWZER DR EIEIIBRE TE RV LT B,

26 #&b

BurlinDZEIFHERFRIZIWVT, T I = U A, SATH., BHEBAEET OTLREICRITTEEN
INEWED, MEREOBEICIOBEIXDE VERFELRVD, £ T, Z0RERRENVZD,
IMEREOBENEETHDLZEEHLNI L, T2 T, XFICHTFB. REREE AW
T. { DEZ BRIV —FERIIBVWTEELLSHET I FEERE L, ZOFEEZEATH
i, 6% LINTEYTHIAOEHEa— REFEIL f OEE2ELND Z L 2R L, /-, TLDES
BIONFRxAX— BT 2RAXNOBRHEHE ZEDH TRV X —2 BB L TR L,
JEAE LT, RS T B A D D WVISETEM B P ORI R VX —HE~DEA %
IX U, SPring-872 &% SHMAMMYED LY TX VX —DEmW XML LT, & bIZIIRTFFF
D EEMROY <~ RRAPEIPICLEATE D LEXDND,
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BIE Ko/ FXF—HFITxd 2 T L DRE RN

31 HMEAEEE=2YITHITOMAE
3.1.1 2RRE<Ts Y OEERH
EWINT < A 7 nBBFH OAREEMERD 2K 3. LR, B — MRINE L v o — 1
*f. [HIEEDRY ., ZRLMEEMEOTFIZA-TNENDWY A NFRAEFHTH D, 2FEDOK
X IET5em X B5Ten X B X 10lemTH B, FREE LTI, =a— M OBHBNZESWTERY
B AP L B ARIRABRETcOEYR L LTKROXEAWVWTWS,

P=C(dTc/dt)+h(Tc-Te) (3.1)
ZIZTC, CIE—ARIEOBE R, NIUREE T OBGERE. TIERAEDIRETHY ., Tck
DEI/NENET D, Tl —BIZRZNTNWDHOT, LREEHT DL

Te-Te=(P/h)(I1-exp(-ht/C)) (3.2)
LB, CHBFDIZNETIE, l-exp(-ht/C)=1&E72 0 | B X LE—Qid,
Q=[Pdi=[(T,-T)a (3.3)

L72h, WOEIRH LN UDRERITI Z &Il XoTMB I ENTE S, 2F 0, Q. T HH
REIC R D & CORERERHSROEEEENT S 2 LItk VBN, BT TRAF—TH—
DT, ZOWDLHTFERNPFEOLND Z L2722 D, BRNEIZIL, JEEE2ES L, mREZED -
B, KREBRBUGEGZEH L NESWREEL L OMBREEND, ZD7n, 8. Rz vz,

FHFiL. 2TenDZERB L0 nEE DY U T AEZBo-H, HEITHO L — AR EIC
rvsEgizibdbhd, Z0E—ARIREIZBNTHEAE LRIRT RAX—8, BB %@ LT
BBEHNEELD, TOBEBEHE. b —HORNEOEFIE & MBI L 5 V2 —n
Bz LV ERIESREY AT, B EBR LT, .

WAEDTIR E LTIE, By TR E L o7, ZHUE. R LV b v TR OFBHF DO
BWRENZ &, K-XBULEOIEES4Er T hrna— RPHEIZ I VR LENSTHD, B
Bzl dl, TONTOEKIIL UBLANTHE, SROFPETZOREPKENVD, BUrER
HEBRBORTIINHEL VEN TV D, BERS & XRIZ L2 28R P ~DBIEE L REO BRI /A2
L0, HEMIZIERRICHESh, B —0BEE LRI KUTTHEDT, Z0OREIISL
< TO.01%TH 5D,

WABB Y — DR, BRI RS, HRENDEEYLE, £ L CEKNREEIL.,
WFRIBEE & |IE & DZEZ0. OLK INIZHIE L7 RN L v R/MEL T 5, R, Ny
TS50y Fid0. 15 VOL-VZHE 2 b, Ya— VMBI X ARIEIZ LY | ABERHT0. 9
i WOBH /1%0. T6%DOREE CRIECE D Z L 2R LT,

2T, EBRITHEEIZ T A MREA R T 5720, £ - AMERAEEITR o7, Si(111)
F 7213 In-Sb(220) 2 HEMLE /) 7 1 X —F & WV THEA(L L72 10keVA> & 50keV D JF % BB ST
AFRER, 2P A X0, B/ 7 A—FHEOX-YRA Y v MZXY 2. 8x9. 5~11. 0x15. 4mm®
WWELEE, BuJ EORRETRNAX—2/D0H, 30051000, EFLr—2E2RIEIZ
Af&87,

HAX, XFBAHRHLTWBHER L, ARZIEDZ ERN0 I TS50 RETRESD, BN
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3, T mEERENTAIEICL VB, KPRV F— V—AP AKX E—ARIEK
PR ZTCRERBRZ 25 VIEL, WEDBEMBEOMEE O—BENT RTEIBUNTHREN
B EERER L, Fin, SR —ARINEE AW EROBIZEEREZZIR LN o,

312 BHZELERS

B ETRE & = 7 — T 2RINT Tl . ZREOUEREHWDILERH D, £ZC, F

TPRBBREREREZMBCHERE LY, EBOWMENEZM 3.21I277, E—AFHO2KI
10ecnTH B,

Hfafbah Lidn iz, ZRRIEREIZ L THRKRO. 556y /sDISE R RO F v — AL, 414
S, EMEBERDE. BHORURY 23| SBEZ7RENDHD, T T, WEIELL, Al
WOEWIRBEH 2 AV CEREEZRE L, BERERE.IKRORIZLVERDT,

Ex=IsKh(al)™' p "'A"" (3. 4)
0=273.15 p opT"*
TAIFAFE R, KB ERE, allXB ' —AEH., ITERE. o0.430C, 1&REIBIT
DEREE. TINRE., plI&E. AITRY - ERPOLMOEZRIZRBIT B IFREERELET,
MERMLIE., —REHEAEREHMET 5720, MBEEZE{LEE, MEEIZLYRDED,
I"'=[""+constant £, * (3.5)
T ZC, IMEEBRME T, EJIEER ML RS, MELERKEOEREL. & EE2800VDOETR
DX, 10keVTO. 984, 20keVT0. 99IE & TH o 77,

BEER L BB ORNIZE X, LME5. lnradD ©— AENCFEITIZAR D L) BB ORBAK S
P L7z, T LT, 10~50keVIETF izt LClE & RBEHIE U fER., T oisiREITfE D
M. 2.8%DHEETCE=F—TERZLEHER L,

32 BEHMEATLDY—4—DBH
3.2.1 Randall & Wilkins D =
Randall & WilkinsiZ k% & IBETIZRIT BTLDOH I EEE T
I=-dn/dt=s -exp(-E/kT)n (3.6)
DR TEENDY, 22T nid b7y 7ENTOLEFE, siEERF. EREH L R —,
KIERAY < B, TITHERHEE AR T, b L, INEEE g CEBRMET D L. TiX

T=To+ Bt (3.7
LkE&haoT, KEB.6)IL
n(T)=n, exp{— %jexp(—E/kT' )dT} (3.8)
L%, oE V. K@ DX
I(T)=n,ssexp(-E / kT) exp{— —;—J‘exp(—E | kT )dT} (3.9
Lip%, TIT. REDEBSL, 0k B< &
ﬂE/(kT m”)=s exp(-E/kTm) (3.10)
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TRbLEY— 7 RETNL. MEGEE BITIRFT 5 Z &L EIND,

Fr. MU FIZLY BOBLET A ENRRESRTWS, 2F 0, HEOHMHITIR
BEICARAE L7 AS, FERURERHRITBEE & Il RT 2B TS, bLED
ThIUE, BRI, BEE L HIZEDT B, 95 LIEKFUPES o F LI D, EBE.
Gorbics BE. CaFz:Mn, LiF, CaSO.:MnlZBWT 7/ o —EHEOBEEERFEEZBELTVWAEY, 25
LI — 2B, BOBOEFEND, BVI XV XZ/EL, o —iligEes 84 51203,
IREFHRMEICENL., ERNRAEITAD YV —FBBELRD,

322 YRTFLA

TLDD & o — i % & O I S E B 2 {5 7o), HEMAD Y —FEBEFK LEY, VXT AL
K 3.3/ Lo, TLDY —F—a=y b, HEKz=y b HAHhRG2=Y FD3 DD =
v hbin, mEKka=y M, PEEBETFHRH Y to—-F—%2#EL, BRI F =
v NOIMBGEE X —EILT B, MBAINEZTLDNALIXBEA I R ABKHE, 2HEEOK T
S NVE —F RO THEFIEE (Hamamatsu R-1288) I AH L, B I X AMEIZEEI LT
WEFHEEREPRAESED, 200.0InA5H100 pnD B FIBEERLEAEM ST F = v b
W ACABVESHZ L o TE=F— ENETLDIRER, BRT V¥ AV —I12 LV 5@ DS/Nib %
BB LI IVBEICTUIMEER., S L a—F —(Yokogawa 3655E) 126 b N5, Bz
FUH AP —DEGMEIT. 0. 1% FORE CIREES TV,

