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Dose Conversion Coefficients for High-energy Photons, Electrons, Neutrons and Protons
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Satoshi IWAI", Shun-ichi TANAKA™ and Yasuhiro YAMAGUCHI

Department of Health Physics
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Japan Atomic Energy Research Institute
Tokai-mura, Naka-gun, Ibaraki-ken

(Received August 5, 2002)
Abstract

In the International Commission on Radiological Protection (ICRP) 1990 Recommendations, radiation
weighting factors were introduced in the place of quality factors, the tissue weighting factors were
revised, and effective doses and equivalent doses of each tissues and organs were defined as the
protection quantities. Dose conversion coefficients for photons, electrons and neutrons based on new
ICRP recommendations were cited in the ICRP Publication 74, but the energy ranges of theses data were
limited and there are no data for high energy radiations produced in accelerator facilities. For the
purpose of designing the high intensity proton accelerator facilities at JAERI, the dose evaluation code
system of high energy radiations based on the HERMES code was developed and the dose conversion
coefficients of effective dose were evaluated for photons, neutrons and protons up to 10 GeV, and
electrons up to 100 GeV. The dose conversion coefficients of effective dose equivalent were also
evaluated using quality factors to consider the consistency between radiation weighting factors and Q-L
relationship. The effective dose conversion coefficients obtained in this work were in good agreement
with those recently evaluated by using FLUKA code for photons and electrons with all energies. and
neutrons and protons below 500 MeV. There were some discrepancy between two data owing to the
difference of cross sections in the nuclear reaction models. In order to evaluate the dose conversion
coefficients of neutrons and protons up to 100 GeV, it is necessary that the nuclear models of hadron
cascade should be revised. The dose conversion coefficients of effective dose equivalents for high
energy radiations based on Q-L relation in ICRP Publication 60 were evaluated only in this work. The
previous comparison between effective dose and effective dose equivalent made it clear that the
radiation weighting factors for high energy neutrons and protons were overestimated and the
modification was required. In this report, evaluation methods and calculation results of dose
conversion coefficients for photons, electrons, neutrons and protons are described.

Keywords: Dose Conversion Coefficients, Effective Dose, Effective Dose Equivalent, Photon, Electron,
Neutron, Proton, Quality Factor, Radiation Weighting Factor
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1. 3C®IZ

PER, FEIANF-—ONEEIE, EELTHRNTYEZEILDETIEBRADTHTHY
HNTEHS, EEERBTTFCTOBR - (G, £55 TEOME - BHFESW. WEHERTE
DRIEFOHA LTFIZBVWTEDN, TORBAOFEMIEZILIILAL TV S, flziX, RES
2BV TIE, 70~250MeV DFs F# % AV B S A GBS SR R 2R & 7eir (BIERF) % CHF
72 - B - REBEAMTON A L & IS, WIEHE HIMAC FEsk CIRE A 4 » 2 W B TR IEEOH
RABEMFITON T D, T2, FH WA, K0, WEHY, £EGRERVEFHIFED
TEIC BT A REMDIFELITH 72, AR TR (R6F) O FHr%EstdE (NSP)
LB ANF—ILEETEEE KEK) OKE Mo 5HE(JHF &HE) 2846 L7: [TKEER T
DIESEE (J-PARC) | Tid, MEEOMKE 7O 22 & LT 400MeV BT =7 2 7, 3GeV ¥
Yra by RUS0GeV v 20 Oy b L AR TIESREAESRA SN TS D 8512,
EFNESRICBVWTE, BEEEFIFT & 2 KRB OB e & U CRAF & BbFR7EnT (B
i) A3$E[E T 8GeV S Spring-8 & Eax L. WEOSH. RIG. Wik EoFRE LTRHIHS
NTVAH, B CIII T CROUTRIRONA TV /AR ¥ — 42 2T HEIIb » THHRR K
ETRELSELIETL RIE—2 777 Y —5HE] P"EDSNTWDS,

O EHIT, KEEILERR MR O, [RERIMERERO L 5 ICEEHITHE L 22 IESF Rk O
BARICBWTE, IESFHR OEARIKIZT H AL WS ESEES. MRFHEOR Y O—ik
XIBIZLH AL AR MESFEE & SO EEMEROIMNIEE T 5 - AROMGTHHIL
CEPGIT A7, @YU RBENCEFHIE DV TR DOER 1T &£ & bIT, Mk k%
WY e BEERATOLITETE S v EANVEETTIE, BRI, EREXKEN, THKX
SROMBI R DS O & ERAT 5. C O RO OB £ 3 L. 2 IS S50 TR O B g
MeZE LRS- OBELFFMT LI LIk 5D,

—J. FHBSHROZE BT LFHERESL L QKRR LEEBICHET LRI SHRERT
230k EZOLNDL, BEERPTOEBFHAT - 3 »i2id, #hbAh 55 400kn H L7 % &K [FH
DOFFEE - HNBEPRPMFET A LR D, KENOFARITTIE 1 ELLICE ) FEHRLT
TAFEHEMROKBISHEAET A I IR D, LI, MERICBVTH, B EA 5 18~24km D
SRR BT EHTRITT 28%F K (High Speed Civil Transport) 2R s h<Thh, #FEAL
HOMR., HREECELDORENENSDLELI LG D, EROFHEAR TIIFEH TOULAE
PEHRITLICELA, FOHFTERIBABRENI L2 WIS CHEOEREMBEIZL - TiTbR
T&7, 4t BBFHAT -2 a3 Y IlBT AL (OMRR - BBEDOHERPFKEDHEANKE
DEHRITTIE, FMICHECBELTUTAZEDPLEL LD, 3512, MAERITHORIL
TR, MZBHOBRBEUMICL, BBAL L TOBEOHEE IV LV, DB, FEEE0—
RO E BT 2 LEND D,

PEDPBEROBI L o TRITILIEEEOREIZRTRESRETH ) . METROHLL 7
VI ANT ) DR EEHRERFHRE LTS, AMRISHTAHBEE LT, hKNO RS - ke
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DR E R ERERII T AENNLREN D LA, INOHOBEINT HBEHRE T ER
BIZRODZ EIRIEBEAERTRETH D, FI T, BEHEAAKIZAGT L7 & X2 DKRTO gt
ﬁméﬁ%ﬁﬁ&slv—vay*;n%& By - MEEOWIGHRE 23T 5 & £ b 12, i
SHROMEDOEVIIL 2B ZB L GHET REHREL T 5,

%Wﬁid\Wﬁﬁﬁ%ak%&%iﬁ%éétbmlmw#—%&Lfiﬁéh\ﬁ%wﬁ
bREAWMLETHD, —H, NENOREFROZE L, WIERED KNI T <, W URYLH
BETLRUAHOBE L AV F— (BE) Lo TEMFNHENEL D, £2C, [H URINHE
BEOWEHIZ L 2EWMZENEBOBCERTON, RERBRUBSHEERRTH L, HERD
WEIFMTIE, MERTOKRPIIBIL2I 3 VF—15 (L) oK LTET2REREQ %
ARSI U T, e - MOV T T8I ) THRELEZEH L T, — 4.
FLOHETFM TR, ASHEHEIC L > TEO SN R ERE T HV TS - ik co%
fifEx EHL TWb, 70, FREEROENLHE L. WeF - Ao THRELENR I

MR, R ORI T AREMD BV R ETHBTERK TCEAMIT L TE
M ELERVIEDHREL TN T 5,

FAZih_7- X 900, AR - MARORER VIR EEROENN LBELTIET A I LdNTILA
AW TH AL I DS, BUTHEHEES O ILE~NVCEIREN ST T 24 E L OHEIZAHA
T&hEELT, HETRRLAEHEVNERSN, EHEO-FVEIKELYETH S,

2 - A oBE, FREROFEYHNLEERTEREBIIH T2 8O EREFEROBETF
— LT, REOEEN RO LTEBRGEHEL - BleZB S (ICRU) L EEBETHI#
£H% (ICRP) HFI2k > CTHEMICFM SN A0 FEIZE) PV ETH 5,

o fEkoBEHECAT HEFESRIE, ICRP @ 1977 EEhE (ICRP Publication 262 ) 1282\ T
C BY., BEREHEHOWER T — 555 ICRP Publication 51% ICF LW HRTWES, —J7, ICRP ®
1990 £#h%5 (ICRP Publication 60 ) 2StB &, FAETH THFERNMITTES I X 5 MR
EDORFIEICET HiERE (LT, Fﬂﬂﬁ@iﬁtﬁjt%To)J%@tth7&%ﬁM§%
FESIZOH LVERRDE) ARbh, FHI3HE4 ALLEITEIN TS, ZOEEHIC
WAL ER AR LA A BB EAREAS, 1996 fELC ICRP Publication 74% & ICRU Report 576
TRHENTWVASE, LA L., 10MeV A EDKT KU 200MeV LA EO ¥ FI234¢ 4 5L 4V F —5|
BOMERERBIIBRRS N TR,

AHFZEix, ICRP Publication 60 2D BT AN F—HEHB I TIHEREREDOTFT— ¥
FTATT) - BETHI EEFHMIZ 1991 FIZRME E 7z, ICRP Publication 60 TidEMHEE
WA R ERE L LTV E0T, BEEMERRE SGET SN HEHNERR T VW HEestE %
TR e Bz, $720 HrLv QL BRICEICHERBE T AV LB EYENELITH
72O TF—=995477) %L, XAV F-—HGBITL2EDRE L ENFEUNEDE
WL, B ANF - ARG T AR B RO Z B A e Lo, Q-L ORI, Mist
MOBEBWIZES QOB KEMIRLAIIT ELWA, AT EEFELZLOL LITLITRE-T
fERENT, 20O, HIIIBERTERBDEASINIRTH 55, Q-L ORRIIIIVE =
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DUEEPOHRELE~NOEIRIIIKARE LTHWORATWA, F7:. ICRP1990 F£#E 0Hi4(C
BOWTH#EOHES2EICELTA2DERIAEIFBL I LiCh b, 20MeV LLFOFHETIZREL T
(. BT ER S Q-L BfRICE S CEMN LB BB I ENEENRIE LV, £2TC, &
I ANVF RIS LT MO ELRE S Q-L BFRICE D { EM R ERR T <DL 2 &
I B R DT D L TERY D L,

RiEA )T OTN—TREL A NF - R I T 5 REREREL AR L TV 5, Lo L,
B AN F - SR OEX T AW EESEO 7T — 711k, 20MeV DTFOHRRFOF7— 712X T
HELTBLT, (it THREBREFRMICELTORBERIAETH L, KRERIEIA ) ToORK
EMERBEEHHEIDOTH Y, IRPHIZBIF 28T AV F —HEHIT T 2 BMEBBRERBOF
ficBnT, ML LZBET—FID—212% 0 9 b,

A EE X, ICRP Publication 60 (Z#D{ S AN F—HEHR I T 2 HERBHRENFTE
ERUT—9%2FLDbNTHb, 2ETIE, S ANF-BERIGT 2R BBERET—
Y DBREBERD, 3ETIE, BT ANF-HRIREDOEDREDFME. AMEEIKRT 7> b AL
WL CREFFM I — FL AT 4, KT AVF— T - TS 2HERE - 7 — < FKicow»
TihRb, 4 T, XTI TE2HERERRE LT, ZHHRERP ICRUK 7 7 » PLATOH
D ELEEFRRD, S5ETIH, ETIHT2HEMEMKE LT, EHEL RS, 6ET
. PHTICHTAREBRERKE LT, PHEFOFEMHE L ICRP Publication 60 @ Q-L IR
WCED(EMHRENE, PHTO2HFO VI LHRERBERRD, TETIE, BFI3TT 5%
BREEKRE LT, BFOEDHE L ICRP Publication 60 @ Q-L BAfRIZE T EHEYE,
BTOEHOTFHHBRERRT RS, K%, 8ETEAMELY T LD L, (FHTi, ICRP
Publication 60 @ Q-L BAfRIZED K ENRELUEDOFMERVEET LT — 5120V TikR 5,
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2. MERERKOBIK

10MeV EUF O F R U 20MeV LA F O PEF 123§ 2@~V ETRFICAV 2 X S REBEHREZ,
HATREED L ESOETRNRTE A SN TV D, 10MeV ZBA 2 AT KU 20MeV %2 5
BT 2 SEREFRIC OV TRERS IR EN TRV, FITAETE, B
F— DE B OENVEETHA LT b ICRP1990 EBE MR OMEREHRET— 5.
ICRP1990 FEy &I B 1T 2 ENR, FAEZICEDCHLVET AL F BRI T 2RERE
BBIZOVTl~NL, K2, LICHIBOBETHPETHV 2REICHETLAET I LD EL D
i2, RBFECEMT A HME LR,

2. 1 ICRP1990 £#E LI OB EM BRI T— ¥

ICRP1990 E#N {5 A SR EER; 1L 5 IEA S 5 LIEiid, BETHE) kv iisk, B+ iz
T OE S HEEE OEANVETE I, E£HE (Operational quantities) T# 5 ICRP Publication
51 DL E Y E (Ambient dose equivalent) (23T A ERBEFEM T — S PHVLRTE 7,
#EU4E (Dose equivalent) HiZ, BRIVRED ITHERHQZRLALDDOTHE, Thbb,

H=0D (2.1)

BB, B 2Dy ORI EIZ L 2 EWFENDRIT LT, HEBEEDOHRSHENRE
U EIC X 2 EWEN RO LR 2 BE IINFHRGED - DI LN R ETH
D, WENTOKPIZBITAHIANVF—f5 (LET) EMFEfHIosnTHhE,

I AIJVF—10MeV L FOFF RO 20MeV LA F o (24t L Tld, B 1.0g-cm® ® ICRU4 T0F
HRAKRSEMY "0 5 % HEE 30ecm DER (ICRUEKT 7 > ML LI TWE) OEEIZFiT R Y
—LDAFLBEOEE b len iR SMETOREEE Y E (2000 FLRIOESEFTIE L £ F 2
—MPUVREYE L DTN TV D, BITHESE TR 1V F A—- MUEEYEIIBEAREFMA
DEARELEIZOMbN D, ) HGEEHREE SN, ZOREREHREE U COREHREER L3
DERGIEK 2BV T ICRP Publication 51 D7 — ¥ AR &Nz, Thid, AMEAHUHR % &5
PRI R G EI, RN TRE N Bi#E R (Protectionquantities) Tdh b ENRE
L& (Effective dose equivalent) Hp i2le X T, FIFEELUENESESHAKRAICETMHT L L
PoFEHEE LTRSS TV S,

