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This is a report on the activities of the Working Group on Atomic,
Molecular and Nuclear Data for Medical Science, Japanese Nuclear Data
Committee in the fisical years of 1982 and 1983.

This report consists of (1) brief reviews on stopping powers of
charged particles and electrons and related topiecs, and on problems to
use these data for practical radiotheraphy, (2) reports on the investi-
gation of the present status of data activities in other countries,

(3) references, and (4) future plans after 1984,

Keywords: Nuclear Data, Atomic Molecular Data, Medical Science,

Practical Radiotheraphy, Stopping Powers, Charged Particles,

Electrons



JAERI— M 85—024

T B E e T R P R PRRTTEPS 1
0 IO e e e e e 9
01 B FOPLEEEIT DUN T rrrre e rrressmsmmee e O 2
20 BT R E DR LEEIT DU T et et 12
0.3 IR LRI AEIT 351 B Bragg Ml oo 29
2.4 Low Energy Electron ®/K:IZ %3 % Track Simulation 2oy 29
25 b7 u /ISR EMEMCH T BES A VOBEFGR e 46
2.6 HMEBREBRCBOTERINIBEBAEORELLCNCEETLRTAT -
LAY T 47 #++enereeeemr e et ee nh et et L e 60
T ) £ T RETRas 78
31 HEICEIT BIES « M 57 — 5 EEBC DU IR 78
390 ICRUM 7 — & FEBIT D UNTT wrrerrrrronnrnsrsssrnnessss ot stsiit e n bbbttt s e 33
33 %@{ﬁ@aﬁﬁglﬁ ....................................................................................... 94
4 K]*]:k 1] =2 },_i ............................................................................................. 100
1Y 59512}%1;)\%0)51“@ ............................................................................................. 123
,{Tj‘ﬁ %E"%ﬁ, ,%.%BH%, ?ﬁ% ........................................................................... 124

i



1.
2.

JAERI— M 85— 024

Contents

Imtroduction it it i ittt et et e e e e 1

Summary 0f ReVieWS ... ini ittt it srsrsessesenarnensessassnns 2
2.1 Stopping Power of Charged Particles ......cicen. i rere e S 2
2.2 Stopping Power of Low Energy Electrons .......ceeee... Cereeea 12
2.3 Bragg's Rule Additivity of Electronic Stopping Power ........ 22
2.4 Simulation of Low Energy Electron Track in Water ...... vreans 29
2.5 Track Structure Theories and Inactivation Cross Sections

of Bacterial Spores for Heavy Ions ......... e cerereeeas 46
2.6 Accuracy and Precission of Dosimetry required for Radioteraphy

and Atomic, Molecular and Nuclear Data Affected on Accuracy .. 60

Summary of Investigations .......... rriaer s aaasaans e rre e 78
3.1 Data Activities for Medical and Biological Science in

the United Kingdom ........... b ad et eean et asanns v 78
3.2 Data Activities in ICRU ........ C e e b a e e et ece s .. 88
3.3 Others vevessrnacen- et eaeeaeaas e rar st 94
List of References on Atomic, Molecular and Nuclear Data for
Medical Science ..vviiiivriinennsenn et et e et e .. 100
Future Plans after 1984 v iieiitesannsenennncacaanasnnns B
Appendix  ciieiiiii i i, e Petaeterre e e 124



JAERT—M 85— 024

1. ¥ 2 &% &

BRI AT TR MM E R OIS R ORI AEW O #ic £ 0, (ERY B MR U HEHR
OFEHPE L BB IO > TEN, FRCESBOVEF D TFRERFRKICET LML 7—4
LF - ORENERIND LHILH->TETWS, HEEFZHHEFESYELR2 TEIOED
Fo O BILAE LD, ERNT -y OmREALELTHE, X, [ABATSETFHEUANDHE T
— 5 OF BB EEEESRLTEY, JARAGF -5 €7 ¥a Y 6, DPREICET LEE
AT — I D0 THEREAL LY LI OEENH -1, ¥ I~HAFTREFTH, TOIAEA
DEHCIEAH~C181E 8 AL EERNHORRELH L, K7 -5, RTaFF—5 ofliLk
DERICOVTT Y 7 — VRABEIT-7. 2OMRE, (EEEET -9 BTHF7—- 5K
TETVS— FATHRER ] KFEHonTB, TR LS E, MYEHORRENSEERL
Twé?—&mﬁ@tfmﬁw&&ﬁ%@éo%®$K@,m?—ﬁﬁ%<ﬁELﬁw&?%£
Ds, QF—FOFEEASEOEDFHABTER YL, QARSI T vREBEHH L, £
NEHETELF— IS Ly, 5 VRODERNT -5 3550, T o8Erhs
RETEEEDERN F— 5180 L T2 DR EBE DL,

CHLOIRMABMEL T, EXENFATCERTLIRTATFROE T -2k 20T, FRkk
BELHOF/EDOEN T — 7 OBFHLE R STICKRE 7 -4 OREORES B E 35 ERFHE
%ﬁ%-ﬁ?&?—&v—¢777w—fﬁ,vaﬂ%%é%@&%ﬁ-ﬁﬁ?—aﬁﬁ%é
O FHHEE L TRB SN, CCTOHIEFEMENFICE, RER, KEtRiGE, GRS
Wi, RGBS, b L —dRIEST O Ak - IR, WEHRE A S URENE, RENE
CEET LM EREDESTFEEI N5,

DT —F Y TSI —TOE L [ELE 419826 8 H30EIHEL, SHROEDHICDOVTHR
A1, ROERERTO S,

1) BEF-IREENOOT—5 v —225K, RT3 5. @ AMLTOLRERT 7%
SHE b ERAN 7 — 9 OMERERI 45, 8 no data is no process & W IBRMEHPS
WEIBESTS, @ ROEHICE#ETSF -5 2 NET 5, (1) BEERES, () 771
LEHE, D WRIRGEIEM, (V) RETEBEE, (V) BEHRBH - RETRE, Vi BRERELE
B,V HotiEmEo£E, 6) 4HEE, LERERCEL TeaMILEE, BRINGE, R
DNWTOEB T — s E2EVELT, FBEF—9 7 7 DfFREHIES,

COHICESOT, Mgk RTLHT, MABTHEERROA%E6E, ELLT, R -
BEOWRELDLF — & OB, BREURETMOH0F— 9 FIAORKBERCHEARAL S
LIRS & D 7 — 7 OEFRNOAMEEIT » 712, BHGSERR THOSEEHMEL, X, 7
B PETER CEERRFE DV TORBEEEOTRRHA, RIRRAEICE J 5 RNHREZ
BGEO RE L, Y R M OfES, MIEEORABLLZD T -5 7y s OF EDHHIDOTEHER
EEIToF .

LIb, oo —4v 7 7nw—70R TR, BRRUEALT TOEBRIESS Lo, UT
OETICHVT, BET TRBONRIER, #EER, XY 2 M STIcSROTEEEE
EOWTHE T 5,

-



JAERI — M 85024

2. M O M E

2.1 MR FHILEEIC DWW T
VIC % &

2 L1 LA

19554F | Dalgarno & Griffing (3 Bornif 8ic & D o3 2k BBRFOMIEEE%S, BRI
B EmcANTHELEY . ToRRE, BT T 3 AR FORILfEoEME" & Hik
T%&,MMQVUL®I%w¥—ﬁ@Tﬁ£ﬁ@&£<#&L,m~ﬂMMV®ﬁ@T%EQ
QN*@V}EE@@PT%vﬁQ%@%(m&)%%Kmﬁﬁ%E—Amﬁgﬁ%¥f—Am
FRWHERST LN EIRE L T - 10,

Born EH MG T 2 ETF £ RS FORIBEMICET 3 ERITNBMELE LT 5, KERET
PLAVE MR DR SR A AR AR SO OT, Born T HHT £ BETE & —B & ik
Wt b, HH T REZE S (binary —encounter theory B.E.T.ﬂ) FLLED & IS
MEIC R AEIEGMNE Y, BB TOTRMES v ¥ —, FlEE A vF-BXTD
T 2L LT AT T -y DAL HRICHEHEmE T LR HEEEI R TS AETH S,

B.ET. 3, BMFEEOHEREV TR, ERAERELTELOHRE 2EE bEDUVER
EHA L b EEfEea LTRERSHEL5A560L LT, EERNAZELTHD
EATVS .

AWE TR, BEE, B, SABHETEORBRIED LS, Born LI L3 EOH
BE EEEBLT DTk B,

FEIC A LSRR ELE TR 5 Tk H T rvF—0B &L, WETFHIREICE T 2L EE
AL TEHE I 9.

oo Y TS T A SR Tl VR A BT 5 5 LICR BT EIREBIC L B, Z ORI
RS L h A E— RO LS LTRBAC ENTESD  MAR, BT on T, AFE
oA Tnd, FRas LUt Tks 3RO L DD,

f1=1-fo (1)
fo="fo (1 —exp {—N{gg1+d10)x}] (23
T,

fi :IEfE (BF) sy

fo : ot OKEET) B4

fo  ERREEI BT AHHERS (=0 (ot T10)),

ooy - FREEMTIRE,

oy B FIHEN TR,

N BfEEhoRo,

x o AFRTFOETERSE,

EITIREEDS o= (N (001 +010)) 71 & 705 LARRB TR fo= 06320 L73508, TOMIC

sz



- JAERI-M 85—024
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< 2500keV) ic & B KIRLICH T B EREEFL, Fi-AEE LT Green & Peterson ' i £ 0
L < AREITH L TR b hiEEBOTHB LI AE/ By, foo BEU 1,04 Table 2. 1
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Table 2.1.1

FracTiON oF Exknray Droraped Berore EquiLingaTioN or CHARGE STAaTES
Anp Equitinmivy Crange Fracrions

E,; AE/E, Ju' hat
04 4.00 X 107 0.991 0.009
1.0 2.91 X 107 0.978 0.02¢
40 1.87 X 10~ 0.894 0.108

100 1.36 X 107 0.749 0251
40.0 7.73 X 107 0.462 0.538
100.0 8.37 X 10~ 0.188 0.812
400.0 2.42 X 107 0.003 0.095
1000.0 8,33 X 107 0.000 1.000

» Primary energy in keV.

» Approximate fraction of initial energy degraded before equilibration of charge states.
+ Equilibrium fraction of neutral hydrogen.

4 Equilibrium fraction of protons.
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Fig.2.1.1 Energy (keV)

Charge state fractions for charge equilibrium H-beam in H-gas as a
function of energy.

Curves :Born approximation, open circles:experimental results obtained
by Allison.
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Fig.2.1.2 Energy(keY)

Stopping power of various processes for proton in hydrogen atoms.



JAER] - M 85 —024

10

=15
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Energy (keV)

Fig.2.1.3 Stopping power and constituent parts for neutral H-atom in H-gas.
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Stopping Cross Section (eVx lﬁ‘gn?)
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Fig.2.1.4 Energy(kev)

Stopping cross section of hydrogen atoms for charge equilibrium

hydrogen beam, according to the Born approximation and experimentaz} resuits
(X:Philips,O' Reynoids et al., @ Weyl) ).
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R | i aaal N

10 o
Energy {ke¥)

Fig.2.1.5 Com_pari:on aof the stopping power due to proton ionization and
excitation with total one of equilibrium beam.

STOPPING POWER OF HYDROGEN GAS
FOR HYDROGEM PROJECTILES

M T

z =9
i/{‘i \;’"'T‘/‘--._t__
I

_________ - Th
2 - ""‘“ﬂ—._-¥ Lxti T | ——
-
Projectivn inetic Enerey, haw I |
[ 0 ® ©° K0 120 [

Fig.2.1.6 Total (charge'equilibrium ) and atomic (neutral ) stopping power.
The solid curves are the best curves through the experimental
results obtained by Allison et al. (' 62)and the lower dashed
curve is neutral stopping power without charge-changing collisions
calculated by Dalgarno and Griffing (" 53 ).
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EHLODPEEISATHEIEHEEINTH S, ﬁ%%bm@m&bf@,ﬁ<KﬁUaﬁ%§&b
TH SN ETED Berger —Seltzer DEFE@EMNH L™

Lo L, 10keVELTF Tid Bethe— mmh®ﬂ®$96?«f®lzw# R DEE A FEAL
TAZEETESFig.2 2 1EfERT LI, B4 0EEBRICOT TEALTIZE S,

—F, ERAICHE TS, W0keVBITTA —v F v 7 2R HETHIEEORIEZTHBE, L
L EMEORB OB S F~ 1000AL TTH B, COLEITHDEENTE, POTDESER
R CHIE U A S L SRR AICIEEIc O L, o ARG ERICHIbERLED
Miﬁﬁbnfﬁb,L@%%ﬁ®ﬁ%&%ﬁ%ﬁén1mamz%,Ivaufﬁmmﬁ%
FERACAET S0, BEA0MEAI0ANARLE LETAEEOMEG, &5 IEREHENE 2k
HEOESICE, BEIRE LR ETEL TSR, BEAEATRTH S, CDLHIBHHELS,
AT E T, BRE L THE D RHENSIERITON Tk 2,

LlL, £08, SEmEmEKE & &L, DTRENE X5 HmoEEEL, FARES
KPEMOREICL ST -T, HHUTHIEEEZSDIEL F v F - R TORTONHZRO
WEBBRITITThNE X DTl -7,

b E, EEHEREWFETE, BTH~10 eV THILEDMEO -2 6> THD, o2
BETOKEIACOT 2 0¥ —SBOET O fEE (10~10°A) 03 -4 ~Th 5T &
MLEETHA, T, A—VIEBFHENERLZERERNAFTONTFTE, ZKETFDT R
WE=H10~10%eV T, W82 LT 2 EMBEHROESH10~10° ATHBT LG, BLED 3 9
DEL LD, RLEEPTRED 7 5 ORFED, STOBELEREICERECT 4, 151
MAT, FofiTik, BRIE 75 X~HhoET (10°%eV~10*keV) &7 7 X+l (HZEBE) ©,
MohOBHTT I X EHLTVWAME BIAFY 35 -5/ -5 —15L) LOMUfEH
DERIT LB RETRE D, REDREI ORENBEOREY, 77 AvORTHLTLR
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WE—NF AR, T XTRAOFMYOBRAETRACHET S A THEELMBILE>T
XTVWB, TOLHICE, ERUSABRLTOEMENTORT OB T LM 7— 50
gRksnTows”,
EROEHIRRAESHE2O0HT, < L SFCHEXEERSN TS T & 3BERE ],
IOLINHECTC, RHB LFEFNCEE L I CHEOHROBIR & BRI 20 TRE

T D0

222 PEILEEDTESR LMOMEE & ORI

WkeVOL FOBFOHEBBORRL, LRO LI CBTBAIITONTVEH, SR
TRALLREIC DV T, BT RS S o 5 EBR O H EIRICHAN TREMNZ L 0o L LY
AERESIC DO TRHES L OEEIFTHAT WS, £IT, COHTEZRVEF-IBEREHIIH
FIERM RO, 0 hiEg, BEfss L UORE SIRIEREORFRIC D0 GERN, EHE
FHIEGED 7 — o A313 < & &, MiDED HFHET S/ BT T LIz,

R T R v F - EIROBFOYA DI 1 BoRFIOTd 5 I E RN R o &,

gp= X 0, 1

TEDhEING, LT, o linkE~ORR (B8 &80 MK TH 5. /01, 0, ITHIE
4 23 HEEEE (mean free path) dp, 2, (3, BAIERES7-DDOZFELTHLHEDORTH
ZNETHE, Nog=1 47, No, =14, THET Lo,

1,/ Ap=23 1,4, (27

LT85, FLC T v 2 TIEE R, 2,42 E~0RE0FEE HEEEL X L TFAT
Wh, EEBEICE, L. 2R LTHARDEC S TR Ll, &K i Ltk
DATEMFELE DB, £ LTEL OEBOWE TIL Ar DI LA WENEE (attenuation
length) &FBRL, BFOBEBME O 7o v FOARLSKRO T EOHEETH S,
—J, BRFEES(E)=dE /dx & nREE~DRIE T 2 v F —~ % JE, L0,

4E,
sgp-3E _\s4p,0,=354E (3)
dx n 0 A
52 Bhb,

BA | F &2 B B AREE (Range) #3& 5, BT, WALANUREOERIC DWW THEICA
~NTEL, BEMIE, @RS TES SN LEEMELNURE (Continuous —slowing —