3.2.3 JnEMEE

TLDOME S IE L LT, A —2ME, FAME, FRIVERIMED | L—F— a0 72 EA35 2 535,
T, T UERICAW R O TR ERME, BERMEICENTNEEITS ZLIZ LY #RE
EoENZo—hRE/IZLEFENETHI 0D, A—2MBEEREA L, 7 F
v MIBMLIZ L AEmREOLBIEZRITE-OE48152 0, BEE13m, FEE5mol v 7/
ZLTWBED, URY, Uy b 8K, WERESHRRI A TOEN I ZEIZEH
T %, TLDEY 0Z2e51%. K 3. 4(b) ®280°CLL ETHNTWD X 5 A2 IERURHEFHRE B0 2 8
L%, BIEBICIIERI AL TEBRIND, Z0RIE. K 3. 4@IZFT X2 ICHIER
LoTHER L, FEHFETsZ iy, #H, TROBAREII—FEIZENL D,
Ja—h#Rid, TLDIRRE L BUL I XV RMEIL K-> TR EN, TOWRITIBE LHRIKF
T5, TOREE2HHA L=y MZT7 44— R 2735241k, HiRANH450°CETOHFHT
BEZHET S, 0.5, 1, 2, 3, 5°C/sOMBBELFMATE DA, T OMBHEIL, TLDE 75
VF v FOREEER/MEERDB DT, BEOTLDY —F—OMBFE LV I LAEV, 2°C
JsOIREER 7 4 —NERBFREEONNy 7 750 R E L BIZK 351277, EF
ROLEET. BRCOEFBORIIEKIZZDD, TR THITL2%DRBRENTHIBE ., £
T OBEBEMERR L,

By RT AT, TLDOEE E W) DIIERIZIIAEM TS v F oy NEROBETHY ., TLD
& BB M OIRE TR ST, TOERERDANELT D0, MAFOT T F =y
NEEOREE ., BEHRESH (I 2 ¥ TRO506C) & VT, = 10°COMETHIE L, D% A
WCEVES ORIEIRE #IE Lz,
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S-2008

N2 Gas
/J_\ - ,- S - 2009
TLD Reader
Cooling Water Cooling
Unit :
Unit
—Egn?rgl—_—
T i
: : | RS-232C
—_ |
:_cg i I
12l e '
(el
LA
§L§;8 1
512, 5
<l %="
R - ——]
N ,__—[ =

N R

RS-232C / — ﬁﬁg

Digital Recorder Personal Computer

B 33 TLDYO—MERIR AT L
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91/12/12 13:18 SAMPLE:100.00 ms

0,2000V
(a)
L
0.000
T T T
0.000 4,500V
82/01/20 14:54 SAMPLE:100.00 ms
0.2000V
(b)
-
0.000
o et tratamacett
) :
0.000 4,500V

3.4 BRAADN@)HDGFELDO)LELEEDNAV I TS99 RER (NEAERE
2%Cls, B4 L4 —%%)
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4,500V
0.06000V

0.000
0.000

84/01/01 01:11 SAMPLE:20.00 ms

0.00

B 3.5 MNEGEE 2 °CIshEDREERME
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324 RTANEZ—ELREFHEE

WEFEE ORERIL, BEEL EOIEAT N, ZORE I T4 NVE —ITEKFT D,
SEDT A NVF— DN FERHRER 3.6I1RF, FRIABRT 4 NVF —(HA30) X, BRI W DHKEHE
Wb o & bRV eD, TLDEABOINBEE LR SN REROMET ZHRETHLDIC. ¥
Bl LTV B, IR 4 V% —(B-390) %, FAEZ LTEY, 400mfHaDXoih e HmREE
279, B 3. 4@IFT Iy 7 7S50 RERPBREIZD 2L Y, =27 K EH3400nm
DLiF2X368nmMDLi2B.0- :Cu® IZHZNTH D, BeOL CaSOFEFIZONTITYW, © 9 1 DDEEINR
7 4 VF—(CS-500) Z HBTEMBEDONY I T REREBDSELDICHNWS, B 3.7
WEONRY I TS5y REREEZ T,

WEFHEE OBIL, K A A TEVWHIEL P2 OTLDY — X — %2 ERT A DI EE
Thbd, AVATAIERBLTWBERT &+ F =27 XOR-1288NEFEFHEEEIL. K 3. 81277 &
HZ, TN TVDBIL I RV R ZRY ML EETR3000> 5600 R %2 b ONICBERTH 5,
F 7o, —1500VAS, HEE~DOREARMEE L LTHREIA DD, BEFOHBT., K 39257
X oiz, -1100VE CINBREIZLBITEZ L 2R L, BAIREBAHAP100uAZBZ D &
X2k, BOMBENFEATH D, . BV XTADNRy 7 7590 FiX, HA-30LB-3900 2
DT ANE—ZANTzEE, K 3.4@IIZTFTEIIC, 0.0InALL T TH B, R, MV AT A
. 76 8MiDA—F—%INR—FTBRV U THEATEL 2R L,

100 | |
. N\ ]
32 \
@ CS-500— —
§ Q\ HA-30
.E ‘\ —
w
=
— = 390 ' -
— V/B \\

\ | o

600 800 1000

Wavelength (nm)

B 36 74ILA—DIERRER
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92701707 13:23 SAMPLE:100.00 ms

0.2000V

0.000

0.000 ' 4,500V

B 3.7 FIMRT 4 ILE—(HAI)DAEKBRD/NV I TS5 FER
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Photocurrent { normalized at-1500V )

Relotive Sensitivity (%)

l l l !
10 —
0.1l —]
001 L 1 | l
-900 -1100 -1300 -1500

100

| T T
0}~ —
{ —

o1 I .
100 200 300 50 700 1000

Wavelength (nm)

K 3.8 XEFIBEEDARY MLIEXERE

Cathode Potential (V)
3.9 AEBHROMEBEIKENE
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33 MR ZRAWETLDEERTE

331 IRL¥— REGEOER

IRNAX—EEE, RN ODPDEEDL LT —INF LN TEE, 2L (DTL
JRE /SRR E (RABRE) . QTURE/K(Z 7 v FA)IRIRE. (3) TLIGE /TLDIRINARE.
(4) TLDIR ISR B/ ERRIRE 2 ETH D, (1) (21X, *°Coy BRIZ L ZMER DRI ZERER %
Buv, )1k, MATEIRREDL OTLDRIBREICEE T 5 & X [CEFERE AVva, (I,
HERVICHBEIL L > TOMEER/ D, ZBREHOBAENHERIN TR TR VE—HEERD 5
WITBE i, BEAMIZ(D Q) L QIIRBANBERDZET TH D, BEEROMELLE O HIZ
W, ZTOERZALNDIZLTRLS ZEBRHEETHY . AR TIE. ) DERE AV,
BEDIZBIT 58I X2 AREISEL D) T,

JD)=(F(D)/D)/(F(Dy/Dy (3.11)

EEFE LI, ZZC, FODIX, EKRED:,, bbb 0EBREIRCHE LB I RV X
EBMELZRT, REDNIIL. ZXHDWIITLDIRIVRES AV,

3.32 EEEH

ERIL, BTRIVX—PEFEFRFNCEHE D 7+ hr 7727 b Y —(PF) 2. 56eVH BT EFE Y
YIMBBBBERD V7 u b U BEREERAWTIT oD R L AT A Vi, BE
AT —BEBASNTWABLIACTY Th b, ZREREX 3. 1017 T, Yo7 a o Ht
B, BBV OBB TRV~ MVEREFODT, Si(111)BESNLRE2 2T 2
0 A — & % VN T10keVD> H40keVO L — T R — DX BER]Y H Lz, SfRAEIIK60eVTH B,
L L, 79y I RROFBEP LY, ZOBR—TRXVF—HT AL, TRXAX—Z LT3
DOEFAKEET, ZOBREN, WEMIZWL S 0REZFH LA TR o2, 22T,
BHZERY 7 ZANIHRE LNV VUABICLEVBELEN T RV — 2T M)V ZHp-GelR H 2R
THEL, ZORFE L RVERRBELE=F— LTz, 10keVHFIZRT BT bro—Hl%
X 3. 112789, 10keVOAhIZ30, 40keVEFRFE O — 7 BEN TS, LML, 2T/ /1
A=A T, BlIEREE 2 ERDAE LRI RMEBEN LTI T LTI LIcLY., &
TR EBOED Z EBMLNTWD, ZiUd, BITOPRIZLY 7T v IRFHBROPLA
BENEAR & @R TIIb T T. 2 OoRROAERPSEREOF BN L EFALTH
29, EHEE AFEZLVERELZ0. 3% UTIRETHST Z LN TEXDT, EERIZBIT ATLD
HNORINBRE~DFBITER C& T,