HE=ZWTZI:1T,R =ZWTZQT.RDT,R (2.2)
T R T R

DIT W AR AT IO MR, A STTRRIT RIS BHEE - AR T OF

PIMENETH D, T2, DrgldfirEfF RICL DRSS - HlE T OFBHRPHETH ). Qrg i
gy - AT NTOFYLREABRBTH S,
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I A VF =AY 10MeV LA E DK+ K U 20MeV LA Lot F izt 2 B8R EHEHIC o Vw TR, )
FHRPEER L O BRI EN T W RO ANV F-BRKE L E ICRUKT 7
YPLAOFHE Ien BEVETORELZICHRTEDHRELEO RS, FAIRELE3
BT ANV F— RO L ) ITRTH LB ERELEILTLOAO v, 22T, AT AVF -
HHRDOENCFHE T, ICRU4 THRHEMES MW E DR S 30cm DPEEFAR 7 7 > b LIFHTE
—LELTHHHMEPAR LB EORELUEDREST s bR ARELE 5 X SREBERE
*EEHWTE7:, ICRP Publication 51 Tid, 10MeV~20GeV ®¥k+-. 0. IMeV~20GeV DE T,
2MeV ~100GeV DH T F TF 60MeV~ 100GeV D T-124F L T A E L& = 5 X A HERE R H
BRI Tnb,

COFER. HLOENVEETE, B AVF B TIIPEEFR 7 7 > FAIZBIT SRR
BWELEZRAL KL AL R TIRICRUEK 7 7~ F A TOREBHERELE~OKEREFHK
PIRAL TV, TALVF—fICL o TRL2 277 v F 2RI T 2B EREHEEY AW
CEIED, BRI AVF-EHIIBITIRERBRBROEGESHIRT I o7, T, B
BIZE T, RAMBELUEY G XA LBESMENRL L7700, AMETOHIIHEENTFEL LT
ABEYELHAVDL I EIT#EY TRV,

X502, ICRP o 1985 4E/3) mHE Y ¢k, HHETOEYREI (Relative Biological
Effectiveness, RBE) \ZBI3 A2H L WiEHRIIIEZ T, PHEFICGT 2B ERR UHEH 2HICT5
ZEEEE L, RPOHVWTELHEERBRBOROPT, JoEER. BERROEEL
2T B R RE SN ERICE T RT B TR BUTHREAEEZOLEEE T,
WO FETFOZAALF—I2I6T, PHFICHTEMERHIBIZ 215 2> T RELE
ANV EFTREDDEITRIRE IR TV,

2. 2 ICRPI990 FEHFICAITHERR

REXRDOBELUBEDOFFMTHOTOAHRERKE, TARIPLEBRIITELZVLDOTH L,
B EHELRb 0L LIELIEME THRSh Tz, 22T, ICRP1990 £E1ETIE, b
DRI E PR T 5 72010, Tz ISR T EREASEA Shi, e AV /:EeEE - Mo
# & (Organequivalent dose) i UM IZE & (Effectivedose) EACRK N L H IZER I N7,

E=YwiH; =YX w;XwgDqp (2.3)
T T R

DIT o CRRRS - HLR T A B ARTIT R, B SR T RS L BB - AT 0%
it T b, £/, wy id ICRP Publication 60 THZIZTR S NGB ERETSH Y, Dry
EHERT R L A - MET OFIRIRE TH D, HERTEHRHOMIE . EREIS0
BHEMPBOBRIT 5 EORHBOEWHRILOMERET 5 55 1S IR TRIERL,
$7o. ZOB W MY B EAN RS RIE S0, AR DRE - MO T
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B, BHFICHNSREEEDIZ, FOEL—EEE Sh,

ERENOBREIRERMIABPTBHE SN LMLV B2 D, MRS SNDHEIIE
ZONDEGEOBIFELERLZOT, HERBHRROTELETT LW LEOREHIRT S
DHBED ) > TETWBJICRP H T RIS — %R (LT, (AP A& &5 T.).,
%7 — R BRE R, W RRE MR, RIERERGS S R UME FTRRE R R O BRI 2 5 T OB ST &
FIZOWTHEL TV,

WETR A BRI, AMRICARTR T2 REBOBEE 2 AV F -1 L T-RMWIZ5 25N TS
D, XF BETREI -2 i+ (6 HFEOZFVF -5 | BB FLUND L 1L F -5
MeV#BR BT ok, BORA, EEFEICE L TEEIREN TS, BETHAERE
AV IEMHE DM TIZ, ICRP1985 FE /3 EHIZ L 2+ OB EERHEZE 21512375 D
BB ERRICER SN TE ), BHINEDRELEII2HET LB 2V,

—77. ICRP1990 EENHLARETH B THW L N5 BELIHE KB OFHE T ERKEEFIHAT 2
A, REHREE LET L OB RE SN, FriLvQ-LEFREAWTEHETIE ICRUOEHE
SENRECBPFHT LI LR REEITHL, LWVHIERRELTNS Y,

2. 3 HLVWKEBREHHT-%

ICRP Publication 60 TIXEMRENE S, BEHHRMERR., HEFERKRY QL B
BEPTRINTVED, EFRERVF LV L BRIIESCHEELE~OKRSRERHE KT
RSN T2\, ICRP Publication 60 OF X HIZiGo 7B AN F—RHEHE I T L ENKE
NOBEWBFRESE C ORBRBEIZBVTEIE SN, £ O5HiflifEA% 1996 4 (Z ICRP Publication 74
K Y ICRU Report 57 & LTRAF| &Nz ZOHT, 0.0IMeV~10MeV D HF K U 1meV~ 180MeV O
H T D ZBREF SR 12DV T, UNZ 0. IMeV~ 10MeV DEF-D AP BERAFIZ OV T OB EHRER
BAREINTwAhB, LA L, ICRP Publication 74 TIXEZ ALV F—DOHKF, PHFRUOETFIC
T LHMEHRELRIEIRENTBLT, SHLEBTICHTAEAT—FbELRENTV W,

L A F — A9 4 ICRP Publication 60 DEX HIZib-> 7= H L W BB EERKO¥E
fi - SFMERC 1991 FEF L7o. MR ETHHGHKIE, ENVEKIIBOTEBIFKEFETF
BRUKF. M ERFICBIL2MERT L LTOETRIFGFTHD, FHETHEER, HL
CEBA SRR ERE T AV 2 ER#E R U ICRP Publication 60 @ Q-L BIRIZ#£T <
ENBEUETH D, &6, FEETR 77 AL ABEYUERCICRUERT7 7~ FAIC L
LIERORELRE D ML 7o, EANVERFIEIBICB T A5HMRE X4 BREDREL 2505, &
LAV F — BRI 5 TR E R UL L CBSTE A Tvr v, ICRP Publication 60 2k
T, BT BRI N T VSRR T AL F = ZOWTIX ICRUER 7 7 » R L DIE
S lem BB 2 FHWHBEEHQ 2 AT & o TEHET 2 2 L1 & o CHHE# R R I
B3I ENTEDLELTHAE Y,
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Q=—Jow)bmydL (2.1)
Do

ZIZC,DIL)AL IR E lem, T AN F—HF5HL & L+dl OB OB E, QL) ZES lem 23
5 L OHERKTHSL, ZOXELE IMeV OXF EPEFITER LAHE, BETHETERRD
BEMEFELEZVVEEZ LTS Yy RIETIE, B ANVF—OFHTRUOBTICEL THE
ERTEIYLL-BERBETER LT, 522NV F—-0F ST ROG FORSEMEREEO®
B 21T 572

ICRP Publication 60 LAREIZATHN KV — FLUNDE T 4V F —WFHE I T 2 HEHRE
FEETEOBIK% Table 2.2 R 2.3 138K T,

Table 2.2 WA 7 7 ¥ P A HOWIKREREFROIAKTH 5, KFICHLTUI, 1%
) 7® Istituto Nazionale di Fisica Nucleare(LAF, [INFN] &BES, ) 7V — 7A% FLUKA 2
—FY AT L OWEEESNIZADAM 7 7 » b A 510 % BV TRoK 100GeV  TOEMBE. £
MEYERPREGHRE~NOREMRBERZFREL TS B, 70, BREKED Georgia
Institute of Technology 7 )V — 7HSMCNPX 2 — K 9O L fEFE EN/A2PNL 7 7 ~ b A 9% T 2GeV
FCHOEDNEE~NOBEBRERBEFHEL VALY  ETICBALTER . AU TOINN 7 V—7
ASFLUKA T — F 2 A 57 A% IV THRAK 100GeV £ TOENHE R IEMREYE~OREHRERE
BT EEHICBR HROILK TNV —THECSE 23— NP LEIEENT: Christy 77 ¥ b
L ABEFGT 100MeV  TOEDRENOBRBREFHEAREL TS 557, hHEFICBELT
(. KE® University of Texas at Austin 7V — FALAHET 23— F T A F 4 B LEIE SN/ PNL
77 v b LEHWT 180MeV T TOEMBENOKEREHRIEE 20, F 4 OgH# T ERTERT

(GSF) Z')V—7HSMCNP 2 — F 30 & ADAM 7 7 » b 4 1632-T 100MeV if@%ﬁ]ﬁ%’\@ﬁ{ﬁ}ﬁ
BEREE ¥ A5 )T7DINN Z)V—THFLUKA 2— KL AT L2 HAWTERA 10TeV T TOEDE
ENOBEREEEY ¥, KE® Georgia Institute of Technology 7V — 7AMINPX 2— V%
F\ T 2GeV £ TOEMBRE~DORERBERE LV ZEH L T4, University of Texas at Austin
IIN—=TI L LBEREREOMIX, BT ANVF—FFNT— % & LT ICRP Publication 74 2
FRENTVD, 851, BFICELTIE A8 Y 7O INN 7V —7HFLUKA 2— KL AT L%
BWTHRK 10TeV F TOEMRE~NOBREBBERBAFIEL TWDE ¥,

Table 2.3 (X ICRUER7 7 » F AIC X B RIBELEH VT EERTIR 7 7 > AL L HHEY
ENORERBREGIEORKTH 2, AFRUBTFICELTIE, 41570 INN 7V —77°
FLUKA Z2— F3 A5 4 & ICRUEK 7 7 >~ P A2 AV TRA 106eV F TOREIRE UENOHREMRE
(X B EHE LTV b, PHFICE L TIE, T3 70 Institute for High Energy Physics,
Moscow (LLF. IHEP &B&¥, ) Z )L —7ASHADRON I — K 340 % BT 5GeV £ TOHBEHBEND
BMEBEREE Y, 415 ) TDOINNZV— T FLKA 2— FY A7 24 ICRUSk 7 7~ b oz H
VT 0.025eV 205 10TeV $ TOFUBELE~NORERBRE PZ2FHEL Twb, 51T, BT
WCBLTIE, 1 7)T7DINN 7V —THFLUKA 2— FLAFLE ICRUEK7 7 v PAXHVTE



8 BTRAE—RT - BT - PEF - BFITHTIRERAERNK JAERI 1345

K 10TeV £ COEBHELYE~NOBERBFEMETHLT0D ¥, 2D L5, KiFESHR- T
WA T RTOREHEAF LT, 10GeV (BEF DA 1006eV) I TEDHESEOBEMEFEH L5
BHLTYWEDWEAYYTOINNN V=T33 ThHb, 20720, KHFFEICL AFTEEROZ Y%
YRET A —FBRE LTINN 7V — 7L O EED R 2 B 247 - 72,

ICRP1990 4 #h &5 DHLY ARIZPE ) BT BEER 1L EF O ENEFEIZB VT, 0.01MeV~ 10MeV
DHTF R 1meV~20MeV DHET 120 L TAPBREEHICBIT 2 EBE~DOHREREHEH T HwW
I ENBRIN 4 PETREERILEEOERMNRICEZOHESRINT VS 9, T,
AR IR A ENVETBICB W TIE, HMRICB T 2 REHREBKEE RV ARNDOBS &
OBV EHIZIUETL ZLARETHLEEZONL I LS, REMOZFMEL 25 AP
BB EG COEMBRE~NOBREREAITRHA EN 9, —F, 20~ 180MeV DT RUOEF 233
5 ENHENOHREREHREII OV TRBGHHESEHIEEFOERIRIEEH I LTV, &
I AN F - RIS T 5 EDRE L AP B EHSLT LI RRKOENRELT T T L E %L,
BEEAFICL > TEDBRENOBRELBIIR LS, 200, BAOBRHEH M T 2HMERE
RO LEE % %o
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Table 2.1 Quantities for radiological protection.

Protection quantities Operational
Radiations qong peratio Q-L relationship
Organs and tissues | Whole body quantities
Organ absorbed
dose Ambient dose
D equivalent
Former (Dr) Effective 4
dose dose Directional Recommended in
evaluation Average dose equivalent 1rzc lona ICRP Publication 9
system equivalent (Hg) -ose
(B ) equivalent
I.R Personal dose
equivalent
Organ absorbed
dose Ambient dose
(D1r) equivalent
New dose Effective .
evaluation dose Directional Recommended in
Organ equivalent ICRP Publication 60
system E) dose
dose R
equivalent
(Hr)
Personal dose
equivalent
Organ absorbed .
Effective
dose P
ose
(Drr) E)
(0] ivalent
) rean equivaien Ambient dose Recommended in
This work dose . ..
(Ho) Effective equivalent ICRP Publication 60
L dose
Average dose ]
] Equivalent
equivalent (Hy)
(Hpg) E
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Table 2.2 Summary of dose conversion coefficients for high-energy radiations
obtained by using anthropomorphic phantom.
(E: effective dose, Hg: effective dose equivalent, Dy: organ absorbed dose)
Radiations Authors Code Phantom Quantity lrrad1atn9n Energy
(Group) geometries range
Ferrarietal.” | o M"ﬁ:r‘l‘:g n’:‘,gﬁ‘,M EH AP, PA, 50 keV
(INFN) p . "B LAT,ISO | -10GeV
(hermaphrodite)
Pelliccioni etal. ™ | FLUKA | Moditied ADAM 4 AP 0.122 MeV
(INFN) /MCNP | P 1 - 90 MeV
Photons .(.m ale)
Pelliccioni etal™ | o Mo“'ﬁgﬁtggAM . AP, PA, 50 keV
(INFN) P ' LAT,I1SO | —100GeV
(hermaphrodite)
Sutton et al.”" modified PNL
(Georgia Institute { MCNPX phantom”” E AP, PA, 0.05 MeV
LAT -2GeV
of Technology) (male, female)
Ferrari et al.”” e AP, PA, 5 MeV
(INFN) FLUKA MOd}‘)‘r:zg t’;EAM EHe | AT 1O | —10Gev
Pelliccioni et al.'” . AP, PA, 5MeV
(INEN) FLUKA | (hermaphrodite) E LAT, ISO ~ 100 GeV
Katagiri et al.””
Electrons . 0.1 MeV
I(J},I]?vk;:fo) Modified Christy | e Dri APPA 1 Hag ey
YeSLY) 4 EGS4 | adult phantom>?
Katagiri et al. (hermaphrodite) 0.1 MeV
(Hokkaido E, Hg, Dt LAT :
Uni . - 200 MeV
niversity)
Nabelssi et al. " modified PNL
. . AP, PA, 30 MeV
(University qf LAHET phantom E, He LAT. ROT - 180 MeV
Texas at Austin) (male, female)
ADAM
Mares et al. *” 16.32) 20 MeV
(GSF) MCNP pha(nr:::;l) AP - 100 MeV
Neutrons —
Ferrari et al.* FLUKA Modli;:zg tﬁ,],?AM E AP, PA, 0.025 eV
(INFN) p . LAT,ISO | -10TeV
(hermaphrodite)
Sutton et al.”" modified PNL
(Georgia Institute | MCNPX phantom AEAI;A’ 102%6\6
of Technology) (male, female) -0
) dified ADAM
Ferrari et al.*® mo AP, PA, 5 MeV
Protons (INFN) FLUKA phantom' E, Dy LAT, ISO 10 TeV
(hermaphrodite)
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2. REBRREEOBZR