3

down approximation (CSDA) range) Rospa®RKe LT %,
Lo _
R(}SDA:—J‘O S(E) T 1dE (4)

CCT, EoRAB 2 2 v ¥ —TH B0 Rospa® B ER EHERE, IRFELLHET 2 mINEG L8
KT EMEILOOTITH T EMTE LY, —BOPBEL 20 TRTELOLDOT, FTHRKIROK
I KT 4 BB BHREORIE LBESH oNANED [RE] BPOAVLERSNT 5, EB
iR GERIRE 7 ERIUEDIES t ORIGE F D SR O3 A CERIICEET 5N TD
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BEhit ik E8H 5 A AERIE (extrapolated range) Rex & M3 (EHAE (practical
nm@)&%Dﬁ)oitﬁﬁ%ﬁ@E%QﬂﬁﬁtM&ﬁﬁﬁﬁ%ﬁﬁ(%%)%ﬁRmmﬁ
R TEZEINBR,, A HERE (projected range ) &FFS8,

Ry = j;t L—dvT&)/ﬂrjdt (5)

F15hB, Resm?s, TR -1 BHOESEEDL TVAHDIRL, Ryax P Rex 31TH
DEEEES FR~HE LESOELLLERTH S,

Ul FEd A &, PSR EETE A, e S oA OIERMEENER SN =17 4aD
%TE%LTED,%?&%H@%%®E%W%%fé%%®%$Wﬁ%T%%amt%m@)
T, 2, EHESE bhBH, AR A vE—ROETAEMES SV RMEIGAS T F
WE BT, BB T AMERREAEZL L SATOERNERETH 5, FLREEFATL
ZETHEOT P E—ALMYEIFETLED, THHBFFMBLE>TLE DKV B
BTHD, BlANETICL3MEETORMEHROMRL5A58TH B, £ L THIHMHE
L RERE CRIOLE & D6, —RINICE

A, <A< Rex<Rmax<<Rospa (6)
T, 4., Arid 1 BIOEERE, Rex, Rmax, Rospa BFOBFOLFVF—2LHEHIETD
ZEHERRICLEE DB TH S,

223 PBLILE & THEmES

T LB OMEMFE AR SO TA S, Fig. LiRT L2, HELFALRXLT
DS BT R —flB S, 74/ Y EQHILER, AROERET, WRET EOHEER
LIER N 6D LE0fE (x40 F—HR0ICHY 9 5) B CRHEFRABERDN, 2K ELT
Ok, HeDEhofMe LTEDINGC LILE5, |

e HAD E 50156V BOD ECALRERB -7, Fitling 5% 45, 74/
vipIi nF—0on LD OIEICH T 2R GERRIICRBIEDTH S, LirL, Th
I OWTOFERMEHRIESELRLEITE 0.

Owﬁ,@%%%(ﬂ%%?)&@WEW%Kowfu,mmm,me$¢0ﬂmg6@
Oak Ridge O 7 —7HEEETH AEREH T, 77 Xl (GEETF ORI %
sl oA RnTHE T, Fiahh, MEy 0BT, QlETH RUEENTE
LTWAEKDAES &%, hofld ooy —BEE b 5T RGO TB LR 13
RDOXTERDEINSG.

- 2e (k+dk -1
A 1(E,w): Sy kv—klm(s (k,ﬁﬂ)) (73

T, E=mv 2

* 7lwi$m®iﬁ6®1$W¥—m,(%?@@ﬂ1$W#—)+(&$wﬁ)&ﬁaoAITM&
HEIL 4.28eVTH B o

— 14 —
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K4+=(v2m /M(VEELVE-he]
T, ho(h k) REMPE~D Tz v¥— (EER) B8, < (k, @) AYEOFBELEHLT
B3, #0WA, BHEFLORAMFHICLEZEZ oMb TNTO T 2 0F —RBERICHT 55

5 RS 20(E) 1
i THE) = [de 37N (E, @), (8)
it B BIERE S ¢ (B)
SilE)= [dw i (B, who (9)

LD, L7, EHEEEEE @b gERE R s il, (TRAD e (k, @) 20l
£WVWT &1CTEB, Ritchie SR EAHEBTHABEICET&, ZBBFIHLT, 8T %T,
75 AR OBGAEEL TFAFTADAIT COMERDAREEIT- . THSIKO2VTH
STERE) — I LR LLATOS, FOMELR L0, Fig. lOBBES, 77 XE
OHETHE, ILEEOIEAID 2p, 2s B LT IsORBHAREDFFILDOLT, Manson® @
Hartree —Slater i BIBISIC LA R RS FEEOEEFBOTEHR LAY, Tho0FERE b
Fig.2 2 LR L TH A, £/, Fig. 2 2 2102 S DRAROS T EH B Ar 2 ZBRER S
EHIRLTHE, LT '

ApTl= A A

A=Ay T AT At
T@%o%LTPMK%LW%WEK;5§§H,%?@I#W#—wﬂﬂﬁﬁmh£ﬁm4
eVicat LT, BIbgETREREN~0, 1, 5285064 %, FHBEMEMTEC, 0.2, 128&0
4B TH B £1210keVTIZLMILFECBIL, Bethe—Bloch DL ~3FBTOUMN - Tb,

X LR EREFREOWBEIL YOTR, AlOL HYHE—RLEH FEEOEFE N THEND
T, 10keVEI T CRAGEEDTEE hEEICH$ 28RN I0~1EBUT THH L 5B
SRS T b BT 4 ASE MR ) 0 C Ritehie & kB AR A Y, CnrmEd
DARTOETE—2ORHIAT, BEAGnrEBALTPAMELA EDTH S . DT
LOVEABRE ATV, AT ALIKOWT, EOHBET A AEE L, HEERAIEEE
T 8%, PHEAMEHTIE S BUATEL &> THd, £ LTHGE S, Ni,Cu, AgB8LUAu
158 O EFIC A L E & EEERIEHOIBEITY, RECOOTRAETAERT -5 LI
LT, BWTEOW—HEE TS,

% /- Ritchie, Ashley 6@ 7 n—7 Rl AEEL THY, Bls LU0TRERY T TOME
RS E O P RO EAF -7 2T, Fig 22 3KEASDH L, £ RXFLVICD
WTOHBEEE AT, LT, 10keVTid Berger —Seltzer @A & 1 BT HpIc D130 -
T,

B A= E TR G EERWE TH 3 KOMIEEIC2VTE, 6L TEDELTH,
Ashley ™ 45 FOMBMMAIC HBENA, FEMICRO L BRERYE OFIBTF AT & &b
AR A ME-TONBRBEFLORBYRE L DANLHERDZ, 2O, By -70
Ritchie &0 - - 0iE VL0 b, BRELTSEH, £120eV0& I HOE— 7 ETH
25 %13 KRN EAIE TV B |

—%, CASOMIFEOHBICHET A ERIC DV TH, FPEEMEIEEMELLEDLL
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T2 ALICEE LTHEI L5 0e 415b B Garber & 5Bk ic & D 300~900eV, Fitting 49
FHiBE S TREOBBRR L D 500eV~ 0keV, Ishigure 5'° 282 2 0 & —HK 2 <2 b LT & D
9~10.9keV it » TAIE L TWB, CALOBRIBFELC Fig.2 2 1AL TH B, K
FALFE LRI EBREAOT L XA ZI O, COMDOERT -7 ORES S, LE0ER
B 64T, REOBRZOER L UHEO MG, S SHEIITERL THWa,

T, BEOERFIE LT, Adams 5 BNy, Qe LT AL, Kr, Xe BEDFEHN AENKD
ﬂ7747%W®LMﬁ%@T,@ﬁ%?®@ﬁ%%&¢®$%%ﬁ%écﬁ+®@$®m6m
BENIC L - THES E NS 2 =— 718 HEET0 1 ~3ke VORLF#EARIE L, Ritchie 503t E &
LT B,

2O S, KIC DO TEIBOERDHORIE L FlH 505 TH 5™,

PLE® &S IFEERALERISVERITE-TEEZ L, SO LI AHEBRHBEMNET L TVS
DBEIRTH L,

—F I RS VT, EEREE L OSEEE Z ORED L 5, HIEEOHIFIC
NRTHSHALLBODT, UELOBTNFHD, LrL, thd 8B EASRIRTREA
LI, HABETORE~ORANOFHIMEES XL THET I LGOI, B
AL RS UM, RO BESIERMEAE L TV, Fig 2 2 21T Al 182 0 THEko
Ashley SOSTERES & bic, S TiBon-EZRH ™ " 251 LTss. CRLOEED
H#Em s, Al 20TE A& LT10eVELETIE AshleyDFEELZZOE EHAF L0 EEZ
LA, Lizhi-7T, ik 20T oA (3 2 2ER8), (9)DRFHE .U10keV T Bethe
—Bloch O & L THAT L6 FORYEBRIFS AT Eicil b, Fig. 2 2 31t ik
RS E LTHE Y AF L YD ArERT. CACDOTIE BT~ S ERFIPRY 500,
tho4BELEBROHEREEBEOLO—HH AT, ZHEETELOLEEL OGNS,

COEHD A OERT -1k, L onoREYRP T i e onTi, Tod
CEB T -y ABH L TEBAORICE L0 b0 ELT, ROLIULDHES, THbDL,
% ¢ Penn ™ (FEMET A AR AAATEBMEIH LT

Ap(E)=E, {a(lnE+b)] (10)
CEDEINACEETRL, CHEMOWHER HIEL TV, 21T Seah 57 140 350 R
EABEL, ~1eV~10keV O x 7 V¥ —HEKT,

ZT(E):a/E2+bE% an
1 BEEBRAE T A, & HIC Ashley B ZEMEEY @EHTWE) IKxtL

Ar(E)=E alnE+b—¢c./E) (12)
A5 ZTWVA,

LA LOBREBR, ¥YEOGHICWT, Bohr 2 v F—ARTEZOEEMA 555, (10)
ﬁ@%l$W¥~MTE%®I$w#HWﬁ%%%af£@,~wmwu£®%%@ﬁﬁ%ﬁ%
D1 /ER (A TREND ICRDSLIT2UBBSETNE CADPHBETS 5, Lich- TLDHEE
75 D0 T, BRNASEEERICANICER F -5y 025 -V Y72 6EICLT,
SHRESIKABEMA TP BEL H 5,
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224 WM B

RS 1B (U R R ospaic 2 T, Sugiyama ), Tung Qlo%iﬁé?ﬁ‘iﬁéﬁﬁﬂiu:éﬁﬂ
m%mﬂﬁ%%@%@%ﬁwfwéom%dmmﬁﬁéﬁ%mwv~mmvwﬁﬁf,%%M
Al, Cu, Ag, Au 84 54 40eV~10keV ORATRICRLTH D, ALK T SE ORE
A0 LKL TOB. Ashley 510 ZZ2 @AM, RIAFLACKHLT, 15eV~10keV
OEFOHEHEREETEA TV, ThonitETR, winb(4IXoRS O FTREZ, FE
E10eV it L 5T 5B,

AT B4 B R DR L LTI, Fitting ), Schou %Y, #1Uic Adams 5% o {H Fhi B
5. Fitting " R EBEEAVAE A LOHIET, BRFEHED 1 %1072 5EE & FAHE Rmax
&LT,&b%ﬁmmi%6@ﬁ®%ﬁkﬁtfwmw~lmv@I*W#*ﬁﬁ?%®@%m
FLTWE, LT, 10keVEL T CHRHEROEBRASKDL2E LTV S,

Roax = 900 0 7P (13)

C T Rum A o EOEET g om?, B keVORETHB. 0 Tung 500
Rospa O BRERE, Alkel L TR COFitting®#R9Z ALBIOERFER &, 7 Cu icxd
LTIt Fitting DR &M DL —H LTV B, Lirl, EHOMELE AN O HIT
B L WD RET, EE, 2ERINLICLSTHROMTOESVHIRE OERETES O AL, Au
Tid, Rmax @ Rospa L OB PE LTS,

Schon 5V, Adams 5 V08I VTR LEEEEETEKIC L TENE L DTS 5,
B Au DB D HOBAKEERIE TS HET, Hy & Db eo [EBRE (penetration
depth) | (FoNERIKEBH, ERFBR, LMRL TLu) %500eV~3keV DEITHRIE
L. BB ol fEoElE R LAHET, No, Oz, Ar, Kr, Xed TDO R, %100eV~3keV
O TRD o = LTEGH EOLEIT, EHROMEDLDBRENICLBITOITNE Y,

225 & g U

Ll F10keVE L FOBF o 2 E0Mikas &, B Lo B mERsE, RIZIZET HRLD
B o Bk LREEAIC O VTR ATT » 700 2MEITIC, BIRE L THEROHPRITLTVT,
aﬂ%@ﬂb,§t~%ﬂm<ﬂmiéC&KW&%%%E@&W%@?W&u,%ﬁﬁmit
CVEDEDEVSELET, SBROIOFED LD —BOREDERFOEENL, TDIHIC
i, HLOEBRERORR, LA, BERSELOERE Lo 2HABRENA LT LY
hozy 7 REFRECBARCOTEAT S ELEAL LN S,

HrEmL o4, FETR, Ritchie, Ashley 5® Oak Ridge® 7 v — 7 OHFD, N SR 3)
0(,%%%%%@@%%@?—&K%NT,ﬂﬁKELTD%QT@Hwﬁéﬁiéﬂéoﬁ
7 -5 vy —EFRTF— s HMTRE, BELALDF—sOREF -5 LLTAKRER
TUB LD, HERICERL TS, $1, SERLESYE IS 5HIEEOFRIC LT,
Ritchie , Ashley b SREEBHNC 7 — & DIRMHEA 5 0 &> TV 5,
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2.3 HEAHTER TPHILEEIC B3 % Bragg #1
ETHARETER B L B P

231 L%

MENFICE T 2{LAMPEESMOMILEEE, TOMATHES /2 HFolEI-gEd S HiiIcK
HBELEMTED L NHDH Bragg BAITH 3, CORABEORE T TERATE 2 £0HOM
oW T, ELOEBLELENTE, COBROERTHESZOMNEEHBLETE D,
IRBEDZE(L DL 2EE A OB I & b S HILREDE A EiIc RS ¢ EMERIND, H- T,
CEBRBMEMSAREZVEEZICEE S EDE LAERESELNEWCENHD 5B, TRERNITE
Bethe D IFREARICE 1 21N © 7 v F—DFTEREBE B> obic, TRIFHE
PHEETH -7,

L L s, CC20FRTOM Bragg IO F = v 752 B E LAERERS S, ER
FERSME (Z,<18) TYMHIREORE ViIcLs2ESRH s, A ENEsOEIcE
HZERSABINTE L, BReAR 3 v F-pEVEB &R »& ) LibgEEPsE o5 C
EHH - TE S, COLS BRI SWTORAWEE LT, Ahlen® | Janni ¥, 2 LT
Thwaites® D EDHH »T, 72 THE L OBLHEHSNT B,

BraggHEI 2 B T2 & &, bhbhiMLEYOFERE © 2 v —ich~T, (LFHED
FODIANF—IRRTELLDOERET AT EICHD, AR TERKE BRI -
7o ETHEMIEEEE B LIBVERELTWAEZ Eict b, ORI BHENGRS T
FoThbkVTHAI, HEARTER (GF) OFEILEER, TOWEAFTHSH Nz, Oz, Ar
LD ED DD - TONEBIBEICHETE T, TOBREEBRHELI L HI D EELLN
%, 72 Emulsion @&, PHEE T ZF o F-5331eVEFVLOT, ez s vF—2MmMEL
T, Ag, Br ZOnEOHIEEL CHEBL TR EAFEBERE ULV D EEHDN S,

BraggBIASHR Y LB VW EEZ ONAFAL DV TOERBERELMEL THL L

la) MITBHVRIEDIR : SR TH A L& &, MK -FBARTHE LEDER,

b) fLEFEEHE (et hda T 20T, BarrrF-—08{bEr b HT itk s

=5,
O 2R oh B,

COMETRETIEEME T 7 oL —DERIREL JOMFHE SR I BENLEH~, &5
L ED L HIEIBAIT, Bragg R L LOBEORTNATLZO0IC 20T, EEMNGHESED
AEERESEREBEORENAEZEDSFTHRELTAHAS C &IT L,