TLD~DREHREIL. REHOMZATROFATERE HEKRBHR 2BV T, =¥ — 1%,
HFE—DOREIIIEREEZRL L TR, StIoREIIBLZ10m, BOR XTI RXALF—IUhEL
RBHIIFEEREL, AR E L LT, 10keVT10mn, 30keVT6mm, 40keVTommTHolz, FD
E— ANOREDA R RO, T=F —BEEBOMIBIZEE L720. 5mmiED X Y v b &2 HoHF
VI RTFURE, BEHDWIIKEIZBEISEEZ LIZLY, E—-ANOBESFHERE L,
10ke VX BRIZH 4 DFERZ K 3. 12(a) (b)) IR, HELS NI N — 2R E SN 5 B3,
KEFENNIEEIIARE—CTHDBZENALNNI R oTr, £2C, BEFROARE—FHEII= Y
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Double Crystal

Monochromator
Be Foil Hp ~Ge
- Be roth Detector
| —
[ Vacuum Chamber
BE
| | i - Monitor
i
g
< TLD
(qV] ./
lel & VA TLD Holder
e

3.10 ZEER(KR
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@ 10
c / \._,\/\_.,,\\
> 4 (@)
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'_"'é-'- 0.5:
8
2
c 0-
-lq—)' ] | 1 | 1 i
L 4 0 4 8 12
Vertical Position (mm)
1.0 '
_ TN
| (b) ™~

i I i

Intensity (arbitrary units)
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O

|
©
|
N
I
62}
|
w
|
Y
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Horizontal Position (mm)

3.12 10keVX R E—LRDEER, KEARBENH BXREZ LIcHEK{L LT
W5
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A=A TR L, KESFMIITLDEZ EET D 2 LIk o TEDOARY— DA% EEb & ¥, BE
BWMERIY, EHEYVIIOBREBIVE 70X —FOAERBIIS U T, ZXRRIBRERIZL
T4.2x10 *Cy/sH>55.5x107'6y/sE TEAL L7z, LI L, £ 9 LIZBREROIE S0 &1, JTEOY
NHEZT, TLDORBFIMLEEL RITEBRWEEZDND,

TLDIZIE, %5 2 ETHWZLIF(TLD-100) FF & M TEREE (#k) DLi2Bi07:Cu, CaS0.:Tm,
BeOZE T X AWV, §HFFOWIR, T=—V I HikEE 3. LHIRT, 7T=—YrTRIITT,
HBRBH LT, LizBi0 :CuldiBEICEEIN., BEOBDORETOL & TiX, 22 A TI0%IEE
BENEL Y, T2 C, PIERLSNIT V7 —ZICRTF Lz, 5. BeOlI T =—TFT 4 T %
T ERBEINTEBYV®P BEORETERBECIXIRELENTHIELAL V=T 4L
RV, ROV RBE I oBEBEREE TRV oD, BRI Y FHRORBAZE LTIV,
PRETERFLAAMIT B WEIE 7 — R I AN TIRTFE LT,

%31 ETLDOKRKZSEF=—YVITHX

TLD Zott 29 Size(mm) Anealing
LiF 8. 14 3. 8X3. 8x0. 038 400°C, 1 h
Li2B40+:Cu 7.3 3¢ X0.09 on polyimid film 300°C, 15 min
Be0 7.13 1.0¢ in 1.2 ¢ X8 glass tube 450°C, 60 min
CaS0.:Tm 15 3¢ X0.09 on polyimid film 400°C, 5 min

Zoss (tissue)=7.4

% 32 TLDOBEIEWIN

Energy (keV) LiF  Li:B40-.:Cu  CaSO4:Tm

40 0.99 1.0 1. 00
30 0.98 1.0 0.98
20 0.96 1.0 0. 93
15 0.91 - 0.99 0. 84
10 0.75 0. 96 0. 60

3. 10D EBRAERTIL, AFRAETFE—AIERIZFEIT T, B—x X N¥— & B30T, TLD
NOBEIINTFRERBE AN TEESHET D LN TE D, BEXFOENLVFT v 72 ER
T, TLDNDOXFEESHEBEEMN THD L35 L, MERIIIE2EOR (2. 19 TEHEX LR
Do Z 9 LT, HubbelIOBBRBHRI DT — 22 & AV TFAN L72LiF, Liz2B407:Cu, CaSO4:Tm®
WEAEE. £ 3.2I077, #ETIL, EEETHDLIFRD0. 054 HE%M™, Li.B.0-:Cufd
0.05%Cu, CaSO4:TmH 0. 005% TuDFEEZE L T\ 5, BeOlI2BOMHERKE LTEY ., X
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Q)P EBEBERATDZENTERVOT, HEEZITo TR,

BRI 0 & TLDRNC IR £ 24ensy DEKRPFEL . £ CTONTFOREIL, 10keVT13.5%,
15keVT4. 5%, 20keVT2. 2%, 30keVT1%, 40keVT0.7% TH B,

FTRTCODF—FE, £93.2810TLDY —F 2 VW0 o—imRelEL, @y Lk, Zh
k. B2 H/ & %iﬂﬂﬁ?éﬁ?ﬁ&dtm“’(@h“ﬂ%o HET, BRI L o /A, B
B TIMBGEEE I BT B 2 LI, FORBEICREIKFET S, £, mRE—7I3EH#Y
—JDERYDERTHB 2 ENEL ., ZD7D, MEADREPCIMOREDFEEZ 1T,
BHRMENESECHRTEINLTH S,

BIEIL, E2ELFEEIZ Coy BTITV., BUL I Xt XIREE 4. 37x1072GyD>H 4. 37x107 Gy
DORRDBETH LT T% U T ORETHRIE Lz, EBRTIE. 3EULEDOTLDE Y%, ERER
B Ebh 2@ ORFBEECEBRERPIZBWTREA Uiz, $72, Li2Bi0-:Cu, CaS0.:Tn
OREY, RVA I RT7 4 VIO BEE/MET B0, & IERETREBRFIZMT TITo 72,

333 T7wiEUFIUL(LFRERR
3331 Jn—i#g

3.13(a) (b) 1L, *°Coy B & 10keVX R E ENF NN D0 OFRE TLIFTLDIZ RS L, ##2°C
TG B2 LI EVRELETo—RTH B, 0.5~5C/sDW< DD DNNEGEEE THNEL L T
b, FOBOMEIIBEWVIZS. 5% UNT—H LD T, AERTITTRVY—INE, RERE L
H 9 _C2°C/sDINBEE THIE LT,

LiFD 7 o — @RI < DD B— 7 ORI TW D, Fairchildbid, BB ETlIOY
— 7 FBELTWEY?, ElFES & MEAHE10.3C/aind B — 7 REIXZLEh, 1(62°C),
2(94°C) . 3a(112°C). 3(137°C). 4(170°C). 5(190°C) . 5a(210°C). 6(235°C). 7(260°C). 8(285°C).
9(315°C)., 10(345°C), 11(370°C) TH B, T —J I —I5ldhm5b, K 3.13(a) # B Thh
HZ LA, BRELLLICERHE—IBERLTWEETH D, ZOEENFMIZ OV T,
3.3.3. 3DBBISEDHADIETITY, T2, K 3.13(a) W) 2L T, EB-Rx VX —HF DI
VBRI — 27 OEEREFEV, ZOERIZONTEH, ROZRX VX —REOECIME1T 5,

3332 IRNLX—{E

BIE LTZLIFO TR X—IRE 2K 3. 141277, M3t/ ERRNREEZR L. 3T%Co
vyEBOETHREBIL L TWD, BRI, 7 a—iEo0e0°CHH320°CE ComEL Y L TE-,
$720 2100CELT, BETHES T Lo TkoEY -2, BRY—7EE%E, K 3. 15
AT, MERE S, NI T R, BiboTRIELEAY 7 7T FE2ESHE LTEL
Flniz, R5BEREM CHREREZIR LN R 210 T, FHELNET 2EEREL LD
R LTW D, BRI, ZERBERICESEHE L, 40keV, 100keVDT R N¥—% HOBF
DOLIFANZ B ACSDAFRFRIL., 1FAM3.65x107°, 1.78x 10 *g/cn®>TH V. TLDDOE X0. 1g/cn®
IV Fol/hE N, DFEY 100keVELFTHRESNILIEEIL, ZROEZHRTFBEENNIEN &
b&H Y, LIFTLDOZEKIZ R DB BT R —RIRE DI LV, Ledi o T, #HEHEDR
ZE1X, HubbelliZ X o TRl S L7 EH B RV X —RIRECY DfEzE, T72bb 2% IZiTE%E L
W,
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S §

Relative TL Intensity
o
ol
=

TR
100 200 300
Temperature (° C)