Table 2.3 Summary of ambient dose equivalent and dose equivalent conversion coefficients

for high-energy radiations

Radiations (AGurth;s; Code Phantom Quantity Ergzzgé
. 36.37)
Photons Ferrari et al. FLUKA ambient 05 MeV
(INFN) I - 10 GeV
- ki) CRU Sphere dose
Electrons Ferrari et al. FLUKA equivalent 70keV
(INFN) 9 ~ 10 GeV
ambient
dose
Sannikov et al.*" ICRU Sphere or | equivalent Thermal
(IHEP) HADRON Slab and ~5GeV
Neutrons d'ose
equivalent
Ferrari et al.*? . 0.025eV
FLUKA ambient ’
(INFN) ICRU Sphere dose | |keV-10TeV
Pelliccioni et al. > equivalent ™50 Mev,
Protons (INFN) FLUKA 210 TevV

174
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3. AIEAHE

ALFR—= PTG AV F— BRI T 2 REREREE LT, EHHRE KT ICRP 0 1990
FEENED QL BRICEASWIEDRELE~NOBRBFREEFTMT A LI BDT, AETHE
IANVF —REHRICT 2B ERE AR A AT 2 -0 05T EB: L LT, EOREBOFME. A
WK 7 7> o, HITHEFMI-FP A7 4, PRFROETFOMEET — ¥ RUH —~<
BEICOWTIRRE, Q-L BIRICESC EMHRENEOER & FME, WEATOEIREFRK
WOWTIR TR S,

3. 1 EPHREOEREL ST AN F— GRS 2 ML

HE#R 2 BU) 3R O Heax DG HE T, ICRP PEXR T HP#E L ICRUPERTL2EMED
2ERDEVFRCONL EEX ABRPIIHESNTRETH ) BEHRIIZHETE 205
BHERAIPRETEINEIRSROABATORB AR TLILICINFMTE L Y, ERD
ICRP 1977 @G CTEIS SNPERIENREY E LS - HBOTHH/RELETDH D, ICRP
Publication 60 TEh & M/-PiEEIIEIRE L s - MBOFMMETH 2, K - MO%
flidREIE. AMERORRER - AT IHEETH ), EDHREIFELEIH T LH#ERT
bh, — . ERERZ. FHREAOHBEKIICE=S Y Y T D2ODETH Y, BEHICHT
LEBEIT)ZOIINLEMET 5, AEITIE, EEL LTOEDREOERLSGI ALY
— BRI § B Rl E BN B

3. 1. 1 BE: - M OFMiRE & EMHRE

ETHRBIEDBLA CHLA S 5 DId. AMEHNORESS - 0 1 SIZB0 2RI E T3k <,
gy - MBI D72 o TEL L, HIHROBEICOVWTHEL ZZRIIEETH S Y, #2 T, ICRP
Publication 60 Tid, BEEF X 73T NEMBE L 2. KX TERL TV 5,

HT=§WRDT.R (3.1)

ZIT, Drg i 3MEA X 7CI3HM T pCTORFM R ST L FHRIHEETH ), wy 13 ICRP

Publication 60 TH/IIR SNSRI ERBTH 5, AR ERROMEIL, BREICLT

LHERWEZEDOFRIZNET H L OBHFBROEWHRILOEENEST 5 L 51 ICRP TEITh,

Table 3. 1 IR T & Y IZABICAHFH T A BEMOBEL FOT ALV F (I LTHRA LN TV b,
T2, BURERTORT DIEL L ToOEGHEIIRATREINL,

E=YwH;=Yw;YwiDqg (3.2)
T T R

ZIT, wy ldEeE ISR T OB ERBTH 5, MAETEREUT. BERPEH %I
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B SINTHRELLELBIZIZBEORTIINT L, S - OGS X I = TH
W . ICRP Publication 60 Tz~ & N7 ALEEfT ELRE % Table 3.2 (2 ICRP Publication 26 T
EEBITRT,

3. 1. 2 WEKFICXLES - A0 THRIGEE DR

LA NVF —E,OFFEFF R 2hEEE - M T ICAS L, Fig. 3.1IIR$ & 5 ICEBEIC X 285K
BEREFTTIANF—%BEL, ZAVF—E Tl - T 20T HE, FERTF
RIZE DHEER - H T ORI E D KX THRA LN B,

EO_EI

M

Drg = (3.3)

ZITomidhEey - M T DHETH Do ey - MAE T HICHB T, 2 TOMERFIIOVT(.3)
ANEVBONLMEERETTHE, PHRIRED, 2 KDDL EHTE 5,

3. 2 ANKER77YMA

NEBEZS - MEROSMBED 5 VITFHIHRELELFET L0103, FHRgHREAETE D
— FIZAKO &ELT - HEOTREBARTCEAT AL LBLETH DL, KMFETIE, Cristy 12X
> THER & N7z MIRD-5 BRIDBABME7 7~ b4 825 LT, INIC X 200 - KEEHEF
VOB, QEEOEEOEN. RUOHEMEKIHME L ZFRREZROGLR L2b 0 ¥ % v
720 852, KIFRTIRABOEMEBDOEFILVOLEE, MEEE 77 > PAICHETALELT
o572 Fig. 3.2 AR 7 7 P A% RT,

3. 2.1 REDEMEENDEFTIVOLKE

ICRP Publication 60 Tix., I HMEICHFG T HMds - AL L TREEIEMSI N, £2
T.REYECL VKD 2 HOEE T o720 LT CRTHERE (x, v, 2) (SIREK T 0 AL
REEET D,
ORE T 2 HFET VDB

RIATEENSG Lewis bOHFETF VOV EHWCTAEETBEML,

(& faE)

X+(y-171<07* D F+(y-1.77203" {HL44<:<70 (3.4)
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(B ERFaE)

By

v +22<€07%  (0<x £10) (3.5)

X, = 0.7980x — 0.5686(y —1.7) —0.1995(z — 44)
y; = 0.5803x —0.8144(y —1.7)
7; =0.1625x —0.1588(y —1.7) + 0.9799(z — 44)

@BNETFVOER
BE7i, mAKTEREIN, MIRD-5 77~ PAETVIEBEFVOE@HA z & FITTH
BHH, Lewis HIZI M #MHZEMBICESEUTOL ) IhEImsd, ABELEATHEIIICL

f: 50)o
2 2 2
(ﬂ) +(.v_lj +(£J <l (3.6)
4 3 8
BL., x=0866x-4)-0.5z-36)

¥, =0.5(x—4)+0.866( z—36)
B, BEREOEHEKTIIB L L1,

3. 2. 2 WHEEF77MAKETLEE

ARFFEIER L AKIZIR 7 7 > P A Cristy 512X AR 1T0emDBAESE T 7 » b 412,
BYAME (FA), RHAME OIF) RUTELZETLMEEA 77 PATH L, ILEDEH
E% Cristy SORAZET7 7~ PG E LR ENOIEIZL 5ENCHROEEIZD
WT, 120772 FATEZOFHLLMEEZFETEH LIl

FLEDEFIVIL, Cristy 5D 7 7 FAICBWTIRRADEHKR TR EIN S,

s e e (G

CCC HBEONXIIBAEEROA LR L. E8A KU B & LTIEIRASEHENME20.0 L1 10.0

THWh, T2, x=110.0 ORI, y0=—BT,/1—(x0/AT)2 =8.66. z=52.0 L% b, B,

X DIEDEIIEDIEL, BDEIIEDIE.XERT,
MHEEEHLRT 2O, EHERD x, y, z FOOFHER2RT /ST A—% a, b, ¢ & Cristy
EFVICHSRTUTOI IS Lz, B2y FAZfFwTid, $1/2 &£ L7z,

Cristy M/ X — % . a=4.95, b=4.35, c=4.15
KFFED/8T A — % . a=4.86, b=2.00, c=4.06
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3. 2. 3 AFKHAROMHRK

Fig. 3.2 ICRT AR 7 7 &~ b 4L, 61 OB T - B3HHI L2 -THY, R T 1L
BB MEROEFE % Table 3.3 12/R T, £ 72 MIRD—5 AR 7 7 » b & WK Christy
ANEWAK T 7 2 P AT BIT A 3 MO ARSI EOTEE % Table 3.4 12/RT, MIRD-5
& Christy O AKX 7 7 2 b Ak, 3 2OMBT b Lo, MMEER SRS (EREE
LR, BREMGOREY) oKD,

MNEOKF% ED L BMEOERE L BT 5 & Cristy AMEFEAK 7 7~ P 41X MIRD—5 A
K772 POIHRT, SWEEESFEETH L, TOBERE LTI, BETLIHEILLLIHEENE
B (CEER) 28IL0, BEFLTFTLZ LI VEBEOREERZNEL Lo LEL
LND, AFFETIE, BT OREBBREGEEOI R L LTMIRD-5 AMERIK 77 v b ak
WA U 7z WL, AL B LR R U TR B B oD 17 JLFEH 5 % SR % Table 3.5 127" ¥,
7o WFISIE, ICRU D 4 JTTFED S % 5 A FEM EOTTEMR S R ¥, REF KT,
BA BB EEo Tna 7z, AHEEICKCTHBHERBOKRE MBIV —-TIZB LT
BY. £ TORIKEEFDFHIIAEEETH L BFHIFTONBOTEFIZA>TWVED,
HWIT<HBEFRICBVTHEMENICO AT A BB oMk e 28 L TRIRESS %
STETLZ L EREETH L, W EOFM T, %35 X 9 12 HETC-3STEP & MORSE-CG #* #&
HL. FNEFNELANVY —HEBREKI A VT —EErFHLCEHEL TV S, #2 T,
HETC-3STEP 2 — FOETE T, BRBOHRI X 2RIVEE 2 RO WRIEE & A% L
720 770 MORSE-CG T — FIZ X % I15MeV LN Tt 70t E T3, BHEBOAKR T — ¥ # A7
BERIZL D, BHEPTORRTRUOZKETO IV AREET L E L b2, B
O —<FBEEBHABEITOINI AR TLILICL), BRIEELRFTEL

3. 2. 4 MmEEEH

ICRPETIIABREIR7 7 » F A LT, TR 5BEOBHEGFFHEL TWE 5, Zh

SOFRETIE, RVE-HENRBEHTE - LICL 225 BHEZREL TS,

Al — % RS 5 (Anteroposterior, LIT TAPBREI&MH] L5¥,. )  BAROREICESR
DFED 5 AR S RO FH A O B [ - TORE

%5 —wi B4 % (Posteroanterior, LT [PA BEETGME] &5ET. ) [ HEOREIZEA
OFAHP S, BEHRAS B EOEE A5 BiE 18> > T O,

st &M (Lateral. AT [LAT BBB &) LiEd. ) [ GRORBMICEAD ML, K
EHEFFEOEME L IARE D S OB, S5ICAMEBETLILENH S
BEIE, BROLMED S OBEHE RLAT, SAOLEME S S BEHE LLAT &
T5,

OlERBE4T 4 (Rotational, LAF [ROT BSF&ME] L3id. ) | HEORMIZEAL LD L
TR FATE — LIS H RO BBE SN L BEHRBOT T, REDE ) I2 %
AT A& WL S 5 BRAT &

SHEE &M (IS0) © AL AR 472 ) DR F 7V T 2 ZADSHENAREE L % Bk B #5 2
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BT 5B &M,

AP FREF 4. PA BRST S04 B U LAT HaS) o113, B OME (23t L T & A5 RE & AME~D
B4 %A L . ROT BRESRMHEIL < IEAS - 7 THIARIE D © ORES L B - ARFIFOHT T » ¥ 42
B LANOBEEEBT 5, F72, IS0 BERAIIHEHES 2D L 5 LBEHOFEKANDIEE
EMTE S,

AT T, ST ROBTI L O LR 5 ROBH &I T 2 RERBRYE T 2
EEbIT, BT ROBFICH LTI AP PA KU ISO O 3 MBI AL T 2 M RIREHYK
% RS 5o

3. 3 HMIKHMEFFBEI—-FIZXT 4

B AN F — RGN I AS T 5 & ERARUGIC X ) SO KK %4 L,
L2 b ZORE IS - HOKEIITHRTKRELL LD IENDH D, TDD, B AL F—
BB OBERBEFREFMHT 5001203, PHFRBFAFTINFO A X7 — FEEREH
TOik, LT - BFTREMAIRATr—FEEOWFI L DTEL5E - FOPLETH S, £
T, A ETEEZANF BB ICL 2B T CHEFM A vo—1) v R
(Forschungszentrum Julich) THBiI3% & 11 7: HERMES (High Energy Radiation Monte Carlo
Elaborate System) I— K A5 4 VEHB LD EH W, AETE, B HERMES 7 —
NY AT LOBRE, B - HERTOREL IV F - RIEE, SMHREDEHiEE <5,

3. 3. 1 C(BMHERMES 2—F AT 4

CCRAUHERMES O — FY A7 KX B OEER UHEEROL 32— 3 v 29795 7201C
A OPEERICHIETAIVOPDIRTEYFHINOHEI—- P2 LERINETI—FY R
TLTHY, FOHKT Fig. 3.3127"F, HERMES 2 — FY A7 L4 Tid, B GeVOEGT AL F—
75 eV UTORIANF—F TCOLVI A NVF-BHOK T-OXB 2@+ LD TE S,
HERMES 7 — F ¥ 25 A CTHUD %)) BU# - K F O, #ho2fH ey FHhvuitEa— e
I A )VF¥F—gEM%* Table. 3.6 127" T,

15MeV LEDZ AN F—% b OohtEF, BT, EA 4 EOEE, T AVF—LEERUFY
WAL E DEFAiid HETC-3STEP o — F 2 Ti7\v>, Bds - MRS B T 2B TORE R T £
LI ANF—DENPLFHRBEYEYENT L, fERD HERMES 2 — F 2 2 7 L Cld HETC-KFA2
I—-FEHVTWA, ABFRTIEFETARY MV E L) EREICEHET 2 28 P8Rz M
AiAATEHETC-3STEP 2 — F & w7z, 72, I5MeV LT DT A L F— D RO KRG F O
H 13 MORSE-CG/KFA 2 — F ¥ CFlT 2 C O T AN F —SHM TRAET L RGBT ORI,
AEDIES - MO K E SIZHRTHEWT DS, BELAWEN TFVFOBTIAVY —%
MEIZEZ2A L) “h—<M “F@EA L7z, ZAIZKY, B - ETOFRFRUETFD
BRICABRIEIK7 7 v PLADO RIS - @0 —<BEEFERL L Z 8128 ) FHRIVE E % 57
Th, &6, K TFRUET - BEFOES, 3V F—ikEE R OTHRIGE = DM I BG4
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I—FxHW5S,