2.3 2 WBFOIPHIFREAL E PG T & v —
BRI A APE O IS oIEERT & L T Bethe A% VAL HHT VS

4ametZ® 2 mv? c}
=== 1 —-= (1
Se > NZz{n( I 7 1)
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CZTeldEE, ZIBAFMFORTFES, v RAFR THE, midETEHE, NEHLKES
DORTHE, C/Z IPREHIET, Z37—47 v VETHES, LTI $PHRE - A v F-T,
ZOEDPY =4y tEOHEE - {LENHE LR T 5T £ITE S,

Bragg i, PHIFMHRE c % e= (1 N)ScEEHR TS E, (LB X Yo DR IEE A
e (XmYn) %5,

¢ (Xp Yy)=meX + nelY) (2)
THEHOENBEEVWIEDTH D, COBragg HADRHCHBICA S D@, L LTHR = f v+
—HE T H - T, Bethe AR ZOZTFTOETHARATENL L, KB F -5 OF L ORR
X, WS ODhOEERSIES LA ELEEBLETHSL O L0 - TEZ, TORBRIEROLIE—
MALS NI AR TELCENTESL o
_ ety

2 2
S o= g — N{zﬁﬁn(—ﬁg *D}(I+B)+SCQ (3)
mv |

ceez ™t 2.7, 1T B e nABR T OEMET RS (effective charge) , & —47 v bD
HHETES, £ L CHMPEEE T v ¥—Th - T, Bohr ODHERGHLLADEND, DI
EHEELEREELEOETH» T, SRR LAAVIEAOMERTS 5. B ZS MIE
{hFEhHL, FLTSeqdARKTEY =4 o MNETEOBECB L TESFERMRLTETR
WAiTHC LitL B TPIETH 4,

PR T 5 v E — 11 DT DR S Ai Bloch AR EKD L S T eniTEs” Y

L

/%
Izloozfé(jﬁﬁi) 7.7% 41 (diss.), (e¥) (4)
Err

7 ZTEups & Etr 12 % ALF 1 Hartree —Fock —Slater % L T Thomas — Fermi ¥ {ll TD &L
BT RAF—0OF, Z 51/3 Lo~ HRICEE LAY RTFEST, RAOLDHIKELRSNS -

UTF(LIBZS% r/au)ZUHFS(1.]322},§r/a0)‘F (5)

¢ 2 TUrr it Thomas — Fermi ¥ T® L & ~WEE, Uwnrs i Hartree —Fock —Slater 2% {1l
THL e ~VEKE LCFRAEHTAEFOE L DICEET LH8 v/ acitH T ADE IR
THEFHICLEL o ~0DOEINEFRDOTEBERTTH S, BTFHE20IMLAEMIC VTR, &
SIS T A0 i E~] (diss.) ZMATPEHLENH L,

Table 2 3. | BRAKIECE H5 ] —Eokis Lns 7, AFLLUamICc 0TI
T R F —APNA T GEIAE 2HHE) 25 L. EREDS s0REEREE (ORX0HER
EIRI0B A TH >THB O, SHIEECHREL TR 2 WvF—TLEBLUNTH »Tb, Table
2.3 2 ik {kS LUBBRECEE 5 1 —Eorgs Ln TS, Thompson o BRI,
(4FOHNT 2 TOZEMT (Cu) = 2348V KB/ L THS . Berger —Selizer 10 g H. O
D5 — % 4 Ritchies ', % L TAshley " ORBIEETH 5. —BOICHKD | — i & KIFED
BEDOAILH-TOWETEhDh b, HE(3)Ep bbb Lo, Z)) —HTELD- #idL
K EAERICAND &, BBTF—5hoko ok -, WEIKL-> TERPOEMT 51
e, HEEEOEZREDTELEEL 0N L,

Eh OFomind i, HFRLEWTRESD ST, & L TERELEEOE &ITEEEO
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BYRHIZLL L o ~VEHROHICT —EEEALT, HibiEdmbe 5l b s, #-T
YRR L3 % 5 & &%, LEESRBICE(LD S 5 & FiC@d Bragg RN T U En L
WA B, HEAFRED H & QLB L THRA H0 &5 L&, BEOE/LBE T 57201,

SADMHILEEF— 4 % X2 DOFEMATEE 0, FHEKRCOF— 5 ZSUATH S COL CO:DMH
FEEDHEIFHAT AT ERBEL ALY, SO SEHEGST N OEET0EE—FEE&LED
7 vE =7 NBEy DOIFEEET R 27302 &1 3, Tissue equivalent gas O fEIZED
BRESAROMILEED 77— 705 - TORIERD B EHTES, LipL Tissue €D & DI
WIARTH BNG, HRRETOSBES T OMWHIERED & Bragg lE E-TROLZLEDNH S 9,

233 BILREICH 1 2 Bragg BB 5D LD

ERICAH T 3 v F - LE DRI K - T, BTHEILESE OREELT 205TH L TER
FER LB L TAaT, Pig. 23 1 HREEEE - AR L OMHLAEEDTIEE LT, AR
JanniZ HSEERTF- s A b LB LT, ERIEF(IXICKBHERET, CL (N2 bid
FEIC) ROPOTHE L&D TH S, Janni DERBRF—F L OoOHEMES0.5MeV Bt THA
THEDE, EBRENLTVWRZHEZELI LN,

Fig.2 3 3R BETFH LT He £ 4+ B CICAR Licig &It 20T, Besenbacher et al. 7o
ERMEE L (IR LBHEBEOLEAL BT, [UALER EOHIRGEED, EERREZDEHH
WTIHEH - TWBHENZ LI, Fig. 23 31 e —HFHKH 0 AR LIcBFBED, [ikEH
& E DRSS Lovd s ERASEE Thwaites 20 & 0T, HHEERAEBRIGEOHEANTH
BT A EVA B, 154 Bichsel T v 4 MICONT, EHSAE FEE & DPLEGEE AT L A
¥ —TbHEHETAHRESERE LHL TS,

234 #
CNFTHRRILCEEE EOTADE, MEMNTREZELPLFESELPES 55813,
Bragg SR LA LW T &M/ 0E B, —iicw AL, BETESWE
DO ANTFELRLEHIC 2VTREL 2 & -2 313 & Bragg A 5 0 { WEWVRK
X LI BEBAE LT, BEMRENENT AEERUEAMPRONS, = 2 vF-—Ba0E
ATETHET 2 v F—DEVIE LML RERTERN T ENH L, LEYDMEILEEE
Kb B, TEEONEPTALEREDPEEPERERT A ELLHET L. b LEDMED
WA THNIT, FORKOHETENRETS 2RETOFERE s+ vF-2ENENRKD D
BB H B, RICBragg HAI & E - T & o EHEE s 2 v ¥ —2RDT, £OFRITHES

D i O v —-E2MA T, HibEDHELZT 3 &It b,
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Table 2.3.1 Comparisicn of the mean excitation energies of typical
gaseous medium reccmmended in various publications.

The present results are the calculated I(molecule)
plus dissociation energy I(diss.),

in units of eV.

Values are given

Nao 05 Ne Clsy Ar H20 Adir
Dalton~Turner 89.6 101 132 176 189 92.9
(1967)
Bichsel 78 100 137 176 182
(1972 ’
Besenbarcher et al. 86.7 102.1 139 194 90.8
(1978)
Berger-Seltzer 82 85 137 174 188 71.6 85.7
(1982)
Present estimate 92 102 126 178 182 73,5 94.5
(82+10) (97+5) (176+2) (69.1+4.,4)

Table 2.3.2 Comparision of the mean excitation energies of typical

liquids and solids.

Values are given in units of eV.

N, 0, Ho0 C Al Cu Ag
Thempson 97.7%  112.6%
(1952
Dalton-Turner 81. 163 316 466
(1967
Bichsel 78 166 319 475
(1972)
Thwaites 79
(1981)
Berger-Seltzer 90.5 104.3 75%%* 78 166 322 470
(1982}
Present estimate 98 109 79 81 167 348 497
* Values normalized to I{Cu)} =348 eV..
13}),14)

%% Theoretical estimate by Ritchie et al.
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Fig. 2.3.1 Comparision of the percent deviation from Bragg's
rule as a functicn eof proton energy. Solid curves
are the present calculations. Dashed curves are
the semi-emplrical estimate by Janni.2
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Fig. 2.3.2 Comparision of the relative difference between
the stopping cross sections for H and He ions in
gaseous and solid C. Solid curve shows the
present estimate. Experimental points are taken
from Besenbacher et al.
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Fig. 2.3.3 Comparision of the stopping power ratio (vapor/
condensed phase) for a-particles in H,0. Solid

curve shows the present estimate. Experimental
points are taken from Thwaites.
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2.4 K ANFXF—FBFHOKRFIZEBIT B RED
BticHonwT

EEAERREAT B B
= &

FiFva (CH BEHNEDET 2 v F-BTHICL A REEREMDRETR T 5 LTE, &
R F —E TR RN 2 DOGERIE L OMBAATR T MENSE. 1 A7, THA
@ OEYHIRS 5 VI A TORESATHORETH S, F28@, BxivF-BETHO
EFIES LET SR (F5 v 7WaHE) TH L, B LT HENORESBIUMEL T L4
el LD, AN ENOMEORINGE L LR AE AR A nENS S HMENRTOHE
O EAE G SRICRE 0T, BEFEWE k) SOBEORBAREIC b LIV HEREN
7o _%‘biﬁﬁ—t&%%o

CoHROEmIc, €Y FaraEERIALT, Kbisd 2 HAROREE KD &FOD
KEDFEEORBBELBILT, MrOBEEER ([~ ) OB, NG r2vF-BLU
FBEONE LT 4IE# 7075 4 (ETRACK) 2% L. BT OEEN T E L UJEH
WHEZEOHEF G T 70 E—OF — 4 (3 Paretzke 8 £ Berger (1978) A8k L 7CEE M7,
B LU Auger ET 4SO BFOMENE, HEx 2 v F—2kDA & bx 2 F - (126eV)
i FHAE TR L BT 2 v F— XA T 4 ¥ S HOBTOMY GEFHAE, B35
K, EEOEE, Bk Ra¥-) 2B —HELT, MEBEE Y 7 41 v (@57 -7 Kl
Ltre COTIEEE 7 » A VAR T 5T ERKLDFHER~<S b, LET 27 v, BARKIE
BOME ESED 2 RTSYERERD LI EPTE 5,

RO b F o ADEEMSAE, OEFE, Q1 vy1 85—, BTy A5 —, W&
L EE%, ©sEECHHLT, MIERNTO  HERD RINEED L B8R 21T -7,
EEBEOSE S, Ro CHAEOS0 %D BN B E LA 2085 pmB KT Reo 228 pm
LitBEant, 7O A F—0BAITE, B Gla) ANDBED T§3AL] BH 5.
ﬂ%ﬁﬁT@%wym®&®%m®ﬁK,W%ﬁﬁﬁ&@wwﬂﬁ%&ﬂﬁﬁﬁﬁ£b®@ﬂ
BEPEL{ES,

FUFE L CH) BEIC &2 HEHEER AR TS TR, BT OKRPTORIEEEE
WA HER, ERTHRESNNVERAE N, FSERMBoRRICENE TR REL
TN 5B,

241 @LHIT

EI ¥ -STEOREEEHREE, kR, BLETHREERE LT, rEB8LUXENR
FLELHTERINTORE, BRETLTHREAOCAESN TV S, B arF— 05 (2
WETFE) FHIEFED S BEEBAYHRICE s TEETH S LB, HLDFEmMsNTH
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B3, RAEICIE »C, O EREAEOTEMBOWEREIERN S NDEX DD, FRINEGHREFSNDS
LAt £, A7 0 F YA MY -ORGEDE pmEEORNEREICL T D
7, XS IENEER T HSEICETE o, RICHLENT GNE L SittEi-T,

—7, EEMSEEE LTE, BRAFOUEEREICES F U F v s CH) ORE~ORE -
Ay, BLUFAROHARIC L 3 HROEROFMOMIEDH 0, *HE MOBIEPRE S O
Wik L DBEICBIEONERS L, BEROUEL S, "1 2BEH/NMREE L TRENESHTF]
A4 AEAaORINGE M T 5 LT, Auger BFALEDEx f ¥ —BTIREONE % MEdT S
WEME B, £72, [TAuger Therapyl EFFNLZEBEREOSOVEDEEREELEEIN TS,
Zhit, REHB VIR T O LR EEFGALENE, MR IcBAE S ET, ALDED
EEOKBINEHEL D A vF—OErEVXEERN L, MOBECHRERTECSE5, K
FEONBBHCTIEREOT, SHOAugrBFORELSICL D, RFTICED TRPHICE
LETOREAE DR T EHRTE, MEMIUERBIIEELE5 22 EPTETH 5,

Exzr¥y -SFHORNEEYSHRLERT 288G, REIRVOTRIBEE $2E8D
KX BLUPELTARKRYRAEE LA NEN M0, Fig. 241, flE LT, *HE &
DHEPHREEBMWICERT - HORNBEOFMDOE LS A, MEETLHEMNOREIICX
STRUAHI EERL TS, S HAEGhTHECAT L TWaHEIE, *HO®E (A 4O/
ml) & D PEHORRGEE (29A mGy/ day) 2518450 EM8TE L), LL, #ild (~
10 pm) H5WVIFKEE (~8m) ITOH SR oEYHIReME LS DIEEITE, FHENA
ERMASOER LAY T, THOZEMNAHE LUE SBOTRE (1 pm) 2 & E L TRIAN
ORI EATME L4174 50, &5, DNAK E ST L~ o A 1% 1 4 I
BB, B - EH2 OB « BREZOFR (1~ ) OB LUPERNOEE LK
BEEBRZHLsEZE LT, ZRE2EMRTILESEH 50) _

rRosME LT, &b ERTIEHEEOE WRE RS € Y7 A otk X AREFEE
O#E (Simulation of Track Structure) T®HD. P8 KA Y DIEHEMEFFLET ( Neuherberg
munchen) @ Paretzke i3, KEBDOE T 2 v ¥ -BETEOHEMTE %, KAKXFOEE
b iz L Oy, BY-OmREr (B - i) 27 Aok TEE (MOCAT0Y 7 &) L,
FEREET & R AT B Y, NBS® Berger ', ORNL o Turner %" bFMHC € ¥ F 2
ok kA Track SimulationZfT/H0veA 20 F X 2 ) —OHFIIEITIT TS,

mEGPERE, LETA 9 vy — EEREFAGTHE) k&b, & LET HEHE (hiETR, =
P, BTH%) OFEBRN<A 70 Fe A b —ORRICES L TORds, | pm L FOZERH
TOMBEMSESTONTE « FHEARETHHOT, =¥ 7 AraEC L BB EED
oo

242 A e
2421 EEARER O OB
EUVFALMOERLBET F v B HEOKPTORBOBE LI, Fig. 2 4 21TRTH2

CH B R v E— B &8 - TE Py IKAR LB, RECEHERLAETUEGDP) &
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TOR% « HEOFEE « » » v F—BESETFAL, STROMBEFE#ROPT TP
ETHD, COBEABEL OEE < 2 LF - BEMEL HEETHILE, —DORLTETH
DRYHE LN D, FEOEL DFRERFIFHIE (RK) THoHH, TN oOPIAEEZEEN
EREELTEZ GRS,

BxinEF-BF (10eV~100eV) Ok (H:0) &OFECi, MEREILESH B, FEEHERL
o S CREHE LA S S, BEHEEI & ILOOFHMBEETIC L ORTHRILH, O
(Fe%) O 1s Husd (K—Shell) EFEHET AL, BEHIICTIEHE Auger B0 RIEH S5
(523eV) OT, COBGRIBNLIKHFMTZLENH L, BEFROFER/LSHSNI2KE
F (8 3, RoegvEHz 2 vF 42520605 &, UL b7 v 2 & UTHRHWG T 71
¥ [EICHEET 5, MEHE G, LT v - EE D 5 505, BIRRENHRICE - T
2, ROFETRLVEFZLONIOT, FHOBRE T 2 vF -2 E&FHERICEA TN b,
Fig.2 4 3%, KPOBFRBOBEMEDOLEOHEORENE R LI D THL,, B 1 iCEHE
IHEE, BRI ERBEORE L EENAEOHETH L, TOFMOBRE, BRET
BoxshdRXeLTE5L0n5, £2i, BEYRPOEEL, SEMROPTHRE S S 5E8F
BERELT, EiTT5, BEFOEEBELRECERATLETNVEREDORTO—HEHPEET
Ao OB ORI, M2 OMEFRAORE LIREESE 7 » 4 v (Track Structure
File) & LT, WATF— 7R ET S, £ LT, ZOWR T —7EBITBEHN GREFD 7 2 » b,
Ay VDR, LETHHOHE, BHNREAMOHE) S Ui ro 75 4%
VERR LT, 2IREVEEERABLITENTE S, EHE, HELBPDP-11/34D 123 vEa—¥
EE-TEYTANMDEEEIT TS,