3.13(b) 10keVX{RITX T BLIFDMEERE 2 ClsbED &7 O—hig
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2IEREEOFEHT, 20keVEL ED XBRIZH L THEMEV6%IZ ERE VA, 15, 10keVT
ANF-IZBOWTCIEERNT—®T S, i, 7 OIREREMIX. 20keVEL ETIZAD4%
IFEEREWE, BIREE— 7 OBREEL. 10keVA>5H40ke VDB TIT% D> HAIRIZE LTV, &
BE—27DZOBRKIGEIX, ZREHICLZHEMELY 2HSEREVBuddd OF—F2® LY /h
VN, FOEWVI MBFEE T =— Y U TIZBIT 2RHFEOENMILD b0 LB, Budd
biX, I mE%, 300°COIBETT T h—MAL, T=—V 71X, E—IIZHT25HE
V-2 ORREEY BTS20, TLDEZES3CIEEDHE T CE T - D EBALTNDEINLT
»H5, :

& 3. 1612, T RXAX—IZBT AL —JIZHT2HRAY— 2 OFEETRT, ZOERIL,
*°Coy BT LR T35keVEA FCIE, RFTRXNF—DHD & & Bich T ok L, 10, 15keV
TH30% R EWHERE2E,

3333 HERE

3. 171z, *°Coy #R. 30keV, 10keVXARIZH L THIE LIZREISEEETRT, T—Fidk, 7
o— B OEEEY ., 3200CE TN T I LItk o THE, Bilid, ZRRINBELET,
DZRNVX—Y, S6yE CEHBEMEEZ R L, TR LTI, RESEIAT Dsupralinearity (B
BERME) 2R L, BEGHITRKIZR 27, TORKMEIX, 10, 30keVXHR, “°CoyBRizxt LT,
FNENHK2.0, 2.8, 4.3 X NF—NEL RBDIFEREVEEZR L,

Fr—7, BREY—7 ORBISET, TRV SE LR CEBEERCTHES LML, &
Br—smHEOLY— /EBIIT 52, K 3. 181277, HHEMIZ, BREr— 7 0BEA3HR
BLEBIZREIHEML, LBLRFIRIAX—IUNEWVEEZDOERITREN, F—2LEH
Be—7 ofBR%E%. K 3.19&3. 201077, F—JIEE., ® 3. 17T02FSOREE LY
/N& ZpsupralinearityZ R L, EOEIZ10, 30keVXHER, *°Coy BIZW LTENENML 9, 2.4,
3.9Thol, FHIZH LT, BB — 7 EEII8\ \supralinearityZ 7R L. % OFKIEIL10,
30keVX R LTHI6. 5. *°Coy FRoxt LT3 THhH o 7=,

3.34 /'I'\'7§§‘J:)"’7.L\(L128407Cu);ﬁ'liﬁ%
3341 Y oO—ihig

[ 3.21iZ, LizBs0s:CuTLDO 10keVX BRIZHT 2 2 — iR E Rd, BR2°CONNBEEE THIE
L7z, LIFER2D | ©—213200, 300CHECENEN 1 @HE0ATHD, BREERZIT, &
bICIRREIC S n— ) BB SR, KM TT=—F (V7 Lk, ¥, BRY—70
LTHCHT BHAIBRTEBIILAE L, HOTHIAF—IZH LT LIS u— o
FERIZEARIX 72 hr o T2,

3342 IFRILX—EE

B 3.221Z, LizBsi07:Cud =R AKX —REOREM & ERERICESHEMETRT, WE &
H2Coy M RAF—THBILLTWVDB, Bz XV —FROHEMIL, TLDEER DT RLF
—IRIRE DELIZE LV, LizBa0r:CufPIZE E450. 5EE% OHFHOEEIY, HETERLE,
KLY, BEEIHBEEL V8% H20%/NE NI MR LN/ o7, LizBa0r:CudDT RV
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5 R Q5 é?é{) Li,B,0,:Cu -
c ~ -
o N o) Measured _
% 0.5 Calculated —
i " _
C _
0-.| ) AT B | ) T B i
10’ 5 10° 5 10°

Photon energy (keV)

322 Li,B,0,:CudIRILF—HEE “CoyMTHREMLLTEY, HEIXREA
Iz SV TN B :
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Peak temperature (C)

1 i IIIIIII 1 1 lllllll 1 1 lllllll | i llllll‘ 100
o} 60 —
| Li,B,0,:Cu Co 7 rays
250 x 10 keV X rays -
B x © © x ° xo ><xO P 08 R PR Xe) | g\)/
- ® o 50 E
— | %
200~ *o ° o fo . \ —
X O ©° Os o & x
— B X —
< © O O
t 1 Illllll ] 1 llIIIII 1 i Illllll 1 1 lJIIlll
107" 100 10 102 10°

Absorbed dose in TLD (Gy)

3.23 Li,B,0,:Cudy 0—fiRIZH 1} % E—VIRE & FEiF
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XL, BRFTERVF L USICAN, XBRAEBZAVCHEShTEBYY, Z0
X, 30, 40keVTO0.8ThH o7z, Wallb, MARFBFZ AV TEHEME LV 3-10%/hSWEZHF T
22, TLDDF A Z1XRAe 505, HXCEMEIIAREM & IE—H L TWD, Zhid FRpT xRV
F—Htt % HOTLDIZR LCIE, BIEX Y MVOBEII/N I W=D EEZ LD,

¥z, Fe—fBRONFTRAX T DERFEEEL RS20, E— 7R & EE (FVHM) &
%Coy B, 10keVXHRIZHT B T — RN OFHA L o7z, K 3. 231 FDRRETRT, Ebbh b,
ERER I F RNV F—IEKFRE T, T —dROoBIBEEIN R o7,

3343 HRERE

X 3.241z, *°Coy #R. 10keVXBRIZHT ZRBESEUEMEEZRT. BT, TLDFORIGRE
ZFRKY, 10keVXHRIZKF LTI00GyE T, *°Coy #RiTx L TId6506y F THAMENSBE S, Th
PAECIE, supralinearity2 R&$iIZfafnl7z, 2ot & K 3. 230 —JREIIREL L b
WIREBIZRD U, 150Gy BiZ72 3 & 2 DB OREIXX LIz KE oz, {5, FWHWE SR
Bl EHIZhbThoom LTna, MK, B —27 ofafnic kv, v — 27 RENMRIBRA~
U7 R B ERBRD, BN R I E AR LTV D, & LT, REOMFIGE T,
MBEE— 27X AERB N o T,

Relative response

1 ] 1 1 1
25 Li-B,0O-:Cu o %0co ]
= 2B4VY7. y rays N
» x 10 keV X rays .
: I I § :
X l X x X
1, 10 o °© % 17 Q(x@é 2.8 §>}¢x§ .
0 L | - _— 1
107! 100 10’ 102 103

Absorbed dose in TLD (Gy)

3.24 Li,B,0,:.CuDBERLE
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3.3.5 B~ L(BeO)RIEHER
3351 Jo—i

B 3.201Z. 10keVXHBRIZX§ BHBe0D 7 u— % ~T, R 2 COMBEHECRIE Lz,
Wi, TRV EKTFETIZEAE—EThoT, 1T0CIIE— I3 1 DR X BH, EBIZIX
BEOEC— 7L RBHEMNH B, H XL, Tochilinjd, Brush BerylliumttBiDFEF% AW
T, 180°COHOE— 2 L EBBE TR0 COY— I HFHE L TWAY, Crasel,. [FItEDThermalox 995
Z AV T170°C & 275°ClLz®Y | ScarpatConsolidated BerylliumttDEFEDFEF T, BIEMDOFIZ
v—27 % b0l o —HRERE L TWEY,

3352 IRILF—KEE

X 3.2512, TRAX—IREEERYT, HERIT. ZSRERICESHBEM L V40~70% b K
XWERNEB LN, LrL, HIERL., BeOROBECRIN, AY NI Rz kB FHEE. #EL
FLTCHIZADLD 2RBTOREBEZTD, #ZC, )5 LEBOFEYRD D, KT -
BT r 7 hvaa— REGSA? & AV, #HEI, 1 REMFEERTITV, XF. ET0R
FIXENFhlkeV, 10keVE TV I 2 L— hLTZ, ZOFEMIX, B 3.251RK 3 L 512, 20keV
UTTHEDRNEEFREICLD ZZRERE LV DIWEEPB LN, 40keVTIEI—H L
Too DFEV, AEMIL. EOEGSADRER LEEANTHEERENWZ LT,

77, RFOHE TN E X, BRETLIO EDED ORI NICHEAEIEET 2, T
bbb, BEELORNIL. BROENIDOEMIZIERTHERLS 225, LirL, ZOZEIIAAE
DFE, hENEEZX b, ¥ b, MBEIZARS & TiE10, 15keViZR, BIEMEOIX LD
IR 3. 2512 R 6D X 9 IZ10keVT R A F—ZBWTH/MIWLLTH D,