3. 3. 2 HETC-3STEP 2 — K TOitHE L &I ¥— DM Sk

HETC-3STEP 7 — FiZiX, ZH LZRROIBE SN EHBRIT L 12, MERTIZXAEEL A LF
— (depositionenergy) *HEH T LN DH L, ZZT. BT, M4, Ia—FRUEE
MBNUTFTOEAA LD EBEZANF—OFEHELY OBRIEHRI o 2B THOZ AN F
—ikAE. QEEFOEREINE) LAINF - ABE RO SN HE TR L B AV F— L&
P TRT

ORICHREZ » 72FHF TOZ A V¥ —ihE
BRI hREZ 5 72 i, BEARIC X D BAET 2 M BA T BE ORI I3 ET - ko
RESICHRTERTELEFENIVEEZLNLNDT, EFTANF—D RO - 35T
WikAETE2bDET A, LT, ZEBETERTL2ERF (). ZEBTF(t), He-3, He-4
(a) RURBMEDEA + 1L BEEFEZANVF—IIRATEE S,

Edpy = Epy X WTy (3.8)

I ZT, pri IR T OMEE (d.t.He-3, He-4. X Bk#%) %K L. Ed,, 13FL T prt DLEF AL F—
(MeV) B U B, (3K F prt OEFZ AL F—MeV) TH D, E72, W T 7 A NVBEHIZBWL
TATY) v 74 v FVEOGEIEBELY BV IGEOK F prt DEATH 5,

MEEcE DT, BT, M AR 2 —F L OBHIANEF DAy b T ALF
—U T o758, RUEKT AR TOESHIALF—HAHy A T AL F-DTFOBAIC
BT, RAfOREL ANV T —ILRATERE S,

WMo F . Ed, =E,xWT, (3.9)
H%E T Ed, =E, xWT, (3.10)

AL, PHEFAFENOLE L AN F—IL, BEPITEETLIMBRATIILA2EEZEIANF—DK
MEFERTHDOT, HLOFRFORELRINF—EILEELANLF—IZIIMA B2V,

NAA Y (7)) DEd =(E_ -1.OXWT,_ (3.11)
ZIT, LOMeV) B HE = ANF - KT,

NAF Y (n') I Ed. =E_ xWT, (3.12)

. L E - +106.0

Sa—A2(p ") Ed. :{“—H)gﬂ—x33.328—0.511}xWTu (3.13)
E . +106.0

3 — b +) - __ M

Ta=Fr(u) ! Ed, = x33328X W, (3.14)
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QUE R ORI A F -

BEERL FOBE B ORI, BEHTCOMM, BIERELR DBIRIC & ) 30— £k
+%, L L, HETC-3STEP 3 — K CHIEIEOBR LB b % 0T, BHERUTIERHO A%
A

WHPCTOBRBIEILELANTF 2B R AVF—HERETH L, AATRELN L,

Edpy = (E; — Ep)x WT,, (3.15)

ZIT, prt K TOHE posA A (xt) 3a—F 2 (x®)) #KL, Ed,, 3T prt Oik
AHIANF— MeV), E R E, (3R +F prt D& BRBRFERICE T 5 AFRTESFOERH T 4L F
— (MeV) . WT,, 3K F prt DEALATH 5,

ML EEEL X, HETC-3STEP 2 — F CIMEMMH O+ L b FORELOBRICEE T LI LS TEA
b, HPERRELIC & A KO &S = A L F— 13, BELRI MBI ET LI DT A, |
L., BEOEMEIAEEFOEEICE, H A — FEARBROMKICE T VIMERAET, #
T - A OEHHEHELFRRTET A VAT FVHAHVSR TV,

OB SN BEFHIZL A NVF—ikE

B ANE—DOIEMERFICL ) EFRAS RS 723541213, HETC-3STEP 2 — NI RBkE
FRORMZEHT L2 L33, RN oEH L AV F— RGP RE - B TLET
LI EIILTWD,

3. 3. 3 ECH4 a2— FTORBEZLANLFTF—DFMEHE

R HERMES 2 — F Y X7 A12BWT, &F. BEF. B FRUOPHE 1+ (29 oz
NE—LEEREEAIAT—FECTANVOEHEI— FEGH TEHET L, 20 b/ s1 4~
(3, EGS4 2 — FTREIEIZEFRUBEFICHIETSVDELT, BEF - BETOEELERT
bo T2, KTV TH, BT AER, 3V 7 HERUABEDRTERSNLIET - BE
FOBELEBHFTLHILIE), TANVF-RERLFHET L, LA - T, BG4 27— FTHHE
ENAIANF—EEEL, RENICIETROHRETICLADDTHS, LTI, EGS4 2— F
WBTA, B BETOXELALVF—DFHEELELT,

BG4 2— FTERETLET - BETFEMEOHEERD S &, GBS, Msller(e e) 8L,
Bhabha (e e*) BELO K RIETHELU=H v b+ 72 AL F— P FOKF (EHIEHRSOB ST X,
Moller BLELOB AT o #8) 13, A LRI 7-& L TS ARIER SR, Ay b F 724 0¥ —
LTORFIZOWTEEDOEMTLIALVF—LELLbDEALT, BFf - BEFLUEE O
HEERTHALEHAELL, BT ECEIRETOBMEDBERET, ZHRORTZLEOBHEERIZL S
HELTH ), EFOIFI VT HBRIIG I LEBIINS VD, M TOETHMIIKELEELS
ZB7®, Moliere DEEHEAMEH TR bR S,
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EGS4 2 — FTHOEFRUBESFDIANF—iLEIL, UTD28) OFETEHEINS,
O Ay bAZ7ZANVF-DEOETF - BEFILLDZANLF L

BEPIIBOTH Y A 7ZANVF-PLEDIANF -5 L 0BT - HBEFOIAINF -1
d, ASHRFOERENZ T A X —1858F8 L LT Berger & Seltzer (2& » TREINT:
“restricted stopping power” P DEZ HIZL VRN IkbNh D, BLANVF-—DEFIIL D RBAE
LT KRETY, SHOIEHZEZTOIETT LI ANF -2 b o THILSINIHGE (6L v
I INODETEIEHL W AEEM TN, ZOEBICZALVF - L REL LV LR D,
ZFIT, 50y FATOEAL D BNIVEROLAD I AN F —IHEREZZRE L /2 HILGEAS
“restricted stopping power” TH5b, T I T, AL, REREVSHEBHFEBOKE SIIZIBEW
EIBBTHHoTVAIANF—DIELETHE, TANF—EEKIHT LA UL, Bethe-Bloch
DR SN EDT TV 5,

@ By b A TITAINF-DUTOEF, BETRUIEFICLDZAVF—LE
BWERTH Y PAT7ZANVF-LDTOET, BEFRILTFICELTE, 204N F 257
P MF T ANF - TFIIo 2Bl BOWTIALF B LEDDE AR T,

3. 3. 4 HETC-3STEP 22— FRUTECS4 I — FIZ X 2 MR 8 & UM & o -l
HETC-3STEP =7 — FRUFEGS4 = — N TRl S M6 BB - Mk T I2ihE L AL ¥
— e FDWE - MBOBEEn THRTAZI LIV EHRIEED Z2ROLIENTE S,

D, =—L (3.16)

T, ABBSHRIC L B0E8F - M OFMHRE Hy g (3 TFRIRINHEE D 1IZEA T 2 BUETHRME
%i&WR %%Lf:%)o)fé)éo

Hyg =wg XDy (3.17)

3. 3. 5 ERIANF -t OLHRIHEE K OF i = 0T

CCRMHERMES T — F Y A7 L2 BW T PR TRRIEDT—5 7477 —DPEHEE LT
5 15MeV LT OFEFICOVT Ol - 0 EHRIEE., S¥HEEERTEHHRELEL
MORSE-CG/KFA 1 — N T4T ) o 15MeV AT DT & AMRREOT R & DAL, 58ME/FEaM
BELOBELSUS R U T/ ER FORM 2 H)RNRIETH ) . BRGSO SR T %
9 WML RS E 2 v S B AR HERMES = — F & X 5 4 d5 ) MORSE-CG/KFA I — N4 BvT (3.18)
RO(3.19) IR T HET LSS - M T (2B 2 FHRIUEE D, R VSR E H, 2 5EE T 5,

Dy =ZKT(Ei)¢r(Ei) (3 18)
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Hrr = W XDy = W LK1 (E)or(E;) (3.19)

ZIT, ¢ ENVRZANF—i BROPEF A NVF—E TORE - M T hoOVHpET 71T
YA, K (B I3RERR - AT O A — <R, w ISR ERKTH 5,

3. 3. 6 FEIWEO

I ES TR O Clid: - MO TIYRIURE & SR &2 O M ERET AW T EHRE
R P E AR E & FEMT 2o

ICRP Publication 60 Tid. Af#RR. A@ERE. ks, i, B. B, 7L, FFlE. &b, 7
WiR RO BRED 1 2 Ofds M L TRABFTERES ZN TG L5 Tw S5,
RITE. B KB a0, /NG, BRI, AP, Rl MREE. Bl & OFE=o 1 0Res - i3k o
s - RS LTE oo, MBFREREE LTO0.05 A"HINiRoNTwab, —~75, 1995 i
H SN DROPERHILIZBIT S ICRP Publication 69 Tld, #lD%FMiskaE * AKin LalL
K TROEMREL T L OTRLERIIAB LBFE TN TV 2720, RRETLRY
Dfdr - Mk e L TR L TR < 9faz L L7

F7-, ICRP Publication 74 Tlk, BERHIOAKIART 7> b A TEHRE S NS - HOHE
flidf & 5B R TP L 2 EIRE LR L T 5o AT, MBERFEDOAGHIKT 7 &~
PagkATwa D, BURTOMGOFMARE ZFE L. BEEN - A AL F-BICH
LTRLDWBOFMBEDOKEVEERA Lo ZORKR, AHFETH LGB E O HER
FRATHIND,

E= W gonads max(Heges Hovaries )+ X WTHT,hemwphrodile (3 . 20)
T#gonads

Z 2T\ Hyestess Hovarics (ZHHE . SIHEDSEMHEE L Hr. ernapnrocive IERE - ML T OMHRETH Y |
WIS TR H AT 7 b 2O THELZ A D TH Do W HERIROMMATE
R (=0.20) TH D,

3. 4 HUTFROETOMNERET— 5 KPH— <&
15MeV UTFTORBTFRUIAKRERTE L OHBEERICL Y EET S T RETICEL TR,

MORSE-CG/KFA 2 — F & ik F - KT OB EHEFIH L T, AMENORES - &0 THRIR
&, ¥MHERVTHRELEOFMEIT ). FETIE. 15MeV LTORZ ANV F -tk & -
REFICHTHWERET — 5. FHRIRE - FMEEZFMT 27000 — < FHOFMI< D
WTHkR5, 512, EGS4 2— FTHWALERT - EFOWEET— ¥ #E~<X5,

3. 4. 1 MORSE-CG/KFA 7 — FHH#%+ - SFHrmET— %
15MeV LU F O PHFRUHBH S L ORICTRET 5 KRAEFOERFIRICHCL20, hiEF
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100 R ONETF 36 BEOMAHTEE (BHEH o792 ANKEKT7 7 > M40 3EEOMKE (&K
AL, AR, BARR) R4 TE»O L5 ICRUKHMICOWTERm L, 18 (4 VF—
#iPH © 13.499MeV~14.918MeV) 55 100 #F (BfE, A LF—#PH 1 1.0X10%eV~0.414eV)
FCoOPMTFIEBE T — 713, \EET (C) DAo#sE - oFE (‘H, “C. “N, %0, “Na. Mg,
SIP. S, K, Ca. Fe) IZ0WTRREBEMET— 5t ¥ —HF - fERC L7z JENDL3.1 7—4% 547
T ) =8I RTNT B Y, Cl 122WTIEKE Brookhaven National Laboratory AAH[v& 75T
A - fERC L7z ENDE/B-IV 7= % T4 775 ) = ZHTnTnwb, £/, F18 (ZAVF—#
BH : 12.0MeV~14.0MeV) 22555 36 BF (A NV F —&H . 0.0IMeV~0.02MeV) T TOXFWEHBET
— %1%, KE National Institute of Standards and Technology (NIST) @ Hubbell ZA% 1989
FEIZENH L7 PHOTX 7 — 2 N— R IO WT Wb, B, BEBIESICIIEM & L2 ILH
ERENCEHEHERT A7 F) —]SSIDLDL—T 4 ) T4 =T BT T LV xHw,

3. 4. 2 ECH4I—-FRAXTFRUET  HEFHEET—2

EGS4 2 — FOXFWEET— 4 & LT PHOTX 7 — ¥ X— AL #7212 EGS4 72— FHICEMm L
ToF—4% WEk B\, t€D EGS4 27— FTiX, University of California @ Storm & Israel
AS1970 BB LT —% 94 75 ) —=SBHnH5Twiz, PHOTX 7— % X— A & Storm &
Israel DF—4% 5475 —LDONFHERET -5 DEVIE, S ANF-HETRIIEALER
LRI ANVF - TORERINCE SN S, ICRUBME TR E Lz EOME OFFWTIHE
a7 — 413, 10keV UUTF CEMEBICEI»LEZNHLBRETH D, AFIFETIIRHOMEARM
EN7PHOTX 77— & X— R D L RHEHET — 7 2 w7z,

EGS4 2— FOET - BETOMEET — % & LTix. ICRU Report 37% THEF - HEFDH
FEET— Z IR E T B NIST @ Berger & Seltzer DF—% 74 77 1) =T % Huwiz,

3. 4. 3 WETIIHTEH—<HEEK

H =R, B 7LV AOMBEEENTICL - THG 2N, WEHOD LEHEELENT
O ENEMERTOMHESH T AL F—0RNE, ZORBEZOEETE-/-bDEL
TEHK SN D, ICRU Report 26% 121X Caswell 52X % 30MeV I TOHRMUTIHFT 5 H — 4R
F—=8 5475 =R IR Twb, LA L, ICRP Publication 60 ® Q—L BIfRIZHD {1
BRFORERRT— 5 2 BAL T, BEURBCTEAMNT LAhHT I -~ BEEEHT L7720
WIS EE LTON —vRETE R L ERTERKIDEDE ST/ — Y RBEPLETH 5,
F T, BRAROREITFFEAICERS 2SR L7 KERMA 2 — F P42 T, 'HA5 Fe T
FCTH1RIBETOTET S — < 8%E % MORSE-CG/KFA = — FRIZ#HE L2, TOBE, 3. 4. 1H
T RHEBERARE 7 7 AV & LCORETRERFETYT— %, RURE SO PEGASUS
D= P RN BRBRNFOIANVF AT — 5 RV, 2L T, BFHDH—<vEHE
PONEEIR7 7 v b LR A 3EHOMSE (B, MR, S48 KU ICRU #kHldkIC
BITAHHET A —<FRERATER L7,
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Ki(Ep)= D a9 Y Ki(Ep.E)) (3.21)
i )y T