2.4.2.2  FrZed i o

K au¥— (10eVEUR) B Fokic a3 2 BRI EREE, BEMICTHE S 1/ 7 — 5 0,
EUFHTRIC L), TREFOEE AT foicid, e v 51 20 F - HiF(10eV~100ke V)
DETRTICHT AHEMNEEO F—s 52 0E ET 5, EEHE, Paretzke # L Berger HENTE
AT I BEE L Aok OB EMARE 7 — 4 (0% EEOE b\{v‘é?ii’) @")BI& L T Paretzke
OIEABEA L THEA B K -TWb, LHd, KR7F—IPEONLBAETHAEREEZTES
FOBRALT, EBR7 -/ ABOMAETEBRANRAC LT OTARE B IL I L), R
7 — # LD TEE AR - T b, IS, Parctzke 233R4M U 7ok WU EE OWrmeE, Std
20 LR EIZE L DR S, BEONBEROE &L L, SEEEFHRICLZES T 2 v HK
OIEEREAVT, %/TﬁwDJ%KKEMﬁ«T@@ﬁ%@%E&U®WWL@®ﬁ%i
3oL — A BE Ui o SEEGE OWTEHE I, Mmm:mdm%mywﬁﬂim¢@f;@ﬁﬁu
fzo BEIEHEO 2IRETHE () O v — S Moller o' 2RV TEHE L,
Fig.2 4 41, 20X L TR NLEFOKICH T AUEHES AT WiEREpm ™ B0
-7 OWER TR L T 5, EOEROHEHIE, nmE Ao FEEEERLRT . a0
B, SABI ALY —tE0 5 2RETHORRT pvic b & &, v M EEHEE (2K
BTOEHT A VE—DIKOBERT v 7 v=126eVEITF) & ~— FEEEEE (0 BREN
[E) SRMNELT, &6i, ERFERO 5, BEOWRER OMEEL I T L Auger
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BIREOHERHE L, EBOE Y FAvosETH, & ¥ —CEd 220EHEEE
VICHBAL LI CAH A SORIEEHNT, BROBELRET 5. Fig 2 4512, WEED
B EERT. T v F—EEH T, #EHIL OB ESEZ 00T, BECL-THE, HEEHD

gD HEEHEL A L THEEB 05, Fig. 246 @, SFEFGICRbNLT 7 vd—

DEHEA R LTV D, BADECAH, Wz 58 « IS OFEOECEEREL L

TWHWOT, CORBGEENLE T 2Ly —Eke FLaREB LTV,

Fig.2. 4.7, BREEREERED T 2 v F - BEEF L TH N HELEDT-5TH

%o 150eVicHLIERED SR (26eV.nm) PG SN 5, 90eV RUH T, Birmic L5 T 4

wF R ERHERE L - T S

2423 FEFIREFOITER L OME

TBEDORKIG T AEER AL, s h e, CAE2BOT, Kb TOET OB HE
(BH) T30 EMAlgeEM%, Fig. 24713, €V Fh okt L2ETORBOHERE 7o 7
5 & (ETRACK) Of A Rd . ANF—5 %+ b LicdB, SOURCE TET 44 s
5. COLIDEIRT, ®E4ET ¢ TolNMs LUMEOBEA BTV TRET 4, HOR
W—EEHEOTRE, SYFALOEICE > THRD TEETSH 5, —MITHELN T HEELTLE
AEOEOLT, ooy e Ry, &#EEOEE (ELSCAT, EXCITE, IONIZE,
DELTA, AUGER) eSS EFid, FHO 2z £ —EEE LFibh, BRROH L
HHMAEAS5Z6NT, 2 ) —48ET, Wl x 2 v —E)(eV) OB-FI2, TORGEL
DERABEL T, TOEEShs Fo¥—%&n, KOBERTF Vs v TOZ 20 F—0ET
BHEEF 5T TREHT A (TRKEND) . d i L FAugerB M RET A &, CORBICES 5
SEEEHEREL 0T, 2KRETOMFEERICGENT 2, ZREBETOESFEDL L, 5
U b EOCETFOBWASEITT 5, COEHKLTIRODEFHE TORMTEEES H T &8
Tx B, A DOEFOLERD, MFEE 7 >4 v @ET—7) 1K, SHERMITHET 5, fIA
i, CHBE (F 2w —5T7keV) O4000 BEOMIA 1 AOMK 7 — 7 (2400 feet , 1600
BPIL, #30MByte) ICINH B & EMTE B,

ETRACK Tit, /KHic B 3 RFEEOHBBOHEG 3T, 2ERNEYERDHEER
RS 7 A B EH LT, D7 075 4 THEITT %,

243 HREEEH

2.4 31 ‘HEROMEREE

Fig. 2. 4. 9%, —FlE LT, 57keVORBT CHIFOFEH 04 =) DRPORIEFEZ =K
mt7myrbtm%m¢oﬂ Rl (=) L0AS LA 5 KAOBFOMBEERTRS .
OHNZEEE S, < HUIRESE » /oS5 R e, MEEHAEE W TH L. MERRE ] pmTHDL
h5, SEMRET A E, THEREL K5, MECKRTS LU HofaTid, S8 - 0w
EBRG L B> TOLRETESRINTV S,

i32,
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2432 BEOCWMEROHE

EYFANOETRO RS 7 » A vEfEh T A Lic kD, B#RA~7 b, LETSH,
WMENHERSELE, SEOYHEBFEIHT LN TES, ZNL0DHET, ROEARKIIY
ByF—4, BoERAR7 v Thbd, TEVFAnoBEICLDRDAR, SEO#REERE T vE
BHL, JEART P LOERIK->THET 2 vF—lHBETF (F, AugerBEFEFE)
RITHREE c 2 M7 3 sledhid, Btk ohd, BEA~X7 FVOBERICLBEHE, 08
CE2BESHE 0, AugerEE T L 2% 5208 L THMT AL EEESHTH S, Fig. 2410
KDL LTHEDIH BEORER T b vERT,

BIED T HIC LD, LET4 4Bl ED T3 v & —@ d AR AR & A L TEHE L LET
FH) BRHBC L EBEBITVES.

KT, LETho vy — (BRHFEE) 2A0T, HEICKD 51 2MENRES %
(v 54 %EIHTHILEETES, yATT (EMERdm ORCHSENAMENT 70T
—ATE) 43, EEOVIEN SERINCETH T, BTNEFETH, BHSRETHLTH
b, BT ANaERREDROBEPAIETH S,

OB, BEEdpmOKROETIC, SHERE 7YY LTRIE S E, €D B ROMIHS, BN
RS S ABHOE A RO C LK, LETAI Y — 28T H5IEBTE Do
cokH LT, FETRSIKPOy S4 (OFHEE) &, HEEMT 2 Oh TR 723
HER, 10BECEETH LI,

2433 °HAHOMBAMNBEESWOIHE

SHS EOIE T R R B RIC K BIERERE TR T BB AICE, X A vE - AHOE
B &R T H IO  MIERN TOAm AN S T &, EETH S, "HE BROMER,
B 1 pm SO TEODOT, FRAOHAEIC L) BEREDFROEAENLE AL S b,
DNA & A TORIVERZ, KBRS0 5, ZOL I L < v TOHRAN S
BEONMIAHETALT, evFhvoFdAORNFREEREET L,

Fig.2 411k, #IEDO S H D54 % 5 208 7ML TR LA bDTH S, (NERERET TV
3, MENEENTGAEZIEREFATH D, @4 v 45 —% 7 vid, fIlKANOH #E
L, B4 @RE CREELRCEE0TFvTED, MIRICEAENIIHF 3V v
® DNA SEOMED SOBRAFMT 5 LTHEATE b, B K€ 7, HEO'H #
FHELTWABL EABTE LHEENNITEE FLrThs,. QDT by 45 —E7 i3, @LE
ﬁm,mmﬁw®éﬁHﬁﬁEL,&mmuﬁﬁt@w&bt%?WT%@ﬁHm(HTO)%K
L AR EEIED AT WREET & B, BIOE%SgE Fouold, THY, ERMIEFCHAT
LIBaTHD, COBSIEE-ToA, " HAEOEL 2 v F-—BFRELTOLET 2R =&k
TEHLEWEETH 5,

Fig 2 4121, SgEE 70T, @FEs sOLEFOMRMEESRETRELs
DTHD, RSO FEEIRETSE, FEI pmETOARRL —HLT0 588, Thid
BTR, ©YFANVOERESOERESATVS, Zhid, MEDR M7 v 7 ) YIHREERE
CANTHHT EILLBELBDNS,
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Fig. 24131, 4 » ¥4 ¥ -7 vOHABERO—PFIER LI bDTEHS, ERDOREE pm
X8 amDKEST, MBEOKRESERT . Z£ L (1 pm) E HER 1 um OEWIC DS L
TWBBEDLHOFE (10F) 270w b LD THL, BADRED THRALZL] T
SHETFHOD B, *BEGAEONREE2, 3, 4, 5, 6, pmsREILTN &, ANORK
EMBEIGE T ETRb L, CO X, MEAO HRESSMICE S, IR
BEAWMOEVWETYFAMOEICLY, EEBVICEET A ENTE S,

244 % i
EVFHNDKICEBET 2 ¥ -EHFOEEREOBBERICLY, ETHECABRREET

ErHBEL, SEOEES 2REEIHE, T 50 LN TE S, *HBEOMEHRAEE IR
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Doslmetry and Microdosimetry of 3H g-ray

{1} Macro-Dosimetry

=]
n

1 pci/ml

l

0.29 rad/day

=)
n

{&) ﬂicroscopic Dose Distribution (D(X))

> Direct megsurement is impossible !
» Cellular “H distribution data

(B) Energy Deposition Spectrum (f(y))

> Measurable for 4=0.5 to 20 um
> Theretical HBE based on DRA model

{3) Nanometer-Dosimetry ( DNA level )

£ O {A) Hit Distance Distribution {(P(x))
Azt > or Proximity Function (T(x) or t(x))

(B) Distribution of Target Sensitive Site

Fig.2.4.1

Collision of OH p-ray with H,0
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® ; Ionlzation
Fig.2.4.2
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ELECTRON TRACK SIMULATION (ETRACK)

( smarr )
e

~ I,
Basic é Y MInput |
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\w/ r k_—_‘
J
_ Y N
} SOURCE r Generation of electron

follow history | start of Delta/Auger
Y
! COLIDE ( Interaction Distance and Type )
ITYPE=1v Ei 3’ ﬂr 5
(D BLSCAT| | EXCITE| < ToNIZE| (D DELTA|< AUGER

| |

¥
No Save Primary
Cutof?f :
? L
@ Yes
| . |
/ OUTPUT /  <| TRKEND | Restore Primary|
| A
Eha\g?\\ No Continue
& Track? Previous Track
Yes
No All
Hiztory
?
TN # Yes

Sumary 1—-‘"-**1 SUMARY |
File | |
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(1) Foint

dhii\? t;’i Extreme case for dose calculation

z .
“Lﬁri§;§:£§:; Radial dose distribution ?

(2) _Insider

Labelled 3H in c¢ell nucleus

ﬁScape bf p-ray from target

Radial dose ddistribution for d{um) 7

(3) Surface
Escape of g-ray from target

Labelled 3H on the membrane

Radial dose distribution for d(pm) ?
« d> '
(4) Outsider

| HTO in cytoplasm

Sink of g-ray into target

Radial dose distribution for d(um) ?

(5) Uniform

\ N ‘\( 7, Simple assumption
¢ X t "Random" distribution of g-ray
> - f/ 7 ij LET effect of 3H g-ray
(s
-

Fig.2.4.11  Model of Cellular 34 pistribution
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2.5 T oGS BEEMICAT 2E A A L OBILIER
i S O

251 RBU®»E
HEERT, KBESHEDOHE 4 F VI 5 ANEELOREMSI9T0FE L, S HHcs WTT
b ek ™, ERI90EREES S, FELTAIPLUAAY ETOSVZHEDA 7 ViC
X Eﬁ:&i%?@??{@ﬁ’ft@%%ﬁfﬁﬁﬁfm FREFERR D Bucker #iZ D 7 v — FIC L - TiThH N
T3 o@ﬂﬁw~7@ﬁMﬂfmm@HH%bM%ﬁViT%mwfgt@,ﬁﬂEﬁU;
T o o5 1 ~3MeV, amu D Ar % Xed 4 VHMA B L 51T~ T, 1974— 540z
RaAIYERERELFS w7 2T A VL }fBﬁT) Powers, Lyman, Tobias @jjﬁ‘;g) B LU
mEEzs ) 10 & - TR Lo S umionc 'Y T Kateamsm ' v Y 20 e 2 A L TA,
Katz D& A 4 ViBREHA~OL 3 V¥ —FE50EBEBELRT, Lbbzwrda vOEE
L BILSTHEH, BEHOBHCAESHHS EEbNE, Bic, HEEKTO 7 Ric
ﬁ?éiﬁ%ﬁﬂﬁﬂﬁ@%f?ﬂybtf FEFICE bbb oT, KmZ@mﬁbf
WANT A F =285 EIEFICIE - X0 & shoulder A AR dUE B 5, ERBRLTE +21°
KB LTI Katz OBFIHOESELOBHECEH LA D ETE I EERAI, THDL, 1‘%‘%9"]
ORESIEEOBTFD core " DHHERBENEUCREXICEY, B4 HETOD
core AHBULAESLIBECFI2REL TIROEE LN HIEE LTHAD L TOHRF L
A BE LT, IR B LT, TORHFEICED, CHhoHNeHle T TOA 4 YRR TADHE
(LR D T 2 Vv F —IREIFAA S T ABO G4 S EALHAT A L LB TE 5. UE, £
coli B/1 33 BAEMALIT DVT bR &1 » 720

2.5.2 @44 vick Ao B

Bacillus subtilis {17 ¥ 5 L0 B wli B/t 01975 HEEF TORBEKIT 2V THEHCY
B2 Tkt b TENLBHRE L, SEamiadtHoBHEEEic >0 TE I, H
FHHA 700 vhoDAd YEES 2 pmOSBTHELS TR 27 IKHAL L T B4 4 V%
IYRT « 745 — FOmonolayer A EHC BB 9 5, BELA A VﬁfLTTf’Gg@JFiﬁfNC
BB EHFLIZOTHRERE —LohlicH LTEE « AET5 XD ICRFTI N BHE
#joimcin,M%t%bnaﬁgtwﬁ%éna4“’oma,ﬁﬁﬁﬂﬁ4ﬁym;5
K3 F D ARFEEALDOFEEETS fd~ 1 MeV, amu Arf #+ YOBHEACR-39 +5 v 7 « 777
H—EHERTIT-TEBD, FOHER2OTEIIRITTRRS,

253 A OmigRRIcEdsRINES
KmZ@E4ﬁy-bajﬁﬁ@«®ﬁ%%%c;5i?w¥ B HmERGEORES

EEEL LD ETHAAD Ahleniz LD BSNLTHD ¥ SREEIC LS EEEEE L

20| %I4T 0THLY, TROPRKIMTRZOHAZLEARMETHSDT, TRIED
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Auvger BETHIRHB INE, L bENEA 4 VOBEL bNISAdV\J ICEESEFLTEAED
THEMETX L, Chatterjee —Schaefer EE‘AZO)T%J&@@Tﬂ%%E LTWaA,

Katz DIRITEHE Dz o Katz BINBE B2V T 2p0RXEBBL THWAY, I TH
HLBEHBRER S, Drzlxi3 4 A4 Y OEHENP O x DIEEEO L TAITREFILL > THES
NEHRBETHS

Dyxz= zﬂxﬁg(_ (1)

T CIRER (7MC$(€[L’CC=1.36><10W7 ergs /‘cm = 0.85keV, /(100 pm ), 2% aa
Y OEWEN, B34V OEE (C@tﬁ)E%ﬁﬁﬁliw¥_%ﬁ96ﬁ®%ﬁfﬁ%o

%ﬂ]@ﬁ

AT [1—exp(—]25ﬁz_% )) (2)
THZ NG, (I Ze T4 VOREBRTHD, MRKI 7 ¥ -0 FEORER

Xm= £0 5, = £(2me? 8* 1), (3)