EDI, BEOCBECHRNEEZRE L, 2¥eb, b LEOEORIDIER IR, JARER
K DLDOHRKDZEHE., MAMEIITIZANED 2REFOREBLEIZIT D, 2FV, EBROKE
EREHMZPEL 720 REERX, TRERTERE LTHWLERET RV — RIS DM
EIABLBL 200 Thb, E2EMLIFEFEREIZ, (2. 15) % AV THIE L7ZBe0D I
*TBMBEREL, CERSPIC LB E2.69mm ™ TH B, —F, ECS4FHEIZL Y, 0. lnm & ¥ FBVWIRE
DOREITEFFEREOBRELV20% LV IIRELL BV L 2R L, ot ERTR &
REL., BELZERTH & BeODELHE S0, 785mnlZ %3 5 B D kINIX, (2. 14) D p (B) %
2.69mn ' CEMTDHILICEV0. L2UTEHREEND, BRELT, FIANLDO2REFOH
E.43(0. 1x0. 2) /(0. 785x0. 42)=0. 06 LL F & 22V | %Yt B ORI FEAMBEICEEBE 5 222 b
PHER LT,

PEXY, ZOBKBISEIRZFHER O ORI LD B2 b5, BB, FERBRRE
X, Thermalox/g FDOFEFIZ OV T HLIEZN T WA I Searpal Lo THREINT- XS
W22 ZORBEIIEE, LEOME, BERFECRELSEETZOT, XMECEERR LR
o LU, ZORBMTT NCHEME Y REL, L1000, 60° & 5\ E30keVV AT IZ
-2 %boTEY, RBIEIZB VTS, 40keVOEMML L W KREWEREIHB LI,

K 3.2612, BR2CCOMBEE CTHE LIZHEOY—7RE, FWIMETRT, 40keVDEN DT
MIZREVD, MEE b E— 7R E P — 7 REIIEFT RV —IEKF LRI S 2R LT
%o
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Response relative to °°Co
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3.353 WBREGE

X 3.27i2, *°Coy B, 10keVXBRIZxT BHREISE 277, Hlid, TLDRILERE % £ T, 10keV
X BT 5 B HREE, EGS4DFHBEE % AV TBeOh DRIV BIZEHE LTz, MSE L b2. 66y
FCHEBMENRHY . FLLETldsupralinearityZ R L TW5, FDsupralinearity DFEEIL.
8°Coy BRMD3. TL Y 10keVXERDL. 8D HFI/NEWN,

X 3.260 " — ZiBEIX, 106yE T166°CE —E T, *°CoyBRUIZK LTI90CE T, 10keVXHBRIZ
o LTILI80°CE THIAR LT WA, 1006yPL ETiE, Ml &b E— 7 HERM~E-TW5, i,
AR, 36yE T—E T, 506y THRARIZAZR VD LT3, *°Coy #RIZx L TiL50Gy & 300Gy D
R CREEEOMITED LT a2, BREFREIR 3. 2T TR T L) IERERLTWS, ok
MBI, 10keVXHRZKILTHR U THD, 2B, U—2RE, FEEL L, BEISE LRI,
°Coy R &LV 10keVXRD TN ZEDEALIT/ N E D o T2,

B BeO B

- o %Co y rays

~ . ¢ ]
Q i x 10 keV X rays _

Yo
- O -

(4]
7))} — Q -
C | _
S 2o _
i : :
c [ -
- ;’f ;l'f -
| . v X -
Tep 3 fo @ o ;% —
N L L L ] .
1072 107" 10° 10’ 10° 10°

Absorbed dose in TLD (Gy)

3.27 BeOMO*Cor#i. 10keVXEIZHT ABEHE
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3.3.6

3.3.6.1

Response relative to °°Co

Bk DL D L(CaSOTm)RIEFER

IRLF—IEE

X 3.28iZ, TRAF—IREOREM L FHEMERY, EREHRIHFE T, s0ppnFEh 5> Y
U ADREBIINEIBETED Z 2B L, EHRFFETERENOT, INEE HMDTLD
IZHEARTIOE & K&V, JIEMIT., HBEELV6%E3T%REL ., ZTOEEZIITLDDIX LD
Lok, BRI LY T ADT R —EEMIT. XBRAEBY AVERIENWVL Oy
&R T3, Lakshmananid, 30mgDCaSO.TmyAZE AN T25°CL320°COM DI u—dhifRZ Rl
21.5keVCI12DIREEE, Pradhanid, CaS0.:Dy DK A AV, 25°CH>H325°COMI % FE45) L | 19keV
T11. 5, 29keVTC10. 6DEEH TV 2P, X HIZ, Lakshmananid25-250°C, 250-290°C D% B! «
RS L. IRIRE DS EE A 40keVT10. 8TH D DIZH L. WIREDISEEIZI4THD Z L &R
L7, JUEREX, AWVETLY —& — EBGEREIC R & SIKFT DB, 2oz & LY ARJEM
PR OB E L D b T KREL o BRI, £ OO HERISB0-350CTH o722 &b
AIRBAREERTHNEZ & L, RR2BEOREHEAVZLEDLEZLND,

N
o

-
o

[&)]

N

e

] 1 Illllll ] I l]lllll

‘} CaS0,4:Tm

o Measured

——— Calculated

5 102 5 10°
Photon energy (keV)

B 3.28 CaSO4+:TmD IR ILF—EE
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3.362 REREE
B 3.291Z°°Coy HR. 40keVX BRIz 2 MEISEME 79, Mk, TLDRIREZ £§,
supralinearityAs, °°Covy BUZxE L THL0. 56yh 6., 40keV X FZ % L CIXIGy R HENALTW S,

FLARBENI . MhDTLDIZ LT, BREBISB OB KRMIL, *°Coy #R, 40keVXFRIZFI LT, %
NEN3O0, 1.6 Thol-,

4 3 ‘ T l T l T l T | T ]
B CaS0,:Tm _
3 N a %Co gamma rays . -
=) i o 40keV X rays |
(T
g - 4
@2l -
O B a 7
o | é -
A I :
o L a % % § B
m 1 A A g A é —
|| . 1 .1 .| |

1072 1071 10° 10’ 102 10°
Absorbed dose in TLD (Gy)

3.29 *Cor#. 40keVX#IZHd B5CaS0s+ TmMDHEIHE
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3.36.3 Jo—phR

X 3.3012, EAREFERO S o—RE T, EH2COMBGEE TRk Lz, R ¥—
XARITHR LT 200°CH> 5 300°CHHT D B2 $3°°Coy MIZFTT B B —2 £V bPhlz K&\,
10keVX FRIZ6 L TlE, 260°CU LD E— 7 MO = RNV — 20T 50— I V&L Zeote, &
7o. X 3.31(a) (D)2, BMEZE{LS T Coy#R, 410keVXRE BH LickD /o — iR &R,
S9Coy BT LTIE, 240°CHHENL EDBEE Y — 7 BRE L L bz L, ©— 7 (L@BA%0. 046y
MD200°CH>5H11. 86yD240°CE T 7 LTV D, 11.86yPA BT, iR E— 7 ORRIZHT DT
Y 22— 7116816y T200°CIZE - TW 5, 40keVXEIZX LTI, & —7 D7 FiX0. 096y
D200°CH>H0GyD225°CE T L *Coy DY 7 MELV/NEW, 2F VY, BEEL—7 OEIR X
D/NEVY, ZHE, SrivastavadiCaSO.:DylZxt L CEBE LZEIRY— 7 ORERNBIEFTRNLF
— KA AT U580 L34 5, 72, Souzald, supralinearfflik CHIKIE ™ — 7 I3E
BT T A ERBELEZY, LarL, K 3.31(a) (b) TIEHIE v°— 7 1345006y TH 2. TV
AN, BEISEIIEEHEARL WS, ik, BB — 2 Hsupralinear{ZHRK LTV 5 AIEEM:
R LTV B,

337 IRLF— REGCEZDRHERR

AEIZBWTHE LIZATLDOT X V¥ — BERE L /o —WRER 3.3 L DD, F3
715 A%, ICRP tissue DT R)VF—IREMEZ ERERICESESHEL, F2V 720D
HUVIRAO D E R ULMET, BB TRINIEEEEZTRLTWVD, TRAX—HE L LT
LizBa07:CuSBZLENTEB YV, LiFb BIFRFMHE TR LTV 5, BeOld, ¥ T AP ITNIELIF&
WS BT 208, BENHLZDH LY, Zh b ¥ — EEREOMEIL, EEICE
TLDZ R T XA F—HTFZR LTEHT 2 ECRISEEFBLXADND, £, 7o —iROAER
BRIy, BRE—ZIZIENRFRNT—, BEZETIHEREORBENRKENT ENHALMZ
20 EAE, B2 BT IR TF T RINAX OB E Z T WRERE O W eI RIR &
iz, '