GR

Ki(E,) : ZANF—E OhET O - T 28257 —~RE

a; . BEZE - M THORET i DESHS

Ki(E,E) i TANF—E ORETDPRET 1 EBRGr 2RI LL ZIERSINLHE

KT ] ofah — < HHE

THbo Fig. 3.4 12 ICRU HRARRICBIT 2P HFICHTL - HBREEERETERMTIT L
BAEDEGERT HMUF T AN F—H7100eV L EDOBE IR AZEREFOFSVIENTH ),
10eVLLFTIXEEFETD (n,p) RICOFSALERIZR S, T7-, ICRU Report 26 D7 — ¥ H»
SEH L —<RRERBT S L, AFETOF— 513, KT 5L F —FHB CE/NEFM. 10MeV
LLETIIBEFIE R ORER T Cli/haF i, e LTLa/0GHIiE 2> Twbd, 10MeV
P EToORETh — <R 0B/NGEMIE, FEN AR RIS EENZTIER (. ERL
B TFOPHIANF-OEIRRTLIIDEEZZ LN L, 10MeV LA LD HM:A AGTERIZ AR
THMBRTDIFLF—ARZ bV (PKA ARZ b V) OFHET— #1340 7% L, HEDER)S
Foh b, AHFED L 912 15MeV UL EO T ASEEOHIE I BV THREICH S T 5 9%
Fid, AT ANVF—OREF L ZORERPETROEIED» LERBETRELPHTEE
DFEFHTLEZOND, PHT 7 — <25 F AV TEYRIVRESE L5 l$ 5 ik, 15MeV
DTFOPRTFIHLTTH 20, BEBETEATIPRTOZALF I MV LT TH Y,
FOIANFE—FHRTOPHA I —<FHOZBINSVI LS, ST RN F -tk ASHIAE
VRENDOFET I —VRBDEDOZERIRES Vb DEEZLND,

3. 4. 4 RFIHTEHI—<EH

15MeV LA F o HitE F- & D RS THET B KK+ MORSE-CG/KFA 2 — FR D 7 — < >
Tid, NIST @ Hubbell 2 & 5 NBS29 ¥ =% 54 75 1) —ht, BELANVF-BBEEK (4
p) KHWVIZ, BTZANF =25 10MeV FTOT— % LOFFIEL 2V T, LTRiHEfE 36 B
DETHROE2BIIHET S 10~ 14MeV F TOF— #1200V TiE 10MeV D7 — & TIRA L 72,
15MeV ST D tEF L DRIETERT 5 ZKEFOLANVF - MeV LT THE DT, TNk
P L BRBINEVLNDEEZ LN D,
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Table 3.1 Values of radiation weighting factors (ICRP Publication 60)

Types and energy range of radiation WR

Photons, all energies 1
Electrons and muons, all energies” 1

Neutrons, energy"

< 10keV
10 ~ 100 keV 5
100 keV ~ 2 MeV 10
2 ~ 20MeV 20
<20 MeV 10
Protons, other than recoil protons, energy > 2MeV 5
Alpha particles, fission fragments, heavy nuclei 20

* Excluding Auger electrons emitted from nuclei bound to DNA, for which special microdosimetric
considerations are needed.

® Weighting factors for neutron as a continuous function are approximated by the following
formula.

2
WR =5+l7exp{———(ln2:n) }

where E is the neutron energy in MeV.

Table 3.2 Values of tissue weighting factors (wr)

Tissue or organ ICRP Publication 60{ICRP Publication 26
Gonads 0.20 0.25
Bone marrow (red) 0.12 0.12
Colon 0.12
Lung 0.12 0.12
Stomach 0.12
Bladder 0.05
Breast 0.05 0.15
Liver 0.05
Oesophagus 0.05
Thyroid 0.05 0.03
Skin 0.01
Bone surface 0.01 0.03
Remainder® 0.05 0.30

a

The remainder is composed of the following additional tissues and organs: adrenals, brain,
upper large intestine, small intestine, kidney, muscle, pancreas, spleen, thymus and uterus.
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Table 3.3 Volume and material of tissues and organs for anthropomorphic phantom.

Region ) ;

umber Organ name Material |Volume[cm™]
1 Oesophagus Soft 47.122
2 |Brain Soft 1345.941
3 |[Left adrenal Soft 7.856
4 Right adrenal Soft 7.856,
5  |Gall bladder Soft 10.137
6  |Gall contents Soft 53.551
7  |Urinary bladder Soft 45.709
8 Urinary bladder contents Soft 202.620,
9 Stomach Soft 69.853
10 |Upper large intestine Soft 211.872
11 [Lower large intestine Soft 161.002
12 [Stomach & large intestine contents Soft 587.117
13 |Small intestine + contents Soft 1057.470
14  |Heart + contents Soft 734.294
15  |Left kidney Soft 143.986
16  [Right kidney Soft 143.986
17  [Liver Soft 1838.023
18  |Left lung Lung 1564.500
19  [Right lung Lung 1815.593
20  |Pancreas Soft 174.140
21 |Spleen Soft 60.607
22  |Thymus Soft 20.103
23 |Thyroid Soft 19.888
24  |Left eye lense Soft 0.918
25 |Right eye lense Soft 0918
26  |Front eye region Soft 10.903
27  |Rear eye region Soft 21.121
28  |Cranium Bone 617.827
29 - [Facial skeleton Bone 209.447
30 |Upper spine Bone 165.164
31  |Middie spine Bone 548.386
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Table 3.3 Volume and material of tissues and organs for anthropomorphic phantom.(continued)

Region . 3
umber Organ name Material | Volume[cm’]

32 Lower spine Bone 126.568
33 Clavicles Bone 54.366
34 Scapulae Bone 202.002
35 Upper left arm bone Bone 180.450
36 Middle left arm bone Bone 135.594
37 Lower left arm bone Bone 162.260
38 Upper right arm bone Bone 180.435
39 Middle right arm bone Bone 135.595
40 Lower right arm bone Bone 162.261
41 Upper left leg bone Bone 387.468
42 Middle left leg bone Bone 568.466
43 Lower left leg bone Bone 443.658
44 Upper right leg bone Bone 387.468
45 Middle right leg bone Bone 568.466
46 Lower right leg bone Bone 443.658
47 Pelvis Bone 605.871
48 Ribs Bone 709.763
49 Head Soft 2628.203
50 Trunk Soft 30402.652
51 Legs Soft 16820.303
52 Head skin Soft 263.073
53 Trunk skin Soft 1454.667
54 Leg skin Soft 1236.072
55 Left breast Soft 70.836
56 Right breast Soft 70.836
57 Left testis Soft 18.786
58 Right testis Soft 18.786
59 Left ovary Soft 4.188
60 Right ovary Soft 4.188
61 Uterus Soft 66.306

Total 78321.477




26

BIIAR—KF - BF - PHT - BTITAT ORBERRK

Table 3.4 Densities of materials in each phantom.

Density (g-cm™)
Material MIRD-5 Christy’s
phantom phantom
Soft tissue 0.9869 1.04
Skeletal tissue 1.4682 1.4
Lung tissue 0.2958 0.296

Table 3.5 Atomic composition of materials in phantom.

(unit ; X 10** atoms-cm™)

Element Slfeletal l-dung Soft tissue Red bone IClilU soft
tissue tissue marrow tissue
H 6.178E-2" | 1.804E-2 | 6.172E-2 | 6.462E-2 | 6.035E-2
C 1.678E-2 | 1.485E-3 | 1.139E-2 | 2.138E-2 | 5.566E-3
N 2.433E-3 | 3.561E-4 | 9.927E-4 | 1.506E-3 | 1.118E-3
0] 2.684E-2 | 8.487E-3 | 2.348E-2 | 1.702E-2 | 2.868E-2
Na 1.231E-4 | 1.472E-5 | 3.361E-5
Mg 4.001E-5 | 5.423E-7 | 3.668E-6
P 1.981E-3 | 4.658E-6 | 4.606E-5 | 2.003E-5
4.687E-5 | 1.278E-5 | 4.077E-5 | 3.869E-5
Cl 3.491E-5 | 1.357E-5 | 2.347E-5 " 3.499E-5
K 3.392E-5 | 9.112E-6 | 3.192E-5 | 3.173E-5
Ca 2.186E-3 | 3.112E-7
Fe 1.267E-6 | 1.180E-6 | 6.704E-7 | 1.111E-5
Zn 6.490E-7 | 2.997E-8 | 2.908E-7
Rb 7.708E-9 | 3.963E-8
Sr 3.229E-7 | 1.199E-10 | 2.306E-9
Zr 5.212E-8
Pb 4.694E-8 | 3.525E-10 | 4.589E-10

'6.178x10

JAERI 1345
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Table 3.6 Radiation and particles treated in HERMES Code system,
code names and energy ranges.

Type of radiations and particles Nclggzen(;ﬁ'lo Energy range
Protons (p) HETC-3STEP < 20GeV
Neutrons (n) HETC-3STEP S 20GeV

MORSE-CG/KFA < 15MeV
Pions (t*, ) HETC-3STEP < 2.5GeV
Muons(u*, ) HETC-3STEP < 2.5GeV
Electrons, Positrons (e’. e*) EGS4 Several 10keV
~ Several TeV
Several 10keV
Photons (photon) EGS4 ~Several TeV
HETC-3STEP < 1.0GeV

Heavy ions (A < 20)




28 B A X—RT - EF - PET - BFOHT IRERKEK JAERI 1345

Charged particle £,

Neutral particle

Tissue or Organ

Dr =Ey/mr
Hr = Ey0(Ey)/ mr

Dy =(E,-E)/m,
7 - Eoé(Eo)‘Ené(En)

my

Escape at energy E,

............... Neutral particle
Charged particle

Fig.3.1 Calculation method of absorbed dose and average dose equivalent in tissue or organ. (Dr:
Absorbed dose in tissue or organ T, Hy: Average dose equivalent in tissue or organ T,

Q: Average quality factor, mr: mass of tissue or organ T)

Brain

Oesophagus

Lung

Spleen

Pancreas
Kidney
Small intestine

Il

Ovary Lower large intestine

Male genitalia

Fig. 3.2 Anthropomorphic phantom of MIRD-5 type.
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n,p,ion(A<10) HETC-3STEP cod_e] Cj Qdata base
T, J

eety [BEGS4] MORSE-CG/KFA CZIQKERMA]

exited

residual
nuclei n(<15MeV)

NDEM ¥

n° v photon v

from

deexcitation

Kerma factor (p Gy cm”)

Kermma factor (p Gy sz)

Fig. 3.3 Components of HERMES code system.

10 v l L ' L ' L !3 L ' v
ICRU soft tissue (p~1.0gcm )
.— ------------- Tota_l(l CRI ]26) -.
Total(this work)
10° "H (10.1wo) -
b ——190(76.2w0) 1
10_2 f. -
d R — Y
T 14C( .1w/o)
C "_,r - ol eeme=e- N(2.6w/o) ]
107 N . .r""'rl PO I N R R
10° 10™ 10 10° 10°
]00 L] LJ L | J | ] | J | J | ] ¥ L) L J L]
ICRU soft tisste ' TotAICRIDOL . ee d
o | Total(this work) === T (ICRU26) _ 4
"H (this work)
0 e 5= BOICRIS)
5 O(this work) “
- - b(IICRU26)
ot I
] —
"C(this work)
0.5 g 5 2 2 1 2 2 4
0 5 10 15 20

Neutron energy (MéV)

Fig. 3.4 Neutron kerma factor of ICRU soft tissue.
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4. HFIXT LB ERERE

RETIRET AN F — BT 2 E AR O E Y 8 OB B R O FEAE R 1
VT B, KFOBEHBMERKA 1 L EHSIND I LD, KPR & 2 TIUHE & %10
BEOMIIELV, 270, RTFRUET - BETOBREREN 1 ThD I Ehs, BEETE
HF B0 KT Y OFGANSOBE, BT ASHC L 2R LT IRIEE S 2% LR B, 3
oo HTF-T AN F—HRIN L7 & & ORMBUSIC & 2 ICRP1990 4EBNE 0 Q-L BRI H#5 < i
B \DEFEHR 4. 2HTHRET 5,

4. 1 RFEDIH=E

4. 1. 1 EHHREOFE

3. 2SR LIRSS A AR 7 7 >~ b & ZFH VT, AP, PA. LAT (RLAT K UFLLAT),
ROT. ISO DEBATHRMICH T 5 HEEF - MEOFMAEE (FHRIRE L F L1E) % ECS4 a—
FTEET AL LB, KRS - MO SR E % BT BRI TEANT L TERMHE % FHb
L7, BT NI Y ADAFHF 47 ) DEDHE L Table 4.1 1ZRT . AFHKFOZFNL
F—iZ, IMeV, 3MeV, SMeV, 10MeV. 15MeV. 20MeV, 50MeV. 100MeV. 500MeV, 1GeV K UF 10GeV T
HbHo 1~10MeV D5 — # 1. ICRP Publication 74 IZEEE I N/ E BT A 72D IZ5F- i L 7=,
KFROBFDOH Y b7 ANF—F, THENO0. IMeV BT0.5MeV & L7z, % B, EBr i
VF—0.5MeV BT ORAZIL, KFTHO0.2em THY O, BE LG CEH T ANF—2LET
LlAhEh,

F72, AEOBEENF TR, EBPIIABEKRT 7 ¥ FPAEREL, BERERBIALGE
K777 PAAHTAEABIANF —OBNBHTHRL-) OBRELRAESINLDT, EXRPIZ
ANEER 7 7 2 P Z2BRELTO 77 v FAASFHTORBIFNF— DR AT H-) OHE
BRIBEALEDL RV, 72720, EBREOXTFOHIIL TR, ZRET REFIFEEL, ThbH
BABRICABIT B2 L ich b, IS, ST ANVF—LTFAFCIE, AMERIR7 7 >~ b 2aogjoze
SBCERDET VY T —DRBETH0 FOREIERTEL LD, 20 L) LHA I,
WEANVETEI L > TENMVEBRHFEDOABMBICBIT 2R THRE L DIZERETRET S5 KE
THRAFML., ThENAETRUOBETICRHTLIREBERBELEL C2RORELFMTRET
Hb,