T T R 3ER UK LT e=10pg/ cm’ keV), T:(l—ﬁz)_% T#%, Ahlen' IK Lt
HEOREZ< 6, FXOBICHTB T LY s v ORRICE —KT 5, Pierce & Blann 2 i3
@A PDOEH 1B ORI 10 EAFEALTOS, BAZ 130 ELALEEEIAELNAAVIED
WTRHLAELECA, BRICIZEASEELVT EHND - o,

Katz — Ahlen ORI 8 Dga. Katz O BRINGBIGEEFREOHEER L THLOT, iR
fisRic £ BBBIEC N EBFITAITE 5o Ahlen Pic LA, BRBEEORBERS 50E

prompt primary doseid
*g ot

2NZ
TR NEABEMERYDOBFOH, fkldorx/ 7. THEAONE8DTHD, Ex= heg/
o it kEHOMEZENO T 2 0F— kok ki (FZF4Forder 0 & 1 ODEE <y 2 BEL,
kRIS THEEADFIOEFHETE - bDTH B, TABEIGD table 2iITHZL o0/
KICHE B fiE % AV, Fig. 25 1ICB 5RBE ST, Dyix) HHALDNSOxIZHLT
Dirzix) L0 EKZIV, TLrOHETHE, Katz — Ahlen®RINEE Dralx) 2RO X HIERL
7o

D= fK[%EKf(EK)er’ZE}%KS(&K)], (43

Dralx) = D plx) (Dp(x) >Drrlxlm & £), (5)
Dkalx) = Dkz (x) (Dyix)<Drzalxl & &), (5>
D, dFg. 25 1IcRo05 £ Drz 140 LHITHERT 5.
Chatterjee & Schaefer OURIX#E Dos. Chatterjee & Schaefer 20 Jkiew LTImRD LS5
WRESZ TN 5,

LETDO LET[oo <<
9y drriin(er, /1)’ ‘

Dos(x) =
(6)

LETIOo
27xtn(e?ry/To)

Deglx) = X T,
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TTicrediry, tdcore & penumbra ERETHED, THFN
r,=(0.768 T—1.925 v T +1.257) pm,
re=00116F pm,

THb, £fe, THMeV amuB TR L LA A YD LR NF—TH5D, Dos& Dz 1 Hi#k

DIcHIZFig 2 5 28R LTHEZ,

(6")

2.5 4 IE A LI TS OO REAT

(1) Ffarzagmm
HaZfianic—EOoRSZEN S5 EREL, TOXNEINFEFHHMETHAINABTO
core DS L L EEH BT, Ak OENC UL, core DEBIF02-03 ym’ THS, — 5,
BHEETHIRI L& IICAZL S DNADESEK0 12 pm’ TH /oo WA EI T2 pm?
T273<, Schafer et al Vit -T2 pm® &V HEER NS, £OMERE, BIFOBET
F413022 gt EOSEMROI0 M EB V012 pm’ EVokBE D b ERE RSN T
BLEFRL LIS TH D, E5iT, 0.22,m* &S BEIIMEMREAVARLOE/ 4V 7
— 5 5B O NIRRT (0215 pm?) E L BT 5, b LIBTFO core RIENRERTSH D,
4 A YOBEBLSOr OFRBICENTEDMMS A A Y OEREEETTHELHITERE aDEHO
HTE ORI ML, FERIRE DKk &3 citashs'”,

_ X==a—r atr
Dir)=(ma*) ! {Fr12D(r1)+f 2”XD(X)dX+J 2x6D[x)de,r<a

X=r] a—
_ (7)
_ _ r+a
Dir)=(=a?) lf 2x 6 Dix)dx, r>a
r—a
ZZimgid
¢ = arccos ({r?+x%-a%), 2rx]) (8)
THZ L5,

CCCEM 1 @ Katz ORIRERE Drz 1% L T3 2710004, Katz—Ahlen BURE Dra i@
LTI 1A iz, Chatterjee —Schaefer ODBNEE D osiCH LT 1 iWHEBLIITEAN: a
L1000, 1A &0 fiIdESICGRAL LD THIOT, RrAMRO L HWIAFAEL, Th
TETHBIE HIdMET LI

R:[xrﬂD(rJ+:[qumx1/1ET . (9)

Dizx) & Dralx) 24 % R%& Fig. 2. 5. 30 o Deglxlicht L TR il 110785 T &5
LT WA, LET D SRS 68, Lld DkalcBAL Tld U4 4 it 4 2R L 0%
AL i AP L, NEELOMREMER T ketz OBNEREFELIHI LI
Lkt (THRRG(BIREAVLE, NERLOERE, & LEZELTOHICmBEDR
HER2 g,
P=[1—exp(—DIir/Es))" (10)

THZ oMb, BEo BFEHLTIENHED 1 cw b2 52355 URNBETH 5, NEHEET
i,
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S:f 2mrPdr (11>
0

THZ 5NB, Katz et al. DRI TICH Lm=4, a=58x10 " em #AVTV A5, £EH
= F ot T RAE R &N e B subtilis B3 TFICH L THE SN 2B HMBEYEOETREEZHAT
%1010 ZmAHE, Katz et al. WL -THOWOLAK aDBERPHBETE L, Redm%E 1 &
L, @Rz dmonTniiundns s, ¥ o core OB 22 pm ITE5 &5 na’ %
BALFE. (25 4DHDHOHRERE)

He 4 #¥ @ F—-%ik, (10}, (U1K Tm=1LEX, 63 5krad>Eo = 8krad OHIPH D Evt
ST L (Fig.2.5.4 —2655) , #OEDka* A5 & Drpd OIS SIT TR
ey NS OARER M ERSE 0N D, K ed O HOMBARIT BB A VI LT
(10), QDX R DK EF VT

Pin=1—exp (—Dir)/Ein), r<a 2>

Ps=1—exp(—Dir) EzJ, r>a a2

S:f82ﬂrPindr+f2ﬂrPadr. (13
0 a

T TP A A4 VHEF O core Bl T 5 & XOREHALOERTHD, Ein B/¥YF7 24 —5T
B5 (BE) o Pold 4 & viSHaFD core DF A BT HE EfAFH5 6 RIC L » TRIEHALE
AHERTH B, E» 12 0BT TATHHEETH LY, FHEAEEH SATOHREHOT, $9E,
% Do =63 5krad iICEE L, Bin®A% 63 5krad & Hib S 872, 63 5krad & S8krad DE i,
ARELREE, U4 /o § 5 NEEARNOEOHEE SeZtdR oniah -7 (Fig 2
56) o Einld He A4V it ¢ 3 REMALMEROERBICL > THEEN L, bLE 8 —
10krad & D{EF #UT, FTEMSERED T 2 v ¥ -0 Hed 4 YicH § 5MEMAOEREL DR
ZOWEES5AS (Fig.254—-255881) , —F, b LALEfERINA4 >~ (Fig 2
5 6—257) kL T8—10krad TH B > TCTB—10krad DE i EIEF NA & ¥ L{Ex F v
F—He A A vOERBELBMIFTEL LA LD,

L TE; 463 5krad IEE L T 0, EREICOEL DI WAlHERSED 5. Howard —
Fianders % iz LA, o d A LETS%E 10MeV, amu @ Hedf & YL T 5, Fig. 2
5.4 & Fig2 55 kcBonskHic, 5—6MeV, amu Hed 4 Y Ikt 3 U5 i3 Dz & Dxalc
1% L BEo =30krad, Des et LT40krad OB LIKELD > TWah, ZHSDOMER 6 FITH
+TAE;DFRTHEEEZ LNS (10MeV, /amu @ He 4 # Y IZHd % Eo i35 —6MeV. amu
He A # Y EDDORDRELIBBTHA D) o it »THA I Drz & Dralc ¥t L T30krad, Dos ¥
LT 40krad & Es4BEE LBFAT -7 (Fig. 257 —-258)  Usgv & Xedd ¥t 20T
HEi, % 8krad <E < E; 0BHTEZ CHUDKTEAONSSOFEECBMSOEES
B2 WG EMD o1, Be=635krad MBS, NAA VIR L TH&OB LI E 3810
krad TdH o770 He 4 2 Vi LTSREELTEL DEICE->TRESHT &M 5, PIARS
LBy % 10krad lc@E L, Es% 10krad # 563 5kradic i & #4ud, 6MeV.amulc 1T
W RS (2420 % (6L 5%, L LZOMBRETEES, BEMOERALDBIKAREL LTHL

(Fig. 264 — 255) o CHODHBEIBEOTHRAE T %022 ,,mf &L, 72° 8030 pm’
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CLTEEOFRBHEEARBCTELN, NECAFYoOlERD 7 7 + — RO SR O A A
B, mal%012 pmP e A EEMHERITE oIRHA LI (LB,

E. coli B/r OB&E DI =365krad Y 420 F 2B - TE, = E;=366krad, 7a’= (.44
PP EiEn ERBEBOMAFIBENTACENTES (Fig. 25 9) , BERETDRE L

S TEin=B:= Dy, CHHTE 20RBEHEEDLETRENIE LAV LERLTVEHOT
FRosLlEbh s,

) TREEHFEAL

T NE Tl CIREBNSNEIE TS S & LT, HACKEOBNEREL TA.
SHI Fig 2 5.1010RT &S HEREDBES EFH L0EWNEL L, Fig. 2 510 ERHRT 0%
5TH BH, B, coli B/ OBEARMECHEIL THMNEOEALE LVEREDL -7,

2.5.5 FEHLOBMEIZONT

Fig.2 5.4 %53 Fig.2 6 5 iR 51 5d & Hic, Eo=30krad Xi340krad 239 2R
BF 4~6MeV,amu He 4 4 vicd 4 AEBICA S NEHALMERKR EHERE->TV0 5,
F7, {Ex ¥ —Hed 405t 2EBH SR ONFWEREBED B EOMBREHERE
4%, ¢ OHEFEE Horneck 22 #3577 Lz LET OB ATIC ¢ SEEREOBDIT L - THHTES L
Hpihd, RBEOE—27 &% 72 0.8MeV,“amu He 4 4 YiZHHY 3 54 150keV,” pm® LETIZ
BOTHPND (Fig.2511), XMI1THEILZIKE I v/ -7 AV IETEHe 4 7 7
Tk - THTA REALE 210 TE X2 8 4Ll Lo * primary ionization ™ 43 0ADE T v
g e AV EATELS EpnEESNS" Y, T, CRECTOBEDAF Y HTES
LIEEEEh BAE 22k 5 & WV D EHEA BEINIT L, “ Primary ionization " {3 E# DNA 2{E D1
BT, BEDREOFETHA0HI VALVERERT 3THAS S, OHI VU VOHH
Bl 60~100A THB LS PATNED,

U4 # Vit LTI, STES A AERLHERE IR Es %63 5krad (EFRE) £&-TH, 30
krad (Dkz & Dga 54 5 FR) £7:id40krad (Desicsdd 5 TR) & LThH, T
Schafer et al. ¥ OEBH B oNWERKL 0K MELTS (Fig.25.6 2580 o Z
—33, B =0 1OEAAY » + 7 » 27 OLS HI0ANNTHIGA LT TORT, HFRD,
(10A) =10 ergs /g & > BEEBAZH (Fig. 25 1), Big® A4 YLERIITELH DL
B b, COLSCHEICHEE R4 4 LSNEET « ATREFOIEEL ™ 0WHY 3
thermal spike 510, 25) 4 (hock wave AR C, ANEE/EmE D o A D T %
ECTERENLATEAD, BAA Y OEYHNED § BOTE L DEF ICE TCRIRREEEY)
H (long range effect) EWHT EHHB, THE ’6‘5}@%%5) ® thermal spike FHRIT X
EBTANRS SN TED, AR ENA v THEENRSE > E O HBL I TH BT,
COBREDEA A4 VY LLOMBIRI 2O E LB > TWEL, Johnson & Inokuti 28)

*

% Roots (Ref . 31) ¢ Xk #ut Okada & Roots (Ref. 23) #5Bh#E B D0 TR LA XB DB E D
OH radical ic X BRI HE (~65%) bArA 4 Y Tid~ 0B IREA, THid chemical core AT
D7 IAAELORE (Ref. 24) it X DESHRSORENS D TES D,
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WAF A RERD RS ) v T DINEBIEFEICRKEO L MEE LT, EFRECRE T 7 v F —
@ﬁ@ﬁ@l?w#—mgbof@<ﬁh%#L<ﬁ%bfwao$%W@K$Ué%4ﬁ/q
BEDGRLIDIHIBCLLEARPHE DT HTH B, Jax_de:EE@J?E]& L Tidion explosion 2
bRETCENHEWERLNS, 1§45, Matsui & Tmamura” thﬂ&iN/f A Vil & o T thermal
spike W hB EBHNE T VA VORRESRIDBETH VI ETHO, TPk D NEHAL
MNA A Y &H 0T Tl STWAEEEMDI S BH3, THHEHTEZ LR LK hEIH
5 ERBIAT ~NEREATD 5.

ADRAD B PBE I B @A 4 Y ORFAEHIFD core ic X » 7o D37 B FHRE I
Mg B, NAA vEET 7 ¥ -Hedf 4~ (LET >150keV. pm ) i26fd % 8—10krad @

E i, it Sadaie & Kada 30)755'%{’*': L7 i’epair deficient strains ICxtd 3R &L Dyy (~24
krad) 0 SEVEEHE-TWE, ZOE H7ENE, HE 4R D HRTF O core DLHEEIC
DVWTOEETH S E VS T &tk > THPESN I ANV, TH L TAE, HEin
Di7 i A4 Y ORITE » THRIBZZB LBLORES S LERHEDE 5 TH 5.
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o : g Particles
: C ions

e : N jons

a (O ions

x + Ne jons

* 00157 for®C,, y-ray £

50 100 200 500 1000
LET (keV:pm™)

Fig. 2.5.11 Relation between LET, and REBE
(1/D%7 = 0.0157 krad™l).
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2.6 BOHREREC BV CER S BMBHEORMIE &
ZICHET R - 5T - BFET—2

mHET B M %
£ &

A ORERER R OEEOSEER L, BT AEROBINEEICE LARET L LD

L, BEAOEBIESEEESTI 240 L, 4 RREE T BLUTHERINTV S, BF
CEERES s NS T TOBR S FDEBRICE VT AREEICZET 3RTIC OV TERL, X
W@ E BT U SR TR 1 B R TR & F AU LB AT IR Y
T A — T DT Uiz,

26,1 FASS

BSHRIEEIC S W TH, BEOME SIES O RUBHL SR UT, HEAR ENEE,
target volume &) TR RERE 54, o oRBoRSNEREROSVEE (BiEE
28 organs at risk £V D) OBEBRETELZF/NELTHYMORESMHETET 5. B
AR TN BRSO S EE L T, IBESRSREA LG5 L BERMN R CRHE
BB AT AT B o MRS R QBRI KU, ENMRORERLE EBEREOH
WL, BT A HEORINGERICE LKET AL EDBR > T0D, TDT LSS, BED
FERERSOBENIEEE LS,

CITIE, BEBEBEORBEAS LY TRAELAOVERNL L CERESAE L 20X BRMIC
BOTEESEICBEE T AR T >V TEHICR-~</ LT, X, EFERUHEPHE-FRIDEC
51 BTGB oML & F TGRS SYMEN T A — 5 15 ST O REERLIC DV TEE
BT B

9.6 9 EUERELIESRSOBELS LPE TR LECERRUVERS NHAHBE

B EAERERS T 2 v ¥ — X BEBOMREERICL > THEL M ELTE /o, 1977438
S ORED 7 — 4 Tk, Table 2.6, 1 1R d £ Hic, BHEARE O 5 H30% i 685% A,
cimc R LTV aY . ZORERBRENO b0, BELEEALAREBLH TR, 55
BOBEZHEESRLI0B TS &, BOHBENTIS, LT FH-TLEI L EMRDP-T
wa?, (Fig26 1) . LT, WENELOBREE LA S SIEELABTSS "
(Fig.2.6.2) o X, EHAHORE tHBicikEL (Fig.26.2) , REAHEFIRS (LR
CHEBENNSLEE, BRHERA/NES(TFLnicR, 2V —sHERE (CT) B&%
AOTEGARAFRICGMEL, BHEFTALTRBLIABESMEERT S20ENH L. £
S4Btk -T, HERBEMATELIDT, 5L TERL TOIEAGIHETE 3 rlfEtEA
H2, X, B LiEEREICEINT, SBORBOHELRKNICKINTES L0 S, LEOX
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51z EfmG, ICRU (EEHERBEATEES) ©h, BE~DRSERANES TS 2%
Pk, SRHEETES BUFKTABRHSHDE LTS o X, KED R GESILES
LT, BBOHNGEE T2 5%, ENEBOHNEE2 3%, EEOBENKEET b ZDRE
uww&ac&ggﬁbfpéﬂo