EHIZ, AFRNDTDE 2 0DF A LT oD T ENRALNITR 5, 1-91d, LizBa0-:Cu
A TPTHY, BT —RFIH LRI~ EEPERERE LV /NEN, ZOFERE L
T, ENXPRBVERAVX—FEBE TN SVWZ ERTERELTEXDNLD, T,
supralinearityZ ;R &2\, MU XA 712, LiF:Mg, Cu, PAH VO Ju—iiRokEs: LT, &
BITEET AN 122 WS ZENBETFOHND,

B —FHDHEA L, BT RNV —HFIIH L CERAF—EENEREREL Y K&V, =
I, FEENRDI CofBEREL D KREWZ LB FMEEME L LTE 2 BB, ¥/, supralinearity
%55 L. LiF, BeO, CaSO+:TmSZNIZBT 5, 7 o —mROKME LT, LieBa0-:Cus A F L%t
B, MEICHETHIE—IPEEL VI ZEBET LN,
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—— %%Co y rays
------- 40 keV X rays
—— 20 keV X rays -
............. 10 keV X rays
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3.30 CaSO, TmIZHIT 57 0—MBONXFTRILF—{KEH
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i i l T 4 1 1 l I 1 i 1 | 1 i 1 I l I i
- (a) ®Co y rays —— 0.0437 Gy 4
1 e 0.437 Gy -
A AL WA U VA —— 2.62 Gy -
_ Y/ AR ' S U U —— 11.8 Gy .
@ i —— 471 Gy
o i —-— 681 Gy
w
051 -
| — B -
[ N NI\I\'l—I [ T W R T
100 200 300 400
Temperature (° C)
1 1 ' 1 1 1 1 I ¥ 1 1 1 l 1 1 1 1 I 1 1
L (b) 40 keV X rays 0.0943 Gy -
S T VO 0.982 Gy -
" 7\ — 11.1 Gy i
L \ \\, —-— 90.0 Gy .
c L "\_\‘ %, —— 164 Gy i
o | by B —— 485 Gy i
1051 \A 0 .
- e |

100 200 300 400
Temperature (° C)

3.31 (a)®Coy #. (b)40keVX (=% d 5CaS0+:TmD 5 O—H
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338 AFIITHTHLETHER

TR DN F = RVF—RTFHENRIE S, BEEBEDOKFT RV —RIFHEDIT LN
RotodS, Z9 URTEMEL, oA AX—f15 (LET) OBWIZESWTHBAI R TE Y,
FIT, Coy BEBIETEDRRELETR B2 03 E 21T 72,

YFDLETIE, B—I XX —Z2oNTE &, TOEREFIIARTEANZIRNANY hrve b
DOT, BEEIZRDDZENTERY, ZIZ T, ICRU Report 16*IZBWTERSINLET%,
Spencer & Attix DUTELHE® 12 X o TEMi L7z,

ICRUIZ X B &, LETIZIdTrack-HILET & RINMREFEHILETA D B, Track FHILETIL, ¢ (T) 2 5%
HEEFOFIN—T L RARARY ML ET B L,

dT)
L)= = 3.12
¢(L) ¢(T)( 7 (3.12)
0N 619
[gyaL
CEE & BHtrack lengthyAfi t(L) TMEEH LZLETE ER SN B,
Lr= j;i(L)LdL (3.14)
RSB B S BILETI
d(L) = LulL) (3.15)
Lt
TRFEDIRIVREDAT d(L) TNEEH LZLETE BRI N D,
Lp =], d(L)LdL (3. 16)

ZDIEN, LENIZR S TRVXF —A LV /NERZ RN T —% L OBTOHB T RAF—IRIX
WCEHEET B EE LIBADLETA H Y . “restricted” LET La & HEN 5,

ZOEH, KTOLETEHET DL, ETEFOFEHEIN—T U R R v ¢ (B) 23R
&Hhm&%&wo%@ﬁﬁk&éﬁ%&ﬁNdﬂi\ﬁ%k%%k@ﬁﬁﬁ%\?&bBﬁ%
PR, 2T IR, BFNERIZEIDETARS M EHBELTRDZZLIZRD, TOE
%ﬁﬁ%ﬁ%%&m\@ﬁﬁﬁﬁ@%mwf%ﬁbtx&&hwﬁﬁﬁx&abwv%éo

#(T) = 5 (T)

Sl THIBFRAERER F T, L L., T 2 CHWLESRETEIT T VX, JIIETFREL D =V
— TR THEICEALND ERBRL, 2REFVERLEDTRAF—FEEL TN, &2
AN, 2REBFOFIZIELETDBRIRIALX—2DL, "DRYVOEHEBHTILOND B,

_obt%%i HHEFRANDLETZE X558, LOERNTIALF—2KDTLLS ¢ (T)

WEDEFN L, F 2 TAEFETIHE, Spencer bIZ X BEEFEE ANWT, B E7HER

WL THRETD 2REBTFRAZ MVOHELIT o7, Spencer b D FHHEIL, Moller DEHY 21T

LU RO FERAN S LIk T D,

7,7

j N,(T)dT (3.17)

== (D{ j dT' KT, KT, T')} (3.18)
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B1EEING I OPMEBF A MERL, E2HEP2KREFRANI bVERT, K*
T, DI, T OTELE—2 L OBFRTRLX—TO2REFE2RESEIHEREFEL TS,
ST R(T,, T = (T, T)Se(T) &H< &

R(T, T)=1+ [l {K"(T',1)/5,,(I")|R(T,,T) (3. 19)
s, TIZT., HIEIBHEERTS L
K*(T',T) U -1 ! -1
SR T -1 -1 (3. 20)
Do) (-
EBIF B, 7277 LB(T) IIstopping number & VM4
B(T)=2In(T/IoZ) (3.21)

DOEUEDAE Y ST0o TolXFEB A A UAbRT e b, IR FEBSTHD, 22T, t=(T/To).
7 =(T" /To) B &,

— 1! )
R(T,,T)=1+7 LC:'T'{I - o(r=2) R(G;, ')/ B(TT') (3.22)

LY BEMAT AR R RSB/ ON D, o, BT HIEREOHBIZIIEELOSS 1 — K49 % Bz 23,
100eVEL F CIIERME & DN KE L, 100eVIZBIT DEDOHRBREE AV, FRUTIIHENS
Nz LT,

ZIZTC, HEFEOBEEZRIET 5720, KPP TOLETZHE L, STEMEOY L Lz, AH
HRHBRIZ® °Co, ' Amy BR. PHR MR TH B, HFT R NAF—1L°°Coy FRA31. 25MeV, **'Amy #RA3
60keV, *HBBMOFERTRNX—N18keVTH D, FERER 3. 4IZT7F, Iy FATTRXAF—A
DZ D303 B A & =20% DHEFEHT—K Lz, DI b, FFEDEMeV) b EKkeVEE
BIZBIT KPP COHERELHIE Lz, 2B, HIEEZOMOF —F IXIOBEIZ/R-TEY.,
KN E IR L TCIISIE - OBECEHETE 3 b0 L Bbil b,

£ 3.4 KIZHT HLETHEEDLE

Radiations A ZA,T ZA,D
(eV) (keV/ 1 m)
Sk Present @k Present

®°Co vy rays*® 100 0.23 0. 28 6.0 6.21
10000 0.23  0.26 0.48  0.40
0 0.24 0.25 0.31 0.31
24'Am vy rays®® 500 6. 54 6. 09
*H B rays*® 100 4.7 4.7 11.5 11.6
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ZZC, LiFIZR4 ALETR2EHE Lz, BFOLETY., BFMHIEEEICZELWE L, Iy bFTx
FAF— AL, 100eVE AWV, TLDDORF TR —KEFEMER LIV HIEECR-Z00HED
NTRVWD T, track FHLET, WRIVREHLETO EH HAEEINMIET 5 2 LI TE 2vnis,
I CREMBE DY OISBEOMAERBEIC LTS 2 b, WINEEFEHLET Lo o %
Az, BHEORSE,. Lioo.o DL, *°Coy #. 30keV, 10keVXIZH L TENZNS. 6, 9.0,
9.4keV/umé 72V, *°Coy MR EMBAAIETLETIZE VD H B Z LA LN o7,

3.4 5

10keV)> H40keVE CHOH— T R NVF — Y9 HLIF, Liz2Bs07:Cu, BeO, CaS04:TmTLD®D 7
o—ihERE, REZ10006yE CEILSBTHIE Lz, £DO 7 a—RON I R XFSBEND,
TRVF—IRE, BERZEZTM L,

F7r . BISAEE. Vo — iR OBEN S TLDALiBi0r:Cul LiFD 2 2D ¥ A FIzs T b
52 L%RL, FOLIFE A FIZBWT, BIREE— 211, supralinearfER CHRENEL 2BIEY
ELLHKT AL, FDsupralinearityDRBREIL, B XAV X—ZEREL BB EREEH
BT Uiz,