4. 1. 2 EPBREOAFKFTANF—KEFEH

BAL 7 VI A0 IMeV~106eV AFTEFiCxd$ % AP, PA, LAT (RLAT K OFLLAT). ROT. ISO @
BRI 2 EHREOGEMER L Fig. 4.1 1R T, /4. MRS FLKA 22— Fi2& 3
Ferrari KU Pelliccioni 5 DETEAS R 5187 K U ICRP Publication 74 (ZFR# S 1172 10MeV ¥
TOEDREDEEZ RT o

AP FBEt St A B & EGS4 I — FCRIE LB 7 VI v A4/ ) DX FOEMKE=E L Ferrari
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KU Pelliccioni HFDFTBEMREMFTHRENT KT 5, AP EGHTIE, B2 ANF -1l b
(3 EAREHE#E R, Ferrari & U Pelliccioni DRI EM BRI RTHIIN IV, TOERI,
ANEFAR 7 7 v P ACBTAIEDETFTVOMEIIERNT S L EZON5L, KR THW MM
BEONHKT7 72 FATRE, ABOEGSELHDOANFIIKR T 7~ P 4D 1/2 L LTwD,
—7% . Ferrari U Pelliccioni Zi3BE# 7 7~ k4 ADAM IZHLE ., BRE R U FE O LS+ M
HRIAALTEHEEDONRIIR 7 7 Lo EFRHL TV 5, BARIZIE, WADORIZOAR 7 VA
ADIFEEDITTNE D

ICRP Publication 74 ISl E SN B 7NV A Y- ) ORXFOENFE LB TS5 L, AP
B RAEOHEEBRVT, MV ETOXTZALVTF - TEMAEDHER L B 5T 5, AP B4 &
ATlE IMeV 1T 2%#2RE, ICRP Publication 74 D& H /&, ZDOMEIL, Ferrari &
O Pelliccioni ENFEMEENHELF L, BV AREKR 7 7 2 PALLBIIA2HAENHID
HEIZLIBLDEEZ OND, 10MeV FKFTlE, £ THOHEYEMAFT, ICRPPublication 74 Ofl &
Db, SEOFEHERD 3~14% /M3, TOREKI, BB$5 L) L KEFREOEREDH

WEBLDELEHETE S,

4. 1. 3 %S - HEFHEEOENRENDEHFS

B2 - ASSEMBEEOESIRE~NDFS (w,H/Irw Hp) EAFETFZALF DM
xS RUEICFig 4.2 7R T, 2 TORBEHFRIAFEFIFALVF-TROKEIVEFS %
RIS - AT, METTERBRORO KAV AR GERIIMNE) Ths, —fHICEZ%
MNE—HTAFTIEART 2 REFORBIECERSAFBEIC I ANV F -2 LETL20,
XFI7INVIZ L ADKECASFEMFETROBIIHBENIKELS 2D, —H., BTRFVF—LFAS
Tit, I 7 b OHELE EFAHERIC L D ERT 2 ZKEFORIA S EL . EFIZL 5400

— kBT AT FOFERWE TR E 57020, AFED S OB BHE#IK X WALE TR
BEVRKELL D, 20D, 20~50MeV L EDE T AV F =K Tid, KRONEIZH LIPHE D)
PHRRACHIBEL DS REFHRICL DRI LFMERELZRT S

AP BSR4 T, ASPEFALF—omE & b2, ASREEFEIVETS5E. . B
KR, BEROFS WY . B8, WE, SEFNETLIREEMOFENER S, —F. PARR
B CIE, AP BRI L £ CEDFRIY R T, BT ANVF Ik 53 EE 2 EOFSHEMT

R ARIIZEOF SR LT EMBEEANDEFG AR S VI T 7238,
WORIHINET 2L DHE W0, MeV LTOET A V¥ —Tid AP BE KGO HIENER
HEYRL. TR EOSZ AN T — T PABHFHEAOAFBVERIHEZ /R L, 106eV T PA
A R NOEDREIL AP BEEFHOENHENWH 1.5 L 2 b,

RLAT & LLAT @ LAT BBSTSAE TR, ASIEF AL F— EHFEEVE 0L L ORI En
5o Efﬁﬂ?ﬁ*%k%ﬁ’% RLAT T, ROHBICHE T AHEOFS X, 2 A NVF D5l kb
FENE LAY BICERD L AST 5 LAT £FCid k&b, . BREOLEMIZET
5tb\ﬁﬁkﬂ®@ﬁ%mTomwutmﬁlmw#—t%kléRmrvuM®mﬁ#%@
BRE TR, BEMROKERKEZ b OoHICMNET 2 FIRRCEEOLHDOIEETICH HITEA LD
2SI 72 IO SR E X, ME2OOBEO LK E L EBEHEE 2 57:0 AP BHEEMAXR
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PARBBI MO E L 1) b F MR EAEINT %,

2 RILdH B\ 3 RITHICE JiHIZ BT S D ROT BRAS e R UF IS0 BRST SetTid. ASHET
TR F — EERR 7SO F 5 ICF IRV R S kv, BHIEAR LR ST 6 O
HEA3InA % 150 BRGH 41 Tl £ DMDBIE RN TEBRBARE (2 D720, ASPET
I AL F—106eV Tld, PA S EATORIKRERR &, £ TOME T 72 SHBOFMif 2 A 0
M iR TR& (2 %,

4. 1. 4 TRKETEXOZE

ICRP Publication 74 Ti¥, AMKEAY OEREDHEFHEIMILL TWEI L2 KETH L
EBIZ. TP RELILET - BETEIZOHTETOIAINF -2 AT L EEMU (H—~
) LESHELASHELTWD, L2l AETFOZANF-PRELLHERELICE
F - -BETOIANNF—DLEHL L), AMEPFTORENEL 2570, Ef - BBEFHPEELL
FOBTIRTODILANF -, LETEEV) A —IHBUIR D 7724 %5, EG54 a— FiZ X
HEGHEOETIRAWIITRETOHELEZERELTEY, V-V EUOELEL KETD
Wk ER L ENRELIETA I L TR EGSE - FIZBIT 5 — <L EIR. &
FOH Yy P T7TITANF—F ARKFIARANVF—ERUICTLIEICEN, BRELLEBETHEFD
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Effective dose conversion coefficients of photons and their statistical uncertainty
in different irradiation geometries.

E (MeV) Effective dose (pSv cm®)
AP geometry PA geometry
1 4.58 (0.4%) 3.98 (0.8%)
3 9.92 (0.5%) 9.22 (0.9%)
5 13.4 (0.8%) 13.2 (0.8%)
10 20.8 (0.7%) 21.6 (0.7%)
15 284 (0.7%) 29.3 (0.6%)
20 335 (0.6%) 37.0 (0.6%)
50 52.6 (0.5%) 70.6 (0.4%)
100 66.1 (0.5%) 91.3 (0.4%)
500 85.4 (0.9%) 124. (0.6%)
1,000 91.3 (0.8%) 130. (0.9%)
10,000 105. (0.9%) 147. (0.9%)
E MeV) RLAT geometry LLAT geometry
I 291 (1.7%) 2.97 (1.0%)
3 7.77 (1.1%) 7.74 (1.1%)
5 11.6 (1.1%) 11.8 (1.1%)
10 19.8 (1.0%) 20.5 (1.0%)
15 27.1 (1.5%) 27.7 (1.4%)
20 34.6 (2.6%) 359 (2.8%)
50 71.3 (2.0%) 75.2 2.1%)
100 114. (2.9%) 111. (2.6%)
500 175. (1.6%) 184. (2.4%)
1,000 204. (2.6%) 200. (2.3%)
10,000 265. (2.5%) 287. (2.9%)
E (MeV) ROT geometry ISO geometry
1 3.77 (1.2%) 321 (1.0%)
3 8.98 (1.5%) 8.28 (1.2%)
5 12.9 (2.5%) 11.6 (1.2%)
10 20.9 (2.1%) 19.5 (1.1%)
15 284 (1.8%) 27.0 (1.5%)
20 36.8 (1.8%) 359 (1.5%)
50 69.5 (1.4%) 71.2 (1.2%)
100 89.1 (1.2%) 105. (0.9%)
- 500 132. (3.6%) 175. (1.5%)
1,000 151. (3.8%) 196. (1.5%)
10,000 172. (3.8%) 287. (1.7%)
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Table 4.2 Effective dose conversion coefficients of photons and their statistical uncertainty
calculated with electron transport and kerma approximation.

E (MeV) . Effective dose (pSv cm?) _
with electron transport | kerma approximation
AP irradiation
1 4.58 (0.2%) 4.58 (0.2%)
3 9.92 (0.2%) 991 (0.2%)
5 13.4 0.2%) 14.4 (0.2%)
10 20.8 (1.2%) 23.8 (0.2%)
15 284 (0.1%) 324 (0.5%)
20 335 (0.2%) 44.5 (0.3%)
50 52.6 (0.1%) 113. 0.3%)
100 66.1 (0.1%) 242. (0.3%)
500 854 (0.9%) 1374. (4.4%)
1,000 91.3 (0.8%) 2875. (4.4%)
10,000 105. (0.9%) 30640. (4.5%)
PA irradiation
1 3.98 (0.0%) 4.06 (0.0%)
3 922 (0.0%) 9.30 (0.0%)
5 13.2 (0.0%) 13.2 (0.0%)
10 21.6 (0.0%) 22.0 (0.0%)
15 29.3 (0.0%) 33.0 (0.0%)
20 37.0 (0.0%) 41.3 (0.0%)
50 70.6 (0.0%) 105. (0.0%)
100 91.3 (0.0%) 232. (0.0%)
500 124, (0.8%) 1289. 4.0%)
1,000 128. (0.7%) 2604. (3.9%)
10,000 153, (0.8%) 27810. (3.8%)
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Table 4.3 Ambient dose equivalents per unit fluence of photons and their statistical uncertainty calculated
with electron transport and kerma approximation.
(unit: pSv cm?)

with electron transport ker{ma .
E(MeV) approximation
H*(10) H*max H*(10)
1 5.31 *0.09 5.31 +£0.09 5.22 +0.09
10.7 £0.11 10.8 *£0.1 11.2 *+0.2
10.2 *0.15 148 *£0.2 152 03
10 8.56 *0.15 234 =03 25.6 £0.6
15 7.94 £0.24 312 £0.6 384 £1.0
20 7.83 £0.20 40.3 *09 46.2 *1.2
50 8.08 *+0.35 873 %25 122. %3
100 9.72 £0.54 146. *4. 259. *7.
200 10.1 +0.6 223. 4, 595. *15.
500 11.2 £0.7 355. *9. 1622. *39.
1,000 126 *=0.7 438. *+10. 3233. *+78.
2,000 12.8 *0.7 629. *£17. 6152. *153.
5,000 11.3 £0.7 770. *=18. 16144, £389.
10,000 12.8 *0.7 881. *+24. 33175. x796.

Table 4.4 Ambient dose equivalents, maximum effective dose per unit fluence of photons and their
statistical uncertainty.
unit: pSv cm’)

Ambient dose equivalent : H¥*(d)

E(MeV :
( ) d=Icm d=5cm d=10cm d=15cm d=20cm Ma)flmum
effective dose

5.31 *0.09 |4.52 £0.06]3.78 *£0.24 ] 297 £0.18 | 242 £0.17 | 4.56 (2.1%)
3 10.7 £0.1 | 102 £0.2 [ 845 *0.19|7.66 £0.22 | 6.54 £051 | 10.1 (2.4%)
102 £0.2 | 141 £03 | 128 £03 | 123 *1.1 | 10.8 £0.8 | 13.4 (4.4%)
10 856 *+0.15| 22.7 £0.5 | 214 £04 | 199 *05 | 18.0 0.5 | 21.1 (3.6%)

15 794 *+0.24 | 28.6 =0.7 | 30.6 £0.8 | 27.8 £0.9 | 244 x0.7 | 29.3 (3.6%)
20 7.83 +0.20 | 32.2 *£0.7 | 40.0 £09 | 37.1 £09 | 329 %09 | 37.3(3.7%)
50 8.08 £035( 403 *08 | 676 1.2 | 81.2%1.7 85.2*2.1 | 752(2.9%)

100 [9.72 £054| 490 £1.2 | 86.6 £1.6 | 1i6. X2, 132, £3. | 114.(2.2%)
200 10.1 £0.6 | 553 *£1.3 104. £2. 152. £2. 181. %3.
500 11.2 £0.7 | 578 £1.6 115. 2. 169. %3. 238. £5. | 184.(2.0%)
1,000 | 12.6 £0.7 | 62.1 =16 124, £2. | 209. £11. | 271. £5. | 204. (1.8%)
2,000 | 12.8 £0.7 | 639 x1.7 132, %3. 223. *5. 333. x7.
5000 | 113 £0.7 | 639 x1.7 139. %3. 230. 5. 369. %9.
10,000 | 12.8 £0.7 | 643 *£1.6 | 133. *3. 240. 6. | 411. £19. 1309. £2.0%
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Table 5.1

5. ETFEATIRERAKK

Effective dose conversion coefficients of electrons and their statistical uncertainty
in different irradiation geometries.

Effective dose (pSv cm’

E (MeV) AP geometry (® PA gz:ometry
1 3.65 (0.6%) 1.94 (1.6%)
5 77.3 (0.8%) 13.6 (1.4%)
10 131. (0.7%) 40.1 (1.3%)
20 243, (0.9%) 114, (1.1%)
30 312. (1.0%) 230. (0.6%)
50 339. (1.2%) 340. (0.7%)
100 353. (0.8%) 367. (0.8%)
200 360. (0.9%) 382. (0.8%)
500 368. (1.1%) 400. (1.2%)
1,000 383. (1.5%) 429. (0.9%)
5,000 407. (1.1%) 473. (1.0%)
10,000 414, (1.3%) 485. (1.3%)
50,000 438. (1.4%) 535. (1.3%)
100,000 448. (0.9%) 571. (1.7%)

E (MeV) RLAT geometry LLAT geometry

1 2.25 (1.3%) 1.17 (0.7%)
5 891 (1.6%) 9.33 (0.5%)
10 21.3 (1.3%) 21.7 (0.9%)
20 69.5 (1.3%) 63.6 (0.9%)
30 115. (1.4%) 126. (0.9%)
50 210. (1.4%) 236. (0.9%)
100 324. (1.0%) 339. (0.9%)
200 395. (0.9%) 395. (0.9%)
500 460. (1.0%) 463. (1.2%)
1,000 518. (1.0%) 495. (1.2%)
5,000 652. (1.3%) 602. (1.3%)
10,000 703. (1.5%) 661. (1.4%)
50,000 862. (1.2%) 795. (1.2%)
100,000 933. (1.0%) 846. (1.1%)

E (MeV) ROT geometry 1SO geometry
1 7.15 (0.6%) 2.08 (0.3%)
5 28.7 (1.0%) 32.9 (0.8%)
10 60.6 (0.6%) 57.1 (0.4%)
20 133. (0.7%) 101. (0.7%)
30 209. (0.7%) 161. (0.8%)
50 295. (1.1%) 243. (0.9%)
100 353. (1.0%) 329. (0.8%)
200 385. (1.0%) 384. (0.6%)
500 419. (1.1%) 454. (1.4%)
1,000 446. (1.4%) 501. (1.4%)
5,000 507. (1.1%) 650. (1.0%)
10,000 537. (1.6%) 725. (1.1%)
50,000 630. (1.6%) 913. (1.1%)
100,000 653. (1.2%) 1039. (1.0%)

49
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Table 5.2 Comparison of dose conversion coefficients of electrons to effective dose and effective dose
equivalent in different irradiation geometries.