263 HURESOBR & REEE |
HEHRIARICR, oD SRS IR T 3AMBH &, IS 5 AR BE NG
i | CIRG % A (B ELNRBIAE S B L brachytherapy & 1 3) BB 5, N 5O
B OO T, BHICHT B REBIEGICES F CORBIEOBIZE Fig 2 6 3 KU Fig.2. 6
SICRE . CHODERBICE CHREFMEICS 5 FARSESEASNE, X, 7 HONBRY
CoWTREDRECEAMESHTVEY o 2RI DO CRIICENS,

REHRARE TR, AKE REHEMCEHE 7 » ¥ b L2 A0 CREERETL, 207 -5%
SN LTI SO TORETIA T 50 AR 7 ¥ b A~OREIRSORRTET 5
bDEEENORHOEBTIEC 5 L0055,

2631 77 YbL~ORERTOANEER
R B T OE O FREE L0 KB THE S AT 5%, HRESOTCREIE 20T,

W B BV SRR SR IR S5 A — 5 A MO TIRES ATV B LA D0T
FHRTENS,

PHETIE, BEESECRV SN TOBRENE, BRI E b v - ) T 0 Db BIER
D TIREIEETRAE Ui B AR RS RS B G R € v 5 — (RECUET) ORERE
SHCRESATV 5, SHETH, Z0HEIEE TRIEEORAEZNEL, BakiEics
BENTHATCVEBIHARTET 5, B3 77 v AHOHIESTHEL, SERTTD
BELTHAFENEBENREUEZOX BT DO THOBHR THE L /LRERERREAVT,
BEETOHAERD Bo 00 SOERIETOAERESRES N TRBIISTHRE & 558,
Loevinger? OFHETR, FHIC & CRETIDET > TOHIELT 2 5%, —BEILERTS %

BEETHL,

2632 BE~OHHOBRE RSN EER

BEFCEEL GRS REEER, D77 ¥ baTESO F -y 2 BEICEBRT620IKES
LOT, BEOBIE (K& X0ME, REOMY, i, BRLOREHEE) ks b0, CER
HE OB T, BEORT, BECHIFHNEB L 2B - THETAILIKLE b0, BQEE
VB A e T &, EHEI &AL PER A ENEH T A EILL S L OD IRITKREIT E 4.
Cn B DERI &5 AHEER & ORELOMPH S TUDBEDE L. |
BIHOBM TR, COMITAR I RITETSCAREENS 5, MEME, v 1< 3BRHEE
Doy b, BHEE  REOEEREOEEDNTA—IDEy b, - LDHERDUELLDED
i BRBEENEINT, THLDIBETCE - ADMBERDOROBRLE D,
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264 HEESEBECEIZENREOTMEEL ZOBEIRZE T YT NZ 4 -5

INE TlB~Ic LS, BEEEHTERBRREDEERBETARTEPEASNLY, €0
HLETHBECHARTINTHRERZODT, PHEN 7 A —F HEMELELTVCTH
HOhEZEZNRLETHL, L LEEOEESEBE IR ENS L L -TEL, REHRL
CTHEAHAVWTIYEa— 4 TCEHTLILICHE-T, BEREOBERZR ELTE, €0
oI, BENTEICEG LEREN S A - s ORE LBSKELIE - TETH 5,
TE/NGEIR, X o 74, BFHEEUVEPETEICLZEEE T A2 HNIRECHEL L TOK
BT 2T T RUOEF -2 IC 20Tk N5,

0.6 4 1 WE/NGEBECSE T RINESE
DHAE TR, P Ra, ¥Co, W Cs, PHria bt 1 BEEE rfIEE LT, P A, P IBSKARIA

THEE L TREHESNTY 5
HIA B DG EEDS Ae (mCi ) THBEEE, &r(em) #hiimOMBMOBRNERED(Gy) i,
t Bl TR

e [t _ :
D:g_mx.f:g_m%f Fs Ao PP T (1)
0

X BAHRE (R) :
f : R—rad BRI T, BEXDTL A4 YHME/ES DICHEL L 7 0 F—-W=3385eV, 1

FUREETEE | 1= 0873 (fan” 0) tissue / Fen /0D aix wworromssseees (2)
Iy BEREREH (Re®h ™ 'mCi™ 1)

Fazzi'PiFi(hyi)’ ...................................................... (3)

Fi1194-5(1uen/p)atr'hyi ...................................................... (4)

hviidrBoxi s — (MeV), #en 03 EEL 7 ¥ RIURETH 3, - T, WEFTE
it BEEORERE, R, Blrg (RXE) oz ixad - L, ERRUHEBOER
IR F R RE S HETH D, EBRICEHAEEA 2P 6T, Tom OERIKET D
TBFHERER D s Ao MALE L THNIEE 0.

mERTREET ARINGE TERT B, Table 2.6. 21 ZHErBIEOHAICHT 5 21T,

2.6 4.2 FAITEEX ¢ r BHORINER
PHETEOCor BRU4AMHOLIOMVEBEEOE t i vF—XEALE LTHO 6T B8,

400 kV LN @ X #f & =V AR TR I R 150,

206421 ANKVELITOXE

00KV BLUF O X Bic oW1, BRIHC RH R OEREEN 555 5, EATH X RORE
oW CRHE B TRIE LT 5B CHlET AL U,

150KV A5 5 300kV O X £ (HVL 0.5mmCu 2 5 4mmCu) i€ 20T, KPEOFKIES d(5em)
K ZOREOXSIOLTHESEE (REM) TRIELAEEHOPLES 0, XELH
BUEEEORAHEMET S E, BHREHTOEFORS dIKH0 BROBIEHED varer (GY
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Dwater= 0.0l MNy, ,
M ARHIE, A4 vEHAREARELE
Nw2a : BEAEOFOEED XFICHT 5 BEHERIEER
f © R—rad MEGHT, XBOHEICL>TES, Table 2.6.20Ex 5,
BTG A —~ (M Gy) TRIELTHIEAICR, TOREERENL. & T4 L
Dyater = L 145 MNy, , f
40KV 7 5 150k VO X (HVL 0.5 mmAl A 5 8mmAl ) OB&iIci, wERDEEgELFL
WD E RIS CTHIEL, mau  DIKD BRI E Dyater (Gy) ZRAL DR 5,
Dyarer = 0.0 My, ;f B
% i% Dwater= 1.145MNy, ,f B
B WHRHEMGHT, 77 VP aB0EENERMICET ALABEICHTE Ty v LDH
BEEDEMICBI HLAHEDLE VS, BR0 OEHAEE TOEBR 7 » V4055
BaEEHuBa%E L L, BREORSIbE—LT 5,
WA FRRXBORE LBHTOR S SICE - TR %,

26422 SIsanrF—XiE

WE kTR 60&T¢ﬂé%¥ﬁ®%A%ﬂﬁf%éo
Kb IESdI, PCor BOBSHRTRE LABHROPLAREL, XEeRE L
EDLAEMET ZE, BHEESKOLEDOFES dILET 5 KOBINIE Dyarer (Gy) i3
Dwarer = 0OIMN, Cz rovmmrmmn LI LLIaETeTeE (9)
M: KGHRIE, 14 EemELBLAE
Nyc : BEEEOCor BT 2BEEERFEHRT, ERPICE VT RAMTRIE
i B EA~OERERTHF = 2 vF —OBERBHFEL CorRitd s s ZER N —~
(BAI Gy) TRIELEBEICE, TOREERE N, £T56&

Dwaler ]I4OMNk CCR ...............................................................
“Corﬁ@%@cﬁ,%ﬁ¢f%$bt2&%¥ﬁm4%ﬁ%mﬁ%&ﬁémﬁm,@ﬁ@%ﬁ
1146431140 & 15 5 .

RIY R ~OERFRECaid, N ic ki

— Wair Swater [(lu(‘.m /p)water}
=Aw-* c . o | - - T § PR e (11
Ci A A ( e ) (Sair ) P (Pen /P)waIl ! )
e - BTOEMT, Ware=0.873rad /R
= 33.85 J/C

s BEMIEEE

Hon/ 0 EET 70 F —RITFHE

P, - BEEABL CEICLS LB HEERH, BRIEME 7 v v RiTHd SBEREE
Sde TR A KV 75 7 7 4+ 0.97~0.99, 7K0.99~0.995"
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Aw, Ai2®Co 1 BITHT 5T

Aw= { (#en./ Plwal }D ( Swal])

(e P)air Sair /¢
A= Puall ® Awart” Po  rrrrrre preevreaneaeanan {13}
B DK L e (14)
D B E .

K:#—=, K" =K({1-g)
Aoy 0 BEHOBEAPHES Lo E0MBIC L 5 X BROE R UHELICH T
BHERE
DCo 7 DS §=1.005, Away = 0.98~0,99
P.: BEEERNICTEROERE b AL d 5ERYE, SBP. =1
A *AcREWET o 7F v o 7TOMEEESIEE L, PRERY 1 RICKET %o
MXROXEOR LY, S anE —XHEORISEFMGOBEZ, BHED Co 7 ey
TAREEHECr OREICKET S, CIRTERICH T 2KEUBE#EOBREOERHILGELT,
Bl &GO EE T A ¥ —RINGERO LA O WIKIRGET %,
KEOY RS SS (HPA) T, 757 74 MEREFEIC DT Berger & Selzer (1982) ek
BH LWEEIIFEED 7 — & & Hubbell (1977 % 1 £ 2HE T 2 0¥ —BINEHO 7 — 5
WCCIAHELELTOSY . Z0OE% Table2 6 31074,

2643 STirF-BTROTEER

C OAETREGER, ~—FrovdbHET A2 0o v oD6~35MeVIREDE TR
DIBEICAV HNB,

S arEF-—XEOES SR, Co rick VERBEE X IEAN — < TRIE LS8k
HOFEHPLEKDOKRES dIZRE L, BTRABH L LEORSEMET 5L, BEFH
WO EEOBES diICH T BKOBIE EDwater (Gy) i

Dwatcr= 0.01 MN_X,CCEPE ............................................................... (15)
Rﬂi Dwater= 1. 140 MNk, cCEPE ............................................................... (16)
THEbHa
Cgp: BYHOBLOBRNEE~OLHBERHT, ETHROART F v ¥ -LEsLL-TEL,
Wair Swater
s AW N AC - PO e L T (17
CE ( e ) (Sair )E )

Prp : EMEAB I Lic k5 BE A ERE
EriaF-XBEoBakid, CLOcBI M LAHEP: 2#8ATW S, ETHEDEEICHECe K
BIMTRMAA TR TSN, £0R D EEEOFNDLEEREODLL SIS ¢ 54
 ERUBIEOF % & - T b, Table 2.6 412 Cp%iRd o

BT RIS OEER  Co 7 B & HRILERE Cr OREICKEL, CoR %R
it HAOBERRIL RO WORK TS 5.
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2644 FEPEFHEOBRNEE
PAETRKEFELERFICB VT, #4700 Y E2H0c30MeVd+Be XU 14MeVd +
Be R FASEBICA LV 5R TV B, R
T IC RN r GHREL TV, L b ri@EEPEFEH ETREMD RIENRR
BOT, 7L EPHTHOBGEENL T T 2 0ERH 5, 20inic, PHTHE 7
BICRBEORES ST 5 THNES GERCETET 220 5. A ITHBSEERRE) &dtk
FioEREO UGS RS8BT UE 23 5, FIZEEMEE 757 24 28/ LT 7
oy, ERASKEECORE LT 7oy —CO, B, BHEE T VI =D 4, ERRBET VT
YO0%, A& V10% & LAl Ar BEFD 22— &L LTHVWS, MEERICEERICEVE
X0V AEYXAEEAFAM RUMy , BMECKE r S HBRINEE TGy Ba Lz & &
DL LY REENEFAMo ROMo &5 &
Rr=Mp/" " Mor=krDn+ hrDg et {18
Ri=Mp,”  Mau= KUDN + huDg oo (19
Dy v TFofdiic i 2N EE (Gy)
Do SEFOMMITE T 20REE (Gy)
kr, ki BEERORE r @20 TOBRECNT HRIEHOP-TFIC OV TOREO L
hr, hu @ BREEBROKIE 7 8 DV TOREICH T 3 BEEOEF OV TOREDL
(18}, UNREMNT

huRr—heoRy
D e MU S T AL O
A huRr— hrRu (20
Do BERUTRURT o

“hukt—hrkuy .
kr, he, ky, hu 2395000 (2)XER O THRT EXEFORINEESEF| & ICFHE TS 5,
LisLdb AETHORNEREFHT2IE8ICE, BT i rF—XB5 5 REFROBALE
Bio WHEABEREEEMDL T ST AHIESLETS 5,

Broerse & Vi | SIS REER iC & BRGS0 % 15 5 ICRU 7 PUALAE Y 0 BUR IR 4 KX T
ML TB,

. _ 1 .
Dn+Dg=Nge (7ka)o* (fdcdr ko 1. B sRp=(mkg)p —oooeemeees (22)

RENROMET, BEGRNET, BFECRAKE TR, RETRHARSHEEEELEKRT S,
N Wn (Ko Kedn

(Smgle Wo ((Zen/0) 1/ (#en/ PImlec
HEL B ICRUBMAR, BFEmIHRSHERER (A—160) OEMEEERT 5.

Neg @ KIE 7 #icst 4 2 BETRRRIEEK .

ks : ERETAELAEEOBHEOREE, EVFT o7 F 07, AT LIREEEIT

PR R ey IR 54
fo @ H#cd s Rrad BREER
dr - BEREIEGRE

kT_1
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e SO A B ORI T R B A
S g | EHHRAOSUAICK T 5 BEME ORI L K
b REBICE VT & T IO T 3 B ORE DL E BT 5 70 Dl
tkp - LA RICHT BKLEE
W, Kk, Pa P BT 72 vF —XEDBEEFELTH %,
TR0 RIVRRIEO FREREL, KIE 7 5T55Co 7 HicH ¥ 2 BEHERRILERE
B, W, Bon /0 SmeDRREREDMIC, THEF R IH T 5 WK A — = o FEE R Ik
5o

D 6.5 MIEISEEI ST A — 4 kRSO AR

2651 @I FLF—XE _

ICRU €1969) "¢ Ca%k At 72 K OB EO REEIE ARIT L TV 5, ZORERABE
LT, BRI NS A - S DABEE SR -/ DM Table 2. 6.5 TH 5, HEMiEsELD
FREER DR AR 0, Fig. 2 6.5 I Hc £ 2 ERALEsEkoMEE R4, Fig. 2650 1
56 E TR Cor Bittd 5 60T, ARNOEAREE > TEMEEEELRDTL23%
L35, TEBIEFIOMV XBICHTHEDT, @AHEHEIII3ZTHS, HPATIRI983 FiC
FLOCIEEZRELEY, 2hrAVTE ORI MERBORETER, RIEBSEET2%, 35

MV XT3 5%ELTHEY .