Fo, LETHEIZ LY, HFZRAF—P/NEWVIEE, LENIREVVEZ & B2 L 2R LT,

5 LR, SBROBI XA —FERICB T 2RENNECHREND B2 bND, ET,
77— E0T—FiL, TLDORENXR, RESEOLEMRFHOBERAICTFE T 5%
bha,

BE Xk
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EHE E-XNF—HFIIHT IRBEBREREEHE

51 BHEEH

EGS4=t— RZ&EHWT, 30emf DA 7 7 ¥ M ARTEIZ, 1. 5~50keVH —T R )L F—DJEF ' —
ANBEEICAF LZBOBRMANF 7 —2 2 2 Y% 0 00. 07mm, 0. 02-0. 10nn, 10mmiE XBRE%
HELEY, 772 FAMEL LT, #F 5. UIRTICRUBRD4, 10505HER % AV 72, ICRUIOTLEE
W, KK, RFE, BE, BRICNMARE, VIVUA VU REDEVWREREZETELN, BEIX
FHbHH1.0g/cn®*TH B,

£ 51 772 FLEBHTHEOERY

Element H C N 0 Na Mg P S K Ca Density
(g/cm®)
ICRU 4503 10.1 11.1 2.6 76.2 1.0

ICRUIOJESR 10.2 12.3 3.5 72.9 0.08 0.02 0.2 0.5 0.3 0.007 1.0

FHigs L LT, 10keVEL F @ 10mmiE S HEREIZR L CidNext event surface crossing (NESX) A& Hi
B IR F PRI E IV e, AR PERE T, RO S XTI B TR
DL DU B & 9 BIFT V10 DTS, NESKR AR T, AL D bR B X
FHRERILBERD B EIZ, TRV F— L PR IVE-RIRE L U CREL R
L7z, ICRP Publication 607iX. JeF DRI EME W2 1 LERLTVWDDT, #HE LK
WAL FR BT FARARRIZF LY,

EUTHNBEHEOL X MY L, BEBEISNIBL TR D & O ICRE L, HIBIEAR
REEXHUIBE L TRV, HOEXROBBIT OV T, BOLINE, BEHREER L koL
— RIS E W SFEIC LY, ExFEELICRUIOTR 7 7 ¥ P ARBWTHI%LL T T
HDHZ L EMER L, Fiz, BTFEIEBEIZIIPHOINS 4 77 U —% NESXHRHE31Z1X, Hubbelld
TARNE —RIPREOEY & e, BFRMEOREIIRNI L2 MR LIOT, BFiIFHEL
MRS D & L,

52 hHELDHLE (10~50keV)

#F 5.2, £ 5312, TNEN0.07mm, 10mmiE S REOHEME & SUEMEZ 789, 10keV & 15keVD
10miE SRELZFRWT, AR OESBREIL, BRIROEEIBREL Y DT REWD, @\
ROBNIE CEMEB OB R TEHEETRWI L E2E LTS, T2bh, FRFROFHMED
FNR, Ta T T I TBEMT, REDRHBEAWDS Z LIk o TR /NS 2MeEaEr
/ohdZ &b, RKEROFEMEIVEALELLND, EE, MEELITO L TCLARBBRDOT,
ICRU Report A7¥ CIIEAET=F U ZTHIZERBEA STV 5D,
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& 52 0.07TmMmESHRBOMEF & DLLE

Energy Depth dose at 0.07 mm (107 Sv cm®)
(keV) ICRU (4 elements) ICRU (10 elements)
Williams® Nelson®  This Nelson This
sphere slab work slab work
10 6. 91 6. 95 7.19 7.83 7.91
15 3. 04 3. 16 3.18 3.39 3.51
20 1.72 1.77 1. 82 1.90 2.01
30 0. 861 0. 897 0. 907 0. 962 1. 01
40 0.590 0.623 0.635 0. 661 0. 695
50 0. 491 0.538 0. 541 0. 550 0.576

£ 53 10mMmESKEOMEHE L OB

Energy Depth dose at 10 mm (107'* Sv cm?®)
(keV) ICRU (4 elements) ICRU (10 elements)
Williams Dimbylow” Nelson  This Nelson  This
sphere sphere slab work slab work

10 0.0769 0.0708 0.0673 0.0641 0.0454  0.0427
15 0. 846 0. 827 0. 844 0. 818 0. 802 0.784
20 1.0l 1. 00 1.03 1. 06 1.05 1. 10

30 0.785 0.773 0.812 0. 829 0. 862 0. 892
40 0.614 0. 608 0.652 0. 664 0. 665 0.710
o0  0.526 0.518 0. 592 0. 591 0. 593 0.630

_98_.



53 XFEEBEEOLEE (10, 15, 20 keV)

SEARFERIZ BT D EEORIREICH T 2B ER 5. 477, F2.4%50L. Storn and
Israel® OWIEEE AWCTHE LLESHEL, F3.55I%. ZORSHRE & PHOTXZ AW
SMEBFHBEMEOLLE T, Storm and Israel DWIEIEZ AV TR L7z 10K SR &1L, PHOTX
& Storm and Israel DT —F DFEN 4% I D 10keVD TR I)VF—|Z8VT, PHOTKZ AW R &
D 14%13 BRI 22 o TV B,

% 5.4 Storm and Israel K UPHOTXMHBZ ALV -FESEEDOHE

Energy 0.07 mm Dose ratio 10 mm Dose ratio
(keV) depth dose depth dose
(107" *Svem?) (107" *Svem?)
10 6.93 0.964 0.0729 1.14
15 3.05 0.959 0.828 1.01
20 1.76 0.967 1.04 0.981

54 BEINL—IURYEYFRIHE
541 FHEHR (1.5~50keV)

# 5.51%. 0.07mniRE &£0.02~0. 10mniEE DEfL I N—T U AT VRSB ELY, £7 7 b
DZOWTHB LELDTHD, 10keVELET, 1078FE 7 7 > P ADKREII4ATLHET 7 M ADOH
B X U2%D0 5 11%KE VS, TS OEVIT10keVEL E CIIEE TRV, LAL, TR TGk
LRNAE =BT BIZONTHRL, 1.5keVTT7 7 7 ¥ —60 L HRKIZ/RD, TNHOFRERIYD.
SRV —HTFICHT A EEREFMIBNTHo L bRENBRETTHD Z &b
B, F 56T, 10mEIRELFHRIC4TRLIOTR 7 7 FAOHTHEKE LTV, TH
DEWZ L DRI, HF RN X =PRI ONTRELL 22T D,

10keVELF 0. 07mumiE S FREIY, FHEKAHRIUT - BIEZE B S (BCRU)? I L UGrosswendt'? 12 &
STHEENTWS, AiE L. EGS4TI10, 7, bkeVIZR LT, F7-iafB# s AW CHEFHES
2keVE TV, ##E1L. house-madeDFE T v FEitE o— F2 V., X FEFEREIC
19774 DHubbel1DF—F W E AW TNE L ZARRARD, ULtk HR722560.02-0. lamDFEE
BEITIEDLLLEHEEIT o TRV,
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£ 55 BHEIIL—IDRHHEY0.07mm, 0.02-0.10mmRSHEE

Energy
(keV)

Depth dose (107" Sv cm?)
ICRU (4 elements) ICRU (10 elements)
0.07mm  0.02-0.10mm 0.07mm  0.02-0.10mm

D U W N

10
15
20
30
40
50

0. 0406 2.35 0. 0430 2. 45
3.31 12.7 3. 44 12.9
24.6 31.9 24. 4 32.0
28.7 31.3 29.5 32.6
23.7 24.8 25.1 26. 2
18.3 18.8 19.7 20. 1
11. 1 11. 2 12.1 12. 2
7.19 7.91

3. 18 3.51

1.82 2.01

0. 907 1.01

0.635 0. 695

0. 541 0.576

% 56 BETJI—IRHE-UI0MmMESHEE

Energy Depth dose at 10 mm (107** Sv cm®)
(keV) ICRU (4 elements) ICRU (10 elements)

6 3. 24x107° 4. 556x107*°
8 8. 99x107* 4.21x107¢
10 0. 0641 0. 0427

15 0. 818 0.784

20 1. 06 1. 10

30 0. 829 0. 892

40 0. 664 0.710

50 0. 591 0.630
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542 EIRELOHE

ICRP Publication 51X, ICRU4TTHEIR Y 7 v FAIKT 2 EUBRELEH* (d) 2 ZEBEDOKS
MBFBOMZEL LTHEALTWDS, RUEKET, FRT 7> b ADOESREL 19904 D ICRPENE
WWESSEDRE L LEBRT D2 & HEKEY, £ 5.7k, BIHOBIBREL, Zankl? &
Yamaguchi® B ZNEFNHE L ESRELZLE LD TH D, EIREIL, BRXEZRTEIE
A, ThbbEEORMIIEAICATEN OBREIZAP > THRFBARTIHEEZRLTNS,
FENDLDND X I, FARFRO10miE SBREL, ESREL 10~50keVD =RV F—|Z DT
S>TEESTW3, 5, 10keVEA T TIILERT NE ERMEOT —F 232V, K 5.5LFK 5.6
EHBLTAD L, 0.02~0. IR S O EHRETL. 10nmiE EHRE XV 10keVEL T TL00fZEL EK
L, T, TOEBHREIL, keVITL THRAMER &5 Z L3 bd>oT2, —F. ICRP Publication
60TId. SMMRENOENREZED DI, HBIZH LT0. 01O/ ESREE HTTN D, L
EX Y., 10keVEAFOET RV F—RFIZHTHREBEIL, KEREBECLI-TREIND LE
bbb,

® 5.7 10mMmESKRE LATRAFBORIRE O LLE

Energy Depth dose  Energy Zankl™® Energy  Yamaguchi™
(keV) (107'*Svcm?) (keV) (107'*Sv cm?) (keV) (107'*Sv cm?)