Effective dose Effective dose .
E (MeV) ~(pSv cm?) equivalent (pSv cm?) Difference
AP geometry
10 131. (0.7%) 131. (0.7%) 0.0%
100 353. (0.8%) 356. (0.8%) 0.7%
1,000 383. (1.5%) 393. (1.5%) 2.7%
10,000 414, (1.3%) 426. (1.3%) 2.9%
100,000 448. (0.9%) 460. (0.9%) 2.7%
RLAT geometry
10 213 (1.3%) 21.3 (1.3%) 0.1%
100 324. (1.0%) 329. (1.0%) 1.5%
1,000 518. (1.0%) 545. (1.0%) 5.2%
10,000 703. (1.5%) 740. (1.5%) 5.3%
100,000 933. _ (1.0%) 979. (1.0%) 4.9%
ISO geometry

10 57.1 (0.4%) 57.1 0.4%) 0.0%
100 329. (0.8%) 333. (0.8%) 1.2%
1,000 501. (1.4%) 523. (1.4%) 4.4%
10,000 725. (1.1%) 759. (1.1%) 4.6%
100,000 1039. (1.0%) | 1102. (1.7%) 6.1%
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Table 6.1 Effective dose and effective dose equivalent conversion coefficients of neutrons and their

statistical uncertainty in different irradiation geometries.

E (MeV) | Effective dose (pSv cm?) eqf\%zgr(;g\?sfmz)
AP geometry
20 403. (2.5%) 382. (3.4%)
30 439, (2.4%) 402. (4.1%)
50 424, (1.5%) 317. (1.9%)
100 469. (2.3%) 343. (3.7%)
200 475. (2.4%) 325. (3.5%)
500 644, (2.0%) 464. (4.0%)
1000 1070. (2.0%) 727. (3.8%)
2000 1420. (1.5%) 857. (2.9%)
5000 1710. (1.3%) 953. (1.8%)
10000 1790. (1.1%) 1070. (2.0%)
PA geometry
20 375. (2.5%) 345. (3.1%)
30 412. (1.4%) 359. 2.1%)
50 417. (1.5%) 315. (3.6%)
100 499. (2.5%) 356. (3.9%)
200 555. (1.4%) 362. (2.3%)
500 756. (1.2%) S11. (2.2%)
1000 1200. (1.0%) 744. (1.7%)
2000 1600. (1.7%) 941]. (3.6%)
5000 1920. (1.6%) 1100. (3.2%)
10000 2080. (1.2%) 1200. (2.0%)
1SO geometry
20 317. (6.7%) 295. (7.1%)
30 349. (3.4%) 287. (4.1%)
50 369. (3.6%) 280. (4.4%)
100 455. (5.6%) 288. (3.5%)
200 534. (4.1%) 336. (5.5%)
500 787. (7.6%) 502. (12.8%)
1000 1210. (3.1%) 690. (3.2%)
2000 1580. (3.8%) 850. (7.3%)
5000 2290. (4.0%) 1240. (7.9%)
10000 2550. (2.3%) 1400. (5.2%)
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Table 6.2 Quality factors averaged over body of neutrons for AP, PA and ISO irradiations.

Body averaged quality factor
EMeV) |  ap PA IS0 OPRe | wg
geometry geometry geometry '(Jlgz'fnfg;

20 6.4 6.2 6.3 6.8
30 5.5 5.3 5.0 6.0
50 4.1 4.2 4.2 54 55
100 3.8 3.7 33 4.0 5.2
200 34 33 3.2 3.7 5.0
500 3.6 34 3.2 34 5.0
1000 34 3.1 29 3.1 5.0
2000 3.0 2.9 2.7 5.0
5000 2.8 29 2.7 25 5.0
10000 3.0 2.9 2.7 2.4 5.0
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U CRIEE - MOSMBE LML, S50, B - MBOSMKRE + Mg ERKCE
IAHT U TR E & 57 L 7z 8000,

BTNV ADASETL7:0) OFEDEES Table 7.1 127 T, AFBFOT AL F—I,
20MeV. 30MeV. 50MeV. 100MeV. 200MeV. 500MeV. 1GeV. 2GeV. 5GeV & UF 10GeV T %,
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Ferrari & Pellicioni ED#HERDOH 2MEL > TV A, 3L I FEGHOMMHEEICE L TIE.
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FTRAERZRL TV, TRU LD AN F—TIEIHUEML TWn5E, 72, 100MeV LT T
i3 AP BB RATOEMHRELES, PARFEN TOEMRELEL LH>TWVb

7. 2. 3 BTEMHRELE~NORNTBOFS

Fig. 7.4 I AP RUTPA DBR BRI BT 2B FEMIBRBEYURENOHTHOFSEHE ¥ %, &
FIANF—IZOVT20oDHTCHEFNHEBOKE STRYT, KTOERIZ, BT, 22U
EDEAF S N4 F R 1MV LT OHFHFTH %, 7.1 DB TFEDRENDHFOFS
THAR7ZEH I, 19MeV LT OB FRUZAKEFILF ST ELHEUEOEGRELE~NDOFS
%, 15MeV LT OB HFOEFS L L TERT 5,

BFOFSIE, AEBEFE2EDT 20MeV TIEIT 100%TH 5B, BEA F /00T BB E R

D QE) HHFIHRTREN LD, EMREOBE L B2 D 100MeV BT 225 B F-0& 545

B LY, 10GeV Tld# 45% &k > TWnb, EA + Y DEF51, 100MeV Tl 5%FE T, 10GeV
TIL45% F THWML TWb, 734 F 2 DF 513 500MeV 80 H85F 0, 106eV T 5% 2/ ¥ TR
ML TVD, 15MeV L F OB FDOFG OB FZ ANV F =D R BIZ LA > THA TWD DS,
IhiL, BTl ARBERRIE TAR SN PR THHF AL F - L b 2wz 52
AL BT, 106eV T/8A AV EFBBED 5% E B> Twb,

7. 2. 4 BTEHRELOHEK
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LR e L E L UG ESE T (10) 2 BT 5 &, 16eV UL TREIHESE H (10) 3 EMHE
LBEZTES, —hH, EMHRELE L RAREYE Hnax ZHET 5 &£, 500MeV L ETHE N L
ANF—RKEERZIZU T D, BZANTF BT TIE, AMEEIK7 7~ F A AOES: - #io
FEBHEMRIEDNABIIRT 7 > P LR TORIHERBRELEFMITICRUEK 77> AT
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72 B RAX—HT - BT - PHT - BFIOHT SRBRBRK JAERI 1345
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H772 AT IniESRUBELENRAL 2IESTORTFIHUGEBRKER—HKLT
ZEenh, AHBEILEDEFO Qe ERBLIDEEZLN D,
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#Fike (NCRP) T, BFIIT 2HUHA ERBICET @R E2ITV, #2095 2 8%
RELTVD ¥y FBRIITREHEMERKE —/# 2.0 L LIZBEORTEHEE. ICRP
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Table 7.1 Effective dose and effective dose equivalent conversion coefficients of protons and their

statistical uncertainty in different irradiation geometries

E (MeV) | Effective dose (pSv cm’) Effecuv(;gc;sgrﬁg)u ivalent
AP geometry
20 744, (0.6%) 354. (0.8%)
30 1950. (0.8%) 732. (0.9%)
50 5140. (0.8%) 1520. (0.9%)
100 6740. (0.3%) 1720. (0.5%)
200 4480. (0.5%) 1170. (1.7%)
500 2920. (0.6%) 926. (2.0%)
1000 2930. (0.7%) 1110, (2.5%)
2000 3050. (0.8%) 1130. (1.7%)
5000 3360. (0.9%) 1330. (2.4%)
10000 3460. (0.5%) 1380. (1.0%)
PA geome
20 218. 0.1%) 82.7 (0.1%)
30 368. (0.1%) 126. (0.2%)
50 664. (0.2%) 206. (0.3%)
100 2670. (0.2%) 667. (0.3%)
200 4760. (0.4%) 1220. (0.7%)
500 3010. (0.4%) 937. (1.1%)
1000 3040. (0.5%) 1130. (1.3%)
2000 3220. (0.9%) 1270. (2.6%)
5000 3560. (0.5%) 1410. (1.2%)
10000 3680. (0.6%) 1500. (2.4%)
ISO geometry
20 253. (1.6%) 1. (2.1%)
30 582. (2.5%) 215. (2.8%)
50 1400. (2.8%) 417. (2.9%)
100 2880. (1.3%) 755. (1.5%)
200 4570. (0.9%) 1180. (3.9%)
500 2970. (1.0%) 945, (3.1%)
1000 2980. (1.8%) 1120. (5.8%)
2000 3150. (1.7%) 1220. (4.8%)
5000 3770. (2.2%) 1450. (2.8%)
10000 4200. (2.7%) 1790. (6.8%)
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Table 7.2 Quality factors of proton averaged over body for AP, PA and ISO irradiations.

E(MeV) Body averaged quality factor
AP geometry  PA geometry  ISO geometry
20 24 1.9 2.2
30 1.9 1.7 1.8
50 1.5 1.6 1.5
100 1.3 1.2 1.3
200 1.3 1.3 1.3
500 1.6 1.6 1.6
1000 1.9 1.9 1.9
2000 1.9 2.0 1.9
5000 20 2.0 1.9
10000 2.0 2.0 2.1
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THOIITIE LARERITHRTEEE LT, A OR AV TASROEET SR f prt iZ20WTE
Y5,

MG, e OMERERFZANT -y PF 712X ) T A NVF—DPRREINDEEE,
(3.9 ~B.UAFCHFMINIEELANF—EL e, & THE, PHRELEILRAU LA
> TEtET %,
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Hr =% Q,,(E)x—L (A.5)
prt mry

ZIT, QuE) BT ANF—E &b OWMENF prt OFHI LR EAR, o 356 - HE& T &
BETHb, TOHHFE. ETOMER T pri FEERERITET, BELLEZOHH T ALY
— R TRCKET D, HeDMEHELOEH AL, BELS N E KB L L T kv, 2035
PRSI ANF -2k ETEHLIDET S,

L7=A5o T, Bass - MR T COMERFI2HT A (A.3), A RTFASRICLLEDEFH
FHBELNEE LD, BB, PR TROLTFOFRFENFIAG L2HEE, EROPEEFD
BAHERREFEERAL URERFEREL TS, LEOFETENS 2 BH L CRYEE
LE AT %,

Ao 1. 4 B A VF-—piEFoOF9KRE LSO
MORSE-CG/KFA = — FiZ X % 15MeV AT O EFI120d L Tid, (A 6) TR HET, ey - 4l
MTIZBY L PHRELE A, ZaF i 2,

Hr =sQ(E; )Kr(E; Jor(E;) (A.6)

ZIT, ¢rE)RZANF—| BEOPEF L ANF—F TOMEE - ik T hoFhtr71 T
Y ALK EDISIRRR - MR T o — <3R5 ROQE) EHPHFI3 T 52 IR ERKTH S, ICRP
Publication 60 Tix. ICRUEK 7 7 > FLAHDFEE len BT A2 FHHERBRQ L EHZL TV A
M, ZOBITETFAICRUEKT 7 > PAIZAE LB, ICRUEK7 7~ FADES lem (LB TD
HHFANRY FVERBL7Z2ODTH L, —H., QE)IZEH L TV LEHITHOEBIANF—D
HPEF IS B PR ERRTH 5,

WEBBHTEAMPT L - RBIELARTEET S,

QENKr(E) = D> QE DK T(E;) (A.7)
L

ZIT, QEG EERIE r TRAETAWMENF ) OFH T AT BT AMEN TS
F T ICRP Publication 60 ® Q-L BI{RIZED CEMMLBEBRRTH S,

A. 1. 5 ZEWRELEOFM

R T O N7ChEs - RO TR ELED OB ERRET BT, ENRIRE © 7
%o MERFTEREIZ DOV TIZ, ICRP Publication 60 DfEZ AL L & B2, K DR UE
TRF OREF OB FIIEREOFM OB E L AKTH 5,
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A. 2 TIEKTOTFIHRERE

ICRP Publication 60 MHLN A & O EAWEFE TG ERBUED CERHE D
e 7 Bh BT A F — S I A BT ERBDHE L TVa LiZWn iV, 22T,
ICRP Publication 60 @ Q-L BRIZHD EBEUEFRABICHFMT Lo LIck Y, EEE
DEFM DT HLENDH L, FETIE, BELEONLILERET AL F —HBHTOF
KRR Ol = X5,

A. 2. 1 VHHEEEBOEHE
ICRU Report 40V 1Z3BW\T, BRI T HiMer - kP o — Sl B 2 PR EREQ A
*ﬁf%%éﬂf:o

fy QL)D(L)dL

= o D(L)dL

= % Jy Q(L)D(L)dL (A.8)

2T, LIZMERFOKRTO “unrestricted” M ANF—{F5THs, D(L)IE L 0K
TERENDLIBEIEESATH ) WIEEZD &35 & D(L)=dD/dL & &%, F7:.Q(L) i3 ICRP
Publication 60 TEE SN/ Q-L BfRIZEDCHERETH 5,

AHFFETIE, WEHF RV ANF —E THE m DT - MR T ICAS L CEMRBLEBRETE
IANLFE—%ZFOEE - QTR 7B AIIOVWT, TALF—DEL L LT TOEHNLHE
R TR T IO 5 FHMBEREQr &MU, KA THKI I L ET S,

1

QR =
Ey/mqp

Jy 2R Q(L)D(L)dL (A.9)

IT Lol 3 AT RALANF—E 256 0 F TEREMISHEINLLE D, “unrestricted”
RILANF-HGORKETHL, SHII,

D(L)=Q=LE (A. 10)
dL mq dL

. AREBHBO LA NVF-EDEHE LT, KATRT I ENTE D,

Qg =— f Q(Lg (E)E (A.11)
Eg

22T, LE)E, =2 ANVF—E OMENF R ORI TOHEHIEGE»SFMI NS
“unrestricted” ZBIZANVF—{5Thb,
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A. 2. 2 FHBRERROIE
IANE—EOMBHTRISHT 2 Q13 A 12)RE 1 QL) & LE)ALFETE B, AWFE
Tid, PHFRUBTFEABICAS LBS, AMKEHERT 2R TES 285E T oREN %
TELLERTHEEZLND 186 OWHEMF. /S F Y RIFI2—F YIZ201TQy % 1006eV
ICOMBHTHEOI ANV F—OBKEE LTEHE L. SHEUROHENFO—E% Table A1
N N S