2652 EHriuw¥F-BTH

BT ALy —XEETRA SR CHEREN S 4 -4 O TVL0T, RIEEIHNO AHE
BT A vF—XHEARETHE, LL, EBEBOE - 220 THE, ETED AN b
OFEAXFELOLERCDT, BEFHOBERXEDAANL O,

2.6.5 3 T

Table 2.6.6 ¢ Broerse 50 0 L - 7o SHIEREEMI S 5 A — & OREEEETRT. We 7 - <l
DAFEEEMGE RS, Table 2.6.7 KEFR TROBERARICT T 2 WDEEZ /RS, PET
HTAWOEODKELEFIKHT 260L0 L1800,

71— < {8 EE ICRU Report 262 1230MeVE TEZ 5R T 5, Fig. 2 6. 61cF D 1 HAK
T Lt. Fig 26T ZF07F—s52RICLTEHRELL S —?J:t’f‘, tissue approximation® 1 &
Lo BEMICHOL O TOAHBEMT 7 2AF » 7 A— 1501, AT oRTCHAE L, O
AL DT, G awF—tETics L THE L ORESRKE O,

30MeVElL FD 3 n¥—0hHFictdd sh —<FEE, 5B L -TZOENEFLLE
50T Table 26 6 D —wHEG L 2 vF - BHTFIOH L TRREEESAZ 5T
%
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266 4T

HERANTVAED, BE~NOEBEERSKEL2EI TILEERNH - T, 28R 2VWTOANEER
AEHBLITFT R CEETERE TR Exali~i,

MER ST TOTH OB TS AHNEREOFMTE, WIROREHRIC>0T S, P Cor#l
DR E L EEE N — e TRELLB#EEEHVAOT, ChOREFEVEELSRF L35,

XEOHNERFTMORETEZ, "CorflT2%, BMVXEBTIHEUTTHD, HEFEY
NG A= DIETROREVCAEES IEEHERTH S, BTROXBLABETH S5,
WIFEIEBE A R7 FvOFHERXB LD L BLOT, BEFHORELEXELDED,
W0MeVEL T O T d ¥ — DT H R NRBTFH O REEE X 55 TH O, PEREN/<
FA=HIDHILET, WA —<HOABEESRELRAE L, 20MeVELED 2 2 vF—D T
Sd B A - LORBE L & i, 3k, 60MeV LIEDBT AR/ (P+Be ) PHETHA
ERBEBINTOEDT, COEBOMTHEOS -~ HOBREE ST LBV H 5.

N, R dor ¥ — y EEADOAER/MRREEER O C LD EWEA 4 vz Ty
BOTC, INOOHESL VIEEORBPHETH S LEET, (hsogRORERIEIC
VERLET, 2 TRUET - OREMBERE LTS,
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Table2 6.1 KE &3 5EEELRIDAT (Perer, 1977

BEEEDs | DO s | aRESOS
HE (B 2 35% 35% 30 %
. i 10 25 65
fit i 15 25 25
oo & 15 65 20
¥ = ) 10 50 30
[T/ - WHEE - MR 40- 45 15
ez i i 50 25 25
)ovoN i B 20 20 60
= i i - — 70
BREEHEHX I 0L

Table 2. 6. 2  400kVEI T O XBOKERUERE r BROHA
it 4 A R—rad PEEZK

XBOEMHEE | Ok TR RGN
(mmA! )

0.5 0.89 #8Ra 0.961

1.0 0.88

20 0.87 *Co 0.961

4.0 0.87

6.0 0.88 137Cs 0.961

8.0 0.89

1% Au 0.961

(mmCu)

0.5 0.89 192y, 0.961

1.0 0.91

L5 0.93 18] 0920

2.0 0.94

3.0 0.95

4.0 0.96

* W=133.85eV 7 & »xf
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Table 2. 6.5 ®'Co 78l OB ERIEICE-T{30MVXEEO KD
& 1T 2B BRI O A REERE

HMIESE NS A~ AEERE %

L EEitoLaM 0.2
2. RIEFEEI Ny, & REMIE 2.0
3. Wil 1.0
L HE T v RIURR DA, Y
5. A=D/K (1—g) 0.1
. Awanl 0.5
7. %°Co 7 £30MVX® Bragg —Gray & DA% 1.0
& HEMIFsEE, (Sme) 27 (Smg) ¢ 2.0

SRS (BN O FEFIR) 3.3

Table 2.6.6 PH-TFIIBITE 1 5 AR OR RIS O FHERE (Broerse b

B /T =: =~ S G P 4 TEEE S
L MfEEmERFEO LS Ro R 0.2
2. RIFIEGREL (mkp) T 0.3
3. LR drp 0.5
4, ROETH « BELF IR R-rad fREHEE Nee (mkadee (f )¢ 1.2
5 WiE Wi/ W 4,0
6 EEIMIEAEL N S ) o 2.0

Ay (Ki/Km) § 26~97"
8 HEExIF RGO ((#enP) o/ (Hen )] ¢ 0.1

S AKEE (BEMOEHR) 5.4~10.8"

* Bewley (1980)ic & B2 &, BOA DML d (16) +Be i+,
SV OMEG P (66) +Be AP L TEH SN S,



Table 2.6.7 BREXUKICHTHET,
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a B F, BB U TFO WeV)
(ICRU Report 31, 1979°")

v + Ar N2 CO» e & %ﬁ%{g
a ¥ F 26. 4 36.4 34.2 35.1 31.0
B F 26. 66 36. 68 34. 37 35. 18 30. 03
EA £ 26.4%=0.5 | 34.8=0.2 |32.0=0.7 |33.85+0.15 29, 2%
o F - -— — 35* | 31=15

@15 3MeV, p:1.8MeV, n:1~14 MeV

* ICRU Report 30, 1975'5)
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3. HFE DM E
3.1 ZEICBIFLEZEEYRT— 7 HmENICOWT

RER HEH ®E
bicmedical physics @RH THEIFEF KA 7 — 45 v~ 2AOPREFEHIE UKNDC 0
iZ#H A Biomedical Subcommittee K BT 1974 Er STl b TE TS, Fig 3. 11K
Add DIt UKNDC (£ INDC &SEMEEAE - T4, Subcommittee (£ 1977 i iE L
F 4@ List &R E LS, 1979 TNE TOEBOE 8L VL T0B, ZOERD
EEOOTIREF TS - BsEnsAT R0 Y L500T, C0TH 1979 E0BEED
WEEIR~, FRFIAEEZSEICRT & & b, BFEIC UKNDC it 4172 Request
List 289 &ITd 46, WEBELR 1) K| HENTO AXME LT the British Library
Lending Division (Boston Spa, Wetherby, Yorkshire) TAFTX 5,
{(4) Radicnuclide Decay Schemes
biomedical user H& LTHEHEROD 4B EF NS,
Dillmann, L..T., von der Lage, F.C.,197%, Radionuclide Decay Schemes and
Nuclear Parameters for Use in Radiation-Dose Estimation, NM/MIRD
Pamphlet 10, (Society of Nuclear Medicine, 475 Park Avenue South,
New York, NY 10016, U.S5.A).
Martin, M.J.; Blichert-Toft, P.H., 1970, Radioactive Atoms, Auger-
Electrons, «, #, v and X-Ray Data, Nucl.Data Table A8, Nos. 1 and 2.
Martin, M.J.(Ed.), 1976, Nuclear Decay Data for Selected Radicnuclides ,
ORNL-5114 (Qak Ridege National Laboratry, Tennessee, U.S5.A.).
ICRP, 1980-1982, Limits for Intakes of Radionuclides by Workers., Publi-
cation 30 (Oxford: Pergamon)
HOEDIE A — oo RTOERKCIEL/AZEDTH S, EETEH UKNDC D subcommitiee T
Legrand, J., Perolat, J., Lagoutine, F.; Le Gallic, Y..,1975, Table des

Radionucleides 11, Laboratoire de Metrologie des Rayonnements Ioni-

sants, ({MRI), Saclay, France).
# 5% the Chemical Nuclear Data Committee THOMA TV A, $7/ ORNL O 7

— 5 7aY 2 f PDEIUTF —H Y —ACHFETHLOHLDBULAENENAL TS
WO DB THAD, ORNL @ Nuclear Data Group & #HliEAKHEET ~5 7 7 1
A (ENSDF) J &{# » T 5,
(@) Neutron Activation Analysis

B TERIEOSREMED O, EMFEMic B0 S ZTRICHT ZHEAET -4 L0 T A F
—RRICHI > TAREEN D,
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Erdtmann, G; Sovka, W., 1973, Die y-Linien der Radionuclide, 2nd edn,
Jul-1003-AC (Kernforschungsanlage Julich, 517 Julich 1, F.R.G).
Erdtmann, G; Sovka, W., 1974, A Table of the y Rays of All Known Radion-
uclides, Nucl, Instrm. Meth. 121, 197-201 (Summary of Previous

Ttems). .

IAFA, 1974, Handbook of Nuclear Activation Cross Sections, Technical
Reports Series No. 156, SII/DOC/156 (Vienna: IAEA).

Mughabghab, 5.F.; Garber, D.I.,1973, Neutron Cross Sections: Resonance
Parameter, BNL-325 (3rd edition) vol.l (Brockhaven National Labora-

tory, Upton, Long Island, NY 11973, U.S.A).

i\~ Excitation Functions
KENEEMNS L, McGowan 5 O—HOHME FEFA~OFMIN A FEL-T05, Keller

LD EDPERGHEMTH S,
Keller, K.A. et al.,1973, Excitation Functions for Charged Particle

Tnduced Nuclear Reaction, in Landoli-Bornstein Numerical Data and
Functional Relationships in Science and Technology, Group I, Nuclear

and Particle Physics. Vol.5. Part a, b, ¢, {(Berlin: Springer

Verlag).
McGowan, F. K.; Milner, W. T., 1975, Reaction List for Particle-Induced

Reactions, 1973-74, At. Data Nucl.Data Tables, 1% ,189.

Way, K. (Ed.), 1973, Charged-Particle Reaction List 1848-71, in Atomic
and Nuclear Data Reprints, Vol 2 (New York: Academic Press).
Includes:

McGowan, F. K.; Milner, W. T.; Kim, H. J., Hyatt, Wanda, 1969,
Reaction List for Charged-Particle-Induced Nuclear Reactions. Part
A 7-3 to Z=27 (i to Co), Nucl.Data Tables, A7, 1.

McGowan, F. K., Milner, W. T., 1969, Reaction List for Charged-
Particle-Induced Nuclear Reactions. Part B: Z=38 to Z=99 (Li to
Es}, Nucl.Data Tables, A7, {.

McGowan, F. K.; Milner, W. T., 1870, Reaction List for Charged-
Particle-Induced Nuclear Reactiocns. Z=1 to Z=88 (H to Cf), May
1968-June 1970, Nucl. Data Tables, A8, 199.

McGowan, F. K., Milner, W. T., 1971, Reaction List for Charged-

Particle-Induced Nuclear Reactions. Part I: Z=1 to Z=88 (H to Cf),

— 79 .
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July 1970 to June 1971, Part II: Coulemb Excitation; 1956-June
1971, Nucl. Data Tables, A2, 469.

McGowan, F. K.; Milner, W. T., 1972, Reaction List for Charged-
Particle-Induced Nuclear Reactions. 1971-1972, Nucl. Data Tables,
AT, T

McCowan, F. K.; Milner, W. T., 1973, Reaction List for Charged-
Particle-Induced Nuclear Reactions. 1972-1973, Nucl. Data Tables,
AlZ, 499,

(=] Kerma Factors for Neutrons

ICRU 26 EFEMTH 5, 30 MeV BLETE Alsmiller 5% Bassel 5D D0 H 5,
Alsmiller, J.R.; Barish, J..1977, Neutron Kerma Factors for H, C, N, O

and Tissue in the Energy Range of 20 - 70 MeV, Health Phys. 33,
- 98-100.
ICRU, 1977, Neutron Dosimetry in Biology and Medicine, ICRU Report No.
26 (ICRU Publications, P.0. Box 30165, Washington, DC 20014 U.5.A.).
Bassel, R.H.; Herling, G.H., 1977, Energy Transfer to Hydrogen by
Neutrons from 30 to 100 MeV, Radiat. Res. 69, 210-212.
) W 1E
a) BFEHAEF: ICRUBBRFEOEDOTHAH, EFICHEO A VF-DEBEFIKDO>NT
IEREFT Cole ® Combecher @EEN & 5,

b) hEFH oD 2REERF : ICRUN REFHSNT B,
Cole, A.,1969, Absorption of 20-eV to 50,000-eV Electron Beams in Air

and Plastic, Radiat. Res. 38, 7.

Combecher, D., 1978, W-values of Low Energy Electrons for Several Gases,
in Proc. 3rd Symp. on Neutron Desimetry in Biology and Medicine,
Neuherberg/Munchen, May 1977, FUR-5848, (Luxembourg: CEC) pp.

97-106.
ICRU, 1979, Average Fnergy Required to Produce an Ion Pair, ICRU Report

NO.31.
(~ T oM EIEH

SEEE AT —4 7 7 1 LENDF B photen interaction library (3 the Neutron
Data Compilation Centre (CCDN ; Saclay) TAF T3, Table3 1.1iC biomedical
field TH#IL> compilations MRLTH B, 1HHOF-7x#8ET 229 0E 1KeV ELE
Tt Storm — Jsrael M &OHREF D, (LEYICH L Tid mixture rule 2 #EHT 5,

10 KeV ~ 100 MeV @3TFieid 3 (#en/ 0) & (part/p) D ICRPEEAD 69 @
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[Ea5 » MERIIC White HICKOFHESNTVA, a complete listing WK T — 7O T
the Radiation and Shielding Information Cenire (RSIC; ORNL) & 5.
Hubbell, J. H., 1968, National Standard Reference Data System, NSRDS-NBS

| 29 (National Bureau of Standards, Washington, DC, U.S.A.}.

Hubbell, J. H.; McMaster, W, H., Ker Del Grande, N.; Malliett, J. H,
1974, X-Ray Cross Sections and Attenuation Coefficient, in Interna-
tional Tables for X—Ray Crystallography, Vol. IV, ed J. A. Ibors and
. G. Hamilton (Birmingham, U.K.: Kynoch Press) p. A7.

ICRU, 1970, Radiation Dosimetry: R—Rays Generated at Potentials of 5 to
150 kV, ICRU Report No. 17 (ICRU.Publications, P.0. Box 30165,
Washington, DC 20014 U.S.A.).

Storm, E.; Israel, H.I,, 1970, Photon Cross Sections from 1 keV to 100
MeV for Elements Z=1 to Z={00, Nucl, Data Table A7, £65.

Veigele, W.J., 1973, Photon Cross Sections from 0,1 kéV to 1 MeV for
Elements Z=1 to Z=94, At. Data Table 5, 5I.

White, D.R.; Fitzgerald, M., 197D, Caleculated Attenuation and Energy
Abzorption Coefficients for ICRP Reference Man (1975} Organs and

Tissues, Health Phys. 33, 73-81.
(F Penetration and Dosimetry of Electrons
a) TANLF--18%: ICRU 21 it Berger — Seltzer QEZERMAL T b,
b) A F -SRI : B A F - OB FICKE S Spencer DFFFITE SO
BiERED O ORNER DTN Cross ¥ Berger L DRHLENTW D,
Berger, M.J., 1971, Distribution of Absorbed Dose around Peint Sources

of Electrons and Beta Particles in Water and Other Media, J. Nucl.
Med. 12, Suppl. No. 5, 5. |

Cross. W.0., 1967, Tables of Beta Dose Distributions, ARCL-2793 (Chalk
River, Out.: Atomic Fnergy of Canada Lid).

Cross, W.G., 1988, Variation of Beta Dose Attenuation in Different
Media, Phys. Med. Biol. 13, 611-618.

Spencer, L.V., 1958, Energy Dissipation by Fast Electrons, NRS Monograph
No. t (Washington, DC: National Bureau of Standards .