10 0. 0641 10 0. 0483
15 0. 818 15 0.125 17 0.103
20 1.06
25 0. 264
30 0. 829 29.5 0. 253
35 0.324
40 0. 664
45 0.322
50 0. 591 50 0. 359
5.5 i

EGS4=i— K& VT, ICRU4, 10THEREHR 7 7 v P ANDRIERES . 1. 5keV)> H50keVIETFIZ
;UT, BRFOXTFHEET — % THBPHOXEZ AWVWTHE LTz, EPRE L OENS, FiR
77 v FARZBIT A 10miESBREIXI0keVIL EO T XA X —ERICB W TESRE LY KXW\ 2
EERLE, E5IT, 10keVAA FOTRF—FIRTII, HEREVEDRBOKREX SR2IET
B ENTRBRENT, BRELT, 10keVAL FOZRAX—FEIRIZB VT, 10miRSBREONR
PYIZICRUA TEFR T 7 ¥ FAHD0. 02mm-0. 1nmiE X #RE % . ICRP Publication 60MFEZ L
T EMBOEEMNRIEEE UTHRBTE A L EHLMII LT
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AR TIE, BT RV TR T DBREMEEOREZ BRI, i, BEBLIOISHE
Wbl oT,. BB, B EiTo7,
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ZHRARIL. WHEPICRIT2REHORE 2 EENTHMET 2EHTHY . X, vRORE
BIEDCEARL D, FOBIEERIINE. FI2°°Coy BTt LTITiL, 100keVEL T D X BT %
LTCRIEEAEITOR T b ole, 22T, ZTORIRAX—HTIZHTHEAME TS
B, BEOLRES (TWD) 27 7wy, TAI=UA, Ml @BETIIER, XBEEEBENLD
30~200keVXBRE RN THZ LICL Y, TORERMEZAE Lz, £ OREZBurlindZZRER
WEISSHBEBEL B LEZLEZA, Ty, TVIZU A, FOEPIO%LINT—HLEZIZD
Bbbd ., &OMHEIX8~48% DERLTRIHELZBL, T T, BT I NVaRrT - BFEER
Bo— RITSOFEMEN EROERMEE —HKITHZ L 2HERBLEZLET, Ra—FE2AWTEIZH
T BINEEBER > TRRZ T,

ZTORE, T7uy, THI=UADEE., TLREIZHTAEENDD 2 REFOEEN/N
SV, IOETIMERBORBREIZHE VEKFLRVE, E@OBRIITOFENKEL, ME
FEOFMBEICRESEKETIZLERALNC L, 2FEY ., ZERBKREV N /HhEW H
T2 REFOBEDCEEIZH DD TIIRL ., TIDREIZRETEEOESWCSH D Z L 2 EBITIC
KVRLEZ, 2L T, MEEZMRT LD, MERKOHBEZBWTHEEN LD 2RETF DB
EEREBEEGELT 20 TR, ZOBEFHTNTCILDFIZRNEND RIZEFEB L, TRXALF—
Fi - RAREEAWTIOEEZBEEHET D HERRE Lz, AR L2 EME, FEERE,
TUTANOHEMEE I —BTHZLE2MRA L, £, TOBA%KHE 2 REFOEPHT X
N HIEIL, BT RF—, TLDESIZE L TRLE,

[BHZE - JE]

BEFE OB YRR B 5 WX KRB W HERRIZB W THIA & 3 B ABREF L. 30keVEA T DX
FIZHTBFABPEBR SN TORY, 22T, BEEZII U0 &7 3 KT 2 X —FEROBKREN]
ISR 57D, UTOMREIT -7,

FT, EREEDD LT, BHROKREBEFRBE L T=F—T3UEFRERHELT D4
ERHD, T0H, HRELMESR LICEERNE CX 2205 B HEREHE DL L U2RIN
BEHEZBEE L, 3SBUNTEVWDOEN TR 2 L 2HER L,

BMEF L LCITLDERIR L, ZOEART —# ThD Vo —HRGEE SRR 2 Ed
B, 2% DK TO. 5~5C/sDERMEAFIT O BMaele ) —F—2MACHER LE, ZL
THREFHE LTUSHT 0L, XV — RESEENLEATHEZ EnD, Y2 b
0 B YED B D10~40ke VEA X B E | AMFBBSMARARE b 27 v{b Y F U A (LiF), &
UERY F 7 A (Li=Ba07:Cu), ML Y YT AL B0, ZLTHEEFEEZLLBERENERAD
BRI VL 7 A (CaS04:Tm) TLDIZERS L, 2D/ o —HBOEMBEHEOTHZ LI2LD., H4 0
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TRAR—IEEE, 6%, TE— 7 LERE— 273N ENA%, 1T~41%Z2REHRE L 0 K&
<. TR EY ABEREEF O RNV X—REIL, *°Coy B TL 2T~1.56L B2 b d, Fiz,
ERMEIISCYyRHTETH Y. FDi%, supralinearityZ R L7z, ZOHRNAMEIX. °°Coy #R. 30keV,
10keVX R ERFTRINF—D/PELL2BITE4.3, 2.8, 2.0 /MhEIVWVEEZR LT,

Za—iIEEOY— s hb Y, BRI XX L, IERREEEREROE—I B
K L,

- RUBYF UL

TR —RENL, ERERE L V8% ~20%/NEWERER Uiz, 2R XY, AEEGRE G
DIZFNFX—JREIL, 0.71~0.85L Bx bivd, £, *°Coy . 10keVXHFRIZX LTHIE L7
BESZIT, LIFE R4V supralinearityZ R &My o 70, EMREEBIL. °°Coy BRMDE506yIZ %t
LT, 10keVXHRII3006yE T LB IR o7,

Jo—iii, T2 LEBY—I b0 BRENEL RBIEELOFBLY—IITETL
REWNEL 2B &0, B —JhE, FEROUELVALPICR o7,
cBERY Y UL

TR —IRE L, ERERE LV T0% b REVEEZ R LI, /2. TZ7A0H0 2 RET.
HOEDOH ORI OBEIEHETEX D Z L 2B L, hi v, AMRBMET O XX — IR
IX. LiIFERICL. 28~1.55EZ 2 b B, 30keVEA T TId, HI9 R, BRI D NRFREENKE
VN, EBMERIT. °Coy . 10keVXERE H122.66yE TR B, supralinearity®FREEIX. °°Co
yBRO3. TIZxF L. 10keVXHRIZL. 8TH o7z,

Ju—difit, B E—oThBH, RENE 25BI1E L E— s LBIIERMA~YT L,
EEBREROREL Lol
- BREEII N T A :

TRV EEIL, EREREL V6% ~3T% KREWELZR Lz, BERERIX. *°Coy BRITH
LTCO0. 56y E T, 40keVXHRIZH U CIXIGy T X, supralinearityFFDBREISEIX. *°Co
vy BRD3. 1T L. 40keVXHRITL. 6 TH o7z,

Jo— i, 2L D=7 bR Y, Bz RAX - LT, EEREOZS LEIRRD
P BRESHERTDIZLEBE L,

INHORREIY, XX —IRE, BB, EETFREORNL, MAREH L LT, &
TER Y F U ATLDDS U YL IZR U CEN T2 F 2 R T 2 E AL N0z, F72. LiFh, RS
BREMENGRIIIED TED Z Ldbh o,

F77. TLDIX. TR — 5B L BRERME L O XK/DNEM%,. supralinearityDFE, S u—r°
— LD, 2200F AT, Tihbb, LiBi0::Cu¥ A L ELIFX A A2 nbd Z AL
Pl ol,
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o, BHREL 0N, 0.02-0. Inn#R SR ES 10keVELFIZIIT 2 EREOEBEN e
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