LE IZoWTIE, LFOFETIHE L,

@ BFIZ2oWTid, ICRU Report 162 THORTF7— Y DEH 22— FTHhs SPAR 72— F ¥ % v
7o SPAR T — FO{EIZ, 1keV 2*5 10GeV DI 4 )V F—BBIZB W TIEIZ Janni DT — % YD
MARHEANICH S L L DI, EREOREHEANICH D, 25T, ICRUReport 467D 7 — %
BHIZHWHNTWS RSTAN 32— F O0fi e biivy, B FOMIbEET— 7 25tHE T3 50—
F& UTSTOPPING Z— N "4 %25, DRI Janni D7 — ¥ RUERBE OThHSKE
Vg

@ LD EVEBROWERNFIIOWTIE, 10MeV/nucleon LT D X 4 )b ¥ — 381K T STOPPING
a—F%, FRUEOT A VF—FHIE T SPAR 27— FE W/,

@ A A R Ia—F L IZo0TE BTFOFEHEREZRNICL ) BEEMIE L EE AW,

S¢x(E) = S¢(E—2) (A.12)
m1[

S%u(E) = S%(E—2) (A.13)
my

IIZT o m, m,. m EBF A YR a—F OBHERE, S5, S, S, T XA A
YROPIa—F OHEMILETH L, 5FEICHVLELEEL, ThEh

m, = 938.272 [MeV]

m, = 139.568 [MeV]

m, = 105.65839 [MeV]
Thb,

Q-LBARE L Tid, Fig. A. 1127”3 & 912 ICRP Publication 60 T/RENIZRADOBEFRET AV
776

Q=1 for L <10
QLy=032L-22 for 10 <L< 100

QL)=300/yL for L > 100 (A.14)

EiRoXFHVL L, L=100keV/ um DS THNPIZ Q DENFAERR L % 5, 51E L MBOKDS
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Rb AT 1=100.426 THA7®H, MBEDORDO3IE S % 1-100.426 & LT, Q-L BHNAFIAH L
2o ZORR, QDEFMEHERTE,

(A 1DRUCE DL QIE, ZANF—HBODOTRIEN 0 THAH7-O, MOTPNIWVEIIHT AL
DEPLRE D, LEPLEDL, BEENLIFEERCBENTELRVOT, KD L) A TE
"wL7,

AEq) = —— EO QUL(ENE
Ep

= L, + o Quie e} (A.15)
0

CITRHBO TSI ALVF—E UTRHIELIEEIC 10keV/ um AT TH Y, ZDHEE Q1.0
THLEREL, ONSE FTORTEE FTE FTOETD 2EMIZHTIEELIT- 7,

A. 2. 3 EHHREBRHOGFEHER

KHPIZET L SEHER TR/, F > OFEMIEE L AV F—0BFR% Fig. A2 IZRT,
B RO/ F > OFEMIEAEIZRATD 100keV/ um TH LA, FRoH L) BEBWHERFTIX
100keV/ pm & D KELEEMILELT R T I LD D, ZO#HFR. Fig. A3DQELEZANVF— DR
FRISRTEIE, BTFRUNSAF Y TCRE—-OE -7 PFEAET LD LT, BOHEKFTIE
20D = HHFET S, ThiE, BEOHEHFTIE, B AL F—f55% 100keV/ yum fFED
QLEROEY -2 2 2MRETHILICL D,

Fig. A 412, BEMERT L/ /M4 0D Qg 27T o Q IWMERF2EET 2 T TOFHHL
HMERHETHD, Fig. ASIRTQIIHART, U=V 0EIMRLELL 2D, ¥—=27 X)L F—
HREVIHEIZZQROEIKEL LB EEDII, K= LN ZANF-IhSVHEIZIEIQ{R D
B3 <5,

F7o. Fig. A4 ICHIHD Q-LBRICEDCBFRUERS6 14 D Qg ¥R T o BV Q-LBERT
W, Figs A ISR & 9 1K F OB fEAT 3. 5keV/ um LT T QA1 | TkeV/ pem T 2, 23keV/
umT5, 53keV/um T 10, 175keV/pm A LT 20 TH B, D35 A. ICRP Publication 60 @
QL BFRIZEDQp i, HV Q-LBRICES Q2L o TWVAEY, ZANVF— LD
BRIIUT VD, —~F, K56 14 DIHE, d\vQ-LBEHRIZHET S QpA¥ IMeVELET 20 £ 11—
ETdH5HH, ICRP Publication 60 @ Q-L BRIZED < Qg 1345 0.005~0. 6MeV O L F )b F — FHIHK
K U9 50GeV L LD T AV F— RIS Tl v QL BIRIZED { Qp L D EMITKE { %2 5 A%, 100MeV
26 16eVOTANVF—EHETIEIHEID 1 L4 5,

A. 2. 4 TPHRERBRTERAMI LHPHRFT—<HE

ANERIR 7 7 > b DAEBIE F ORER FRICHIOER )7 — VR BT B FOQ 2 %L A Z
&12& ), ICRP Publication 60 @ Q-L BRICE SV BEAFRMTEATIT LIchETH — <%
BERATER L,



JAERI 1345 HREE TR 95

QK1) =Y a; D > UEDK(E,.E)) (A.16)
i j T

(K}
(R}
A

QK(E,) | T ANV F—E ORHTIZ & BRI THER S N7 T ER T OFHHE R QE)
TEMTT OB - AT ICBT 5P — <R
a, . E2F - HETHORT i 0EEHE
QE) I TANF—E, OFERT | OTFHHREHRK
K, (E.E7) : TALF—EOhPEFHEF | EHRIEr 2RI L L JICAERSNAHE
KT ] ORG 7 — <R
Thb,

Fig. A.512, ICRU @ 4 TESHMALESMPWE (LT [ICRU MKkl &I1E5,) ORERBTEAR
fHF Lo T — R A AT — < RECTRR L TR 72 ICRU dkAHLER 0 P 13 B AR
B O X T o MEARBIHTE2EASEETOFRTH -~ THLZ &2 5. ICRU A
BED 0pn (E BT AN F R TIIAFERT, BRI INF—HARTIEIBERE T TD0,0m &%
Bo [FBIZ N4 BT #0380 (PTB) @ Schumacher & 8 K U University of Texas at Austin
7 Nabess| & A3E H L 7= ICRP Publication 60 @ Q—L BAFRIZED < 0, DT 6 Schumacher
5 & Nabessl HDF— ¥ HE—FH L TV B DICHRT, KFFEDQ,,,,, B 10eV~1MeV TFE -
TWwh, Fig. A7TI2KE, KE. ZERVUBFEFOZSEFIZBT590,,,, 7~ TH5, Schunacher &
DF—F LB L THEZAVF LT TN, ..\ BN HEIebh b, KHEDOKER
UREEEFDQ,,,.. PABHF L ALF—TIZIZ 1 IHEVOICHAT, Schumacher 5D F— 4% T
320 L REWVEER LTV B REZERVEBEZER FORPEF AR — v FREICFS T 5 e
N L R O SR I X 2R BORETH )  FORBEL AL F—dh S,
IANF =N SVRFERVCERRE T OHRMILGEEDS <. FRISHIE LZBET O Q,,,,,., &
1 123KV Schuhmacher 5 i, FREHO KB U CFIOHERE % 20 (SFRE L TV A alREHEAS
Hbo

A. 2. 5 1MeVUITHUFORELEIEIZEL 2 KMET — 5 ORLHRET

ANEFAR 7 7 7 P AR EOFUAF - KT OB EHER. 7 — v HRERUBRERETERMT
FLAHTFH—<REROBEF— 7 DEBEE RN T 272012, BRER7 7~ b A
B ICRUER7 7 > F 2 ICRP Publication 60 @ Q-L BAfRICE S HELEFFTE L XEEE D
B xiT>72,

£ % 30cm @ ICRU 8kl & % A HERFER 7 7~ P AP HFAEBEICAHF LA L EZD IeniE
STOHRRFEZRETORIEE, FHTFOREBEYENERFE L Fig. A 8IIRT, FHRIL,
2 BEOMER (RETER L /2P T 100 5 - £ T 36 BOERROBRRGTEH AL Md
¢ L72MGCLI37 BN EH T A 77 1) —19) & 1RTLS, T — F ANISN-JR'VTA7v | #HEL AV F—
WiEAE S 41 77 ) — P EMNP 2— F W CEHELAEREEB LA W, 3 BOFERIZL S 10keV
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PEOREFAFHEOWRIHEERUVBELET—H L T b, 10keV LTOHRMT AHBOFE
Tid, BltE L LR A0 E R MELEORRIT, ZAEEAHA 0 MGCL = %> MCNP
HEOHRIIHARTIAS R oTEY),, BBHPHFOMYFCPBRI ANV F - TEREIIL S
ENbh b, ZRNTFOREDE/NGH S BT OB/NGFRISER L TWw5,

BRER 77~ P4 IemESRCICRUE 7 7 > FADOF# b leniES TOHEY Fig. A.912
Yo ICRUEK7 7~ PO FH L lem iR S TORENFTEX, TS 100 8 - KT 36 HOEH
E2KRIES, I— FDOT3.59 2 VT K77 > FLA 2R FE0RE L A OESHTELL ., ik
IAVF—HREET A 77 —& MNP 2— FTOFtR&ER B L W, PEHETORIHEE &
BELEE BRI 77 AL ICRUEKTZ 7 FATIRIZHE L > TWVAH, RETFICHE
LTIHERTER 7 7> PADHNICRUER7 7 > PAX D AKEL R TWLIERTER 7 7~ b 4
R FOFFTE~ LD AFT L2 &, ICRUER 7 7 & P AICHARTTRETFORET B HEEHIK
E{, TRAETHVPRFIIERTT 7 7 FAPETENIAZVWOT, ELETEEIND
HEEZOLNDICRUEKT7 7~ A FHE lem (TE TORMETF & 2T & ORIGEE D % 3
MkfEi & & L 12 Fig. A.10 127”9, ICRP Publication 51 ®fEi. K4 2 ® GSF @ Leuthold & ' K TF
Nabelssi & YDfEIZE<B L MNP DFERIIINSDOT—F L —FHLTWwb, —F, BEE* 18
TH DK -7:D0T3.5 T — FIZ X BRI P FROBNFHEIZ X Y REMSBRI A LVF— T
ANEEAE. F 72, 10MeV LLETH T — <R E O/ NGFC R L CREASENGEM L 2 - T
Wb,

ICRUER7 7 » P A F# L 1cniE & TOHRHET L RN FOBRE SO % R EDOF TR
Lz ASTAHFIZ oW TOEDW 2B ERECE Fig. A 11 12”725 DOT3.5 2— F& MCNP 22—
FIZE B#RIZIFHE LWL R L TWw5, ICRP Publication 60 CIIWRIE & (ZHETHRE T E R
How v LU TES ABOSHEEL ROLIEIIE->TH Y, AFPETF T 5 BEHERE
FED PSR BR O ZFOEBHE T R 5N T WD, AR, 100keV LA ED ASHHT 2L
F— THRSHETERBEOELDHEE —B L TWb, 20X )12, 100keV LA E DS tEF ASHIx$
% ICRP Publication 60 ? Q-L BRICEDS (BREYURDHEITLELHEBBMTEARAFIT Lo
WAH — <R ZU LD N TH LI L H R TE . 10keV LLF D AGHRMFI23d 5 £
RRBERBORERIE, BEHHRAERBOM L /S L B3 E v Q-L BfRIZ D { ICRP
Publication 51 D#ER EE DL S LV 15MeVIL EOE I 1)V F — i+ AGTRE O $IE < FEMIC X,
NEFAR 7 7~ FINTO 10keV LTOHF BT X ZHE YV E~NOFSIL/NZIVOT, WIHEHE
R EBREFRBDOECOREBIINIIVEDEEZ LN,
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Table A.1 Objective charged particles for calculation of averaged quality factors.

Charged particles

No. of particles

O 0 N N AR W N

BNON NN N N N = o e e e e e e s e
A L AW N = D v 0N e W= O

'H,°H, *H

*He, “He, *He, *He

®Li, "Li, *Li

'Be, *Be, *Be, '“Be, ''Be

SB, 9B, IOB, ”B, IZB

lOC, ”C, 12C, UC, I4C

BN, MN, lSN, l6N, I7N

140’ ISO’ I60, 170, 180, 190, 200

”F, IBF’ 19F, ZOF, ZIF, 22F

lSNe, IQNC, ZONe, ZINe, zzNe, 23Ne, 24Ne

21N a, 22N a, BNa, 24N a, 25Na

23Mg, 24Mg, 25Mg, 26Mg, 27Mg. 28Mg

24AL 25Al, ZGAL 27A1, ZSA], 29A|, BOAl

ZGSi, 27Si, ZBSi, ZQSi, BOSi, SISi, 3ZSi

29P, SOP‘ :”P, BZP, 33P, 34P, 35P

SOS, :”S, 3257 335, 34S, 358, 365’ 37S, 385

Bel, ¥a1, *cl, *c1, al, *ci, *cl, “ci

* SAr, 36Ar, YAr, 38Ar, BAr, 4OAr, “Ar, 42Ar, 43Ar, “Ar
37K, 38K, 39K, 40K, 4IK, 42K, 43K, 44K, 45K, 46K, 47K
“Ca, *'Ca, *Ca, “*Ca, **Ca, **Ca, “®Ca, “'Ca, *Ca, “Ca, Ca
2S¢, S, “Sc, “Sc, *Sc, YSc, “sc, “Sc, *Sc, *'Se
“Ti, *Ti, **Ti, “'Ti, **Ti, *Ti, T4, >'Ti, **Ti

47V, 4sv, 49V, SOV, 5IV, 52\/, 53V, 54V

e, “Cr, *°cr, 3'cr, Cr, ¥cr, *cr, ¥cr, *cr

*Mn, *'Mn, **Mn, *Mn, *Mn, **Mn, **Mn, ¥Mn, *Mn

5 53 54 55 56 5 59 1
2Fc:, Fe, **Fe, *’Fe, *°Fe, *'Fe, 58Fe, *°Fe, *Fe, ®'Fe

E

To, u

3

00 N NN NN NN i b W B

S

1

Total

188
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Quality factor

10

Charged particle energy (MeV)

Fig. A.3 Quality factors of charged particles.
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Fig. A.5a Averaged quality factors based on two Q-L relations (1). —proton-
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Fig. A.5b Averaged quality factors based on two Q-L relations (2). —°Fe ion-
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Fig. A.6 Averaged quality factors of neutrons in ICRU soft tissue.
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Fig. A.7b Averaged quality factors of neutrons (2). —carbon-
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Fig. A.8 Absorbed dose (D) and dose equivalent (H) at 1cm depth of 30cm-thick slab phantom.
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