Berger, M.J.; Seltzer, S.M., 1964, Tables of Energy Losses and Ranges of
Flectrons and Positrons, in Studies in Penelration of Charged

Particles in Matter, Nuclear Science Serles Report NO. 39, National
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Academy of Science-National Research Council Publication 1133
(Washington, DC; NAS),
ICRU, 1972, Radiation Dosimetry: Electrons with Initial Energies between
1 and 50 MeV, Report No. 21 (ICRU Publicaticns, P.0. Box 301865
Washington, DC 20014, U.S5.A.).
F OB, eklT, E4A4A O FF R
BT ic B L Tit Andersen 5@ 6D, o R-FIRBEL THE Ziegler 5, He 1 4 ¥ X 0&E W
4T Tz Northeliffe 50 bODBEIENTH B, L L bR FHILRICRENTO 5,
B AvF —OFA 4/ TEREAMKE ST RICE 5, HIHEREFE L /2 60101 Lindhard
5% Cldenburg &, Dennis @&DH8H 5,
Andersen, H.H.; Ziegler, J.F., 1977, Hydrogen Stopping Powers and Ranges
in All Elements, Volume 3 of The Stopping Powers and Range of Ions
in Matter, (Pergamon Press, New York).
Ziegler, J.F.; Chu, W.K., 1974, Stopping Cross Sections and Backscatter-
ing Factors for *He Ions in Matter, Z=1-92, E(*He )=400-4000 keV, At.
Data Nucl. Data Table 13, 463,
Dennis, J.A.;1971, Energy Loss Characteristics of Heavy lons in Nitro-
gen, Carbon Dioxide, Oxygen, Hydrocarbon Gases, and Tradescantia
Tissue, AERE-MZ346 (Harwell: AERE}.
Lindhard, J.1 Scharff, M.; Schiott, H.E., 1983, Range Concepts and Heavy
ion Ranges, Note on Atomic Collisions. II., K. Dan. Vidensk. Selsk.
Mat. Fys. Medd., 33, No. 14.
Northeliffe, L.C., 1983, Passage of Heavy Ions through Matter, Ann. Rev.
Nuel. Sei., 13, 67.
Northcliffe, L.C.; Schilling, R.F., 1970, Range and Stopping Power
Tables for Heavy Ions, Nucl. Data Tables, A7, 233.
Oldenberg, U.; Booz, J., 1972, Mass Stopping Pover and Path Length of

Neutron Produced Reciols in Tissue and Tissue Equivalent Materials,

EUR 47868 (Luxembourg: CEC).
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1) P.D Holt Phys.Med, Bicl. 24 (1979) 1.
2) P.D.Holt (Secretary, Biomedical Sub—Committee) 7 S@FAE (21 Feb. 1884 )
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U. K. NDC Biomedical Subcommittee Request List GBificd % ICRP 30 i

supplements &&HH T 1 ~ 3L CRlFrE 7o)
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U.X.N.D.C. Bio-Medical Sub-committee

Hequest Ligt

Excitation functions for the productien of isotepes of C, N, 0, Na, Mg,
P, 8, Cl, X, Ca eand I and also Fesg, RbE1 ang 71401 by bombardment of
snitalle targets with protons, deuteroms, heliuam-3 and beliuw-4 iens of

energies up to 500 MeV.

Application is the economic production of isotopes for use in umedical
diagnostic techniques. Suitable isotopes should hove half-lives in the
ronge from 2 few minutes to o few days and emit photon rodistien in the
energy region 100 +teo 500 keV.

Differential cross—sections for.the production of prompt gemua rays by

14§16 581 o 0,40

meutron interactions with 912, N F and Ca” . Cross—sections

for the meuiron energy roange 5 to 50 MeV are regquired, to an accuracy of

h 10%, witb the range 8 to 15 McV of particular importasnce.

Application is in medical diagnostic techniques using in-vive activation
analysis by neutron radiation.
Energy and angular distribution of charged porticles produced by non-
. . . “al 4 16 1 :
elastic neutren reactions with Cjz, Njk, o , P°* ana ca?®.  The neutron

energy range required is & to 50 MeV with eupbosis on range 8 to 15 MeV.

. . . . . .+ ‘ .
Accuracies of differentiol cross-sections of = 10% would be adeguate.

Applications are to the dosimetry of neutron radiaticns used for cancer
therapy end radiobiolesgy, and fundsmentsl investigations of the physical

boases of radistion actior on living tissues-

Stopping powers of protons in the energy renge 0.01-10 MeV, alpha particles
in the range 0.01-8 MeV and €, N znd 0 ions in the range 0.03-2 MeV, in
gases containing H, C, N and 0 and solids containing these elemenis
together with Ca and P. Mecasurements for different phases of the same
stopping wateriel arxe impertant, O0f first importznce are stopping powvers

. A s - . + ;
for proteas and heliuwm ions to sccuracies ol - 3%

Applications are to the dosgiwetry of neutron radiation usinm iomization
wethods in comcer therapy and radiobielagy, the internal dosimetry of
actinide elements in radielegical protection, and for, fundamental

invegtigations of the physical bases of rodiotien actien in living tissues.
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. Volues of the average cmergy, W, required to produce an ion pair Ly

protons in the energy range 0.01-15 Mcvl'alpha particles in the ronge
0.01-8 MeV, and C, N and O ions in the range 0.01-2 MeV in CH4, C2H4,
C,H,, €0,, Ar and tissue-equivaleni gas (64.45% cH,, 32.4% CO, and

3.2% N2 by volume). The accuracy of meosurement should be better then

¥ oag. |

Application is to the dosimetry of neutren radiotien by ionization methods

in concer therapy snd in fundamental radiobiolpgical studies.

Measurements of the angular- -and energy- distributions of electrons as

a function of distance from o monoenerpetic point source {10 keV to

3 MeV) in bomogenecous media coataining H, €, N, ﬁ, Ce and P. Alseo
measurements of the changés in the distributions at interfoces. Accuracies

+ . -
of = 5% are reguired.

Application is to tlhe confirmation of computer calculations of these

distributiens, which are used for the internal desimetry of beta emitters

in cancer therapy snd radiolsgicel protection.

Experimental values of stopping powers, penetration and racge of electrons
with energies in the renge 0.1 tp 10 keV in tissue like materiol.

. + .
Accuracies of I 10% are required.

Applications ere to the calculations of dose distributions obout internal
beta emitters, and the coleulaiions of track structure about ions in

studies of the physical hases of radistion action in living tissues.

Experimental values of photon attenuation coefficients for photons in
the energy range 0.1 keV to 10 keV in tissue like materials including
bene te an accuracy of pl 5%, and in the energy range 10 keV to 200 keV

o+
+to an asccuracy of = 2%.

Applicotions are in disgmostic radiography, in the detection of internal
isotopes in rodiological protection, and for the dosimetry of fundomentol

studies in radiobiclogy-

This reqguest list has net referred to isotope decey schemes although these
are an important item of dats for biomedical work. The reason is that
¥ S Snyder of 9ak Ridse KNotional Leboratery is compiling data on all

decay schemes with half-lives greater than 10 minutes for the International
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Commission on Radioclogical Protection, and this compilation is expected
to be published during the next 12 months; also the Natiomal Physical
Laboratory (on behalf of the International Committee on Rodionuclide
Metrology) is conducting a survey, using qucsfionnaires, to ascertain
the dstn needs in this field. It did not seem worth while assembling’
a request list of decay schemes until the Sub-committee has had an

oppertunity of studying these twe picces of work.

7 February 1977

Additicnal note

The Subcommittee has not yet produced its request list of radionuclide decay
schemes. The compilation of decay schemes asseﬁbled by the late Dr w‘s Snyder
of Qak Ridge National Laboratory has been completed and is the source
material for ICRP Publication 30 (Limits for Intakes of Radionuclides by
Workers), Part 1 of which has been published., Part2is in press, but

Part 3 and the decay scheme compilation itself have not yet been pdblished.

28 December 1979

. 867
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3.2 ICRUDT—Z{HEHICOWT
WHGEFROTER  PH R

LI
FERMEREGRATEEZES (ICRU) Q) MEHE L MEEOE E £ O, 2 FHRESR S
WEHRAEMEANCNLDBORELER T 2 @47 Ak, BCNoOIEATHELLSER
TEBRWHE T -5~ L THEHEBENCED NGB8 2T5 &2 L 5/mBOENE LT
5o WEHEOEFFERBAIEASN>250, ICRUORERIVEESA#BL TS, T
CTH ICRU OREREZMEICS0DIEY ICRU OF#h& L E2-LTALTEILT S,

gEH

[CRU DREE L 1925 TR ih & 573, YRR OFH B E LA FERFCIGHIN Tt w,
COFEESRMEHREZOMBCHRTEE L, CoFE | BoEBIHEESZS2%E (ICR) #
oy FyTRBEIN, COSBRORICEBINCEDONAXBOREENEHRTIRESEL
THBEB SN, FAY, 77/ ATHBICXEOBRELT Y Y My YN EFNFNREE KT
BETEEBSATORY, ERANCE -3 A BTERI0&BIINTHEBRCE S Y, 1928 FH
2@ ICR (R b w ydivh) RETHTHOTXHBOBEEBASEIREN, B¥ICRU 3 EH
EXEHEMESSE0HEHMOHH Lz, Table 3.2. 11 ICRUCEHROEBER T, LR
DEERT &H 2RI XKBEMOKICHEE - 0EBS S, HEHEEZSECHIAH
fEEEy AL ETEON, FAMEHORENAI X O EFHSHRFICH T BUPLOECH
EHiEEERETAEEE LN »l, RETHEFRDOAE OTHHREKOBEMNME L ZCEDOR
THikE, FlhanoicfE L BEA0RHIcBTsTESNEHEL,

[CRU Y &—F
SR OHEADOHEL BT -/ ICRUGH A 1207w 7 7 o OEEE ORI 3708
Y Twa, Table 3.2 200HEDT 0 7 7 645 RLTH A, WEBRELIEE ZH. &%
EHCARSHEENTSE D, FNLCEELLHRERYES, BHHRENYE, BEELELE
SN HFH0 FFoNTWA, BEii Values of Factor —W, S, ctc. TH - IAMBEE
Critical Data K ZHHEHEEN, ICRU THEETEEADT —F -2 LfF TT B8
BRZ SN, |

Table 3.2.3 AT THRENA ICRU TF - bO—BEZRT, UHE—- N2 CBHTLY
YR VBADS ICRICL > TSN EPHEINT S, N3 EEE ICRUICLST
INoSDOBABBESNT VS, N 7E THEHRORERA, F/20500RIEEPHERD
HHiz O OTHBECMNATH S, 1956 FLLIAEE VI SEMREHRICMA S, No 8 ©No g
TIRHAPRER:, SEOMENERCARTEH L, vI0F a~{ FTOUH—1+¥5H0 ICRU
O ENLTTFO N E - BHERESNERRICTE -7, A0 Y #— P E—HRO Y v —F i
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B Xiis, FOBNBSOAYFF» 78U THREA, NIl SR ICRUMBTY K
—FEBRTABICHEOREICE > T A,

— 5 —i5E)

ICRU ORMARMA ICR ThHEC &S, [CRUDHEHRINFHEFTHEE T2 HHE
ORI RE & 45 ic B BYICEUR » TR, §E » TR REHEYEY & 5 FRERC PbEEE
ZICRUBRLTWAESEA L, EiGEED > bHHABRELSFERNCEE LW T, ICRU
b LIRS RSB I B L o BRI R A e BB L T &, [ CRU REHF DT B CH
MOE & FORNOFIEDACOMMETZHBNIL CALCORPHEMNO—EORE T &Lz bk
CCNLOEEFMCTIMmL, 2B abicEfdErnl, BEOEEEHEC HiCE
MEiIcE OHEBARKEL, EEHEIGOPICDBOEREEOBRHET S h A HREREEROEARAD
— S LEENTVALS, TNLEERTZHOOFEELLTO Y H— rd Table 3.2. 31 bR
FRICHAR ST &/, MERORE, Bl #HHtss BE0RET -5 -, BEOEESFE
BMHCEETAC LD ZOMETORBUBHSARES LD, £OLHITIRE L OERET
— - EBHLHUHHBLENE D, Table 3.2.4 K45 ETICRU U &~k TRRONLT —
g —ERT, RICHE, MEBIUE AE KERGEEE N4 O0BECRETT -4 -
ERLTHLD, ThEMEIAXTHoMOBEICET 2262455, CORKICE(DT
— 7= ICRUBEHTHELL S, FARXXECHT sH0BboRINES & BREFRE
BRIt THRHBES I, MBSECHEBOWE, EEx o0 F -GS, HEHRHEEELC -
foF s —bhhiuiRn onsg (Table 3.2.4), A v OEL 5 EBOHBE OEEOZERE
HEBENRERO L 00iTiE, BHEE SR, MBThEall, BEEFRE SMHEHT, HE
fRE, FHREMHR WAREL CHEWEREEE -AHETZ( 07T -5 -2RA0TELST
TETE L, —BICCNODFEHII ALY OB THE T ERBWHTH HD5, FIFE « FiEH
FEEE EHE, EFOEVES AEHEAATY, RS ERELEERDE EEMEBOL
ThlLl, M-TICRU TREMBYHADF ¥ - OO WHEBOHEHCL - TETS
F -y — L ERGT A, BHECBTATF -9 —HEENKE T~ -BARINTEY, 20/
DEDEFMALT BREENBDLOT VS, GFIBCET AT -9 ~@3453TH—<%, LET,
WHEES -7 ) HE - rafdric/ngShay, BTFHEPBEFRcHd LD ) £ Al
HHIRIR TS 5,

BHOIT

[CRU TRk D27 — 7 ~ I RHBREFOWMERERCEI 5 B ETH L0, HHE
EWE EOEEERICHET 2T ICERNUFRE, S BEOHROMES ~ o BICHEME 7
Y —mEATVS, ICRU THEGHRBR S D TORETIMLUEFARELEOELT
B, HESAFHBCOEEOBRCE2EECH L TATIORELZBESE LADICEER
O EIDBF T ERTES O, BEFHORBELEMAT 387 -7 —OAEEEOMNEL
THEOINEIYD, PLTHEHECGF— 9 248 ET 5, ICRU THAZEZL TV
Foy_@dME B, T AAF-Feo0THREONE O THD, EEEHELTIY
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Table 3.2.1 Alteration for the name of the ICRU

1925 International X-Ray Unit Committee

1934 International Committee for Radiological Units

1950 Tnternational Commission on Radiological Units

1956 International Commission on Radiological Units
and Measurements

1968 International Commission on Radiation Units
and Measurements

Table 3.2.2 Current program of the ICRU

Radiation Therapy

Radiation Diagnosis

Nuclear Medicine

Radiobiology

Radiocactivity

Radiation Physics-X Rays, Gamma Rays and Electrons
Radiation Physics-Neutrons and Heavy Particles
Radiation Protection

Radiation Chemistry

Critical Data

Theoretical Aspects

Quantities and Units
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Table 3.2.3 The ICRU report.

10a
10b

10c
10d

10e

10f

Discussion on International Units and Standards for X-ray
Work, B. J. Radiol. 23, 64 (1927)

International X-ray Unit of Intensity, B. J. Radiocl. (new
series} 1, 363 (1928)

Report of Committee on Standardization of X-ray
Measurements, Radiology 22, 289 (1934)

Recommendations of the International Committee for
Radiological Units, Radiology 23, 580 (1934)
Recommendations of the International Committee for
Radiolegical Units, Radiology 29, 634 (1937)

Report of International CommisSion on Radiological
Protection and International Commission on Radiological
Units, NBS Handbook 47, Washington, D.C. (1951)
Recommendations of the International Commission for
Radiological Units, Radiology 62, 106 (1954}

Report of International Commission on Radiological

Units and Measurements (ICRU) 1956, NBS Handbook 62,
Washington, D.C. (1957)

Report of International Commission on Radiological

Units and Measurements (ICRU) 1959, NBS Handbook 78,
Washington, D.C. (1961)

Radiation Quantities and Units, NBS Handbook 84,
Washington, D.C. (1962) T

Physical Aspects of Irradiation, NBS Handbook 85,
Washington, D.C. (1962}

Radiocactivity, NBS Handbook 86, Washington, D.C. (1962}
Clinical Dosimetry, NBS Handbook 87, Washingtom, D.C.
(1962)

Radiobiological Dosimetry, NBS Handbook 88, Washington,
D.C. (1962) ‘ T

Methods of Evaluating Radiological Equipment and
Materials, NBS Handbook 89, Washington, D.C. (1962}
Radiation Quantities and Units (1968)

Certification of Standardized Radioactive Sources (1968)
Neutron Fluence, Neutron Spectra and Kerma (1969)
Radiation Dosimetry: X Rays and Gamma Rays with Maximum
Photon Energies between 0.6 and 50 MeV (1969)

Cameras for Image Intensifier Fluorography (1969)

Linear Energy Transfer (1970)

Radiation Dosimetry: X Rays Generated at Potentials of

5 to 150 kV (1970)

Specification of High Activity Gamma Ray Sources (1970)
Radiation Quantities and Units (1971)

Radiation Protection Instrumentation and Its Application
(1971)

Radiation Dosimetry: Electrons with Initial Energies
Between 1 and 50 MeV (1972)

Measurement of Low-Level Radiocactivity (1972)

Measurement of Absorbed Dose in a Phantom Irradiated by

a Single Beam of X or Gamma Rays (1973)

Determination of Absorbed Dose in a Patient Irradiated by
Beams of X or Gamma Rays in Radiotherapy Procedures (1976)
Conceptual Basis for the Determination of Dose Equivalent
(1976} .

Neutron Dosimetry for Biology and Medicine (1977)

An International Neutron Dosimetry Intercomparison (1978)
Basic Aspects of High Energy Particle Interactions and
Radiation Dosimetry (1978)

Dose Specifications for Reporting External Beam Therapy
with Photons and Electrons (1978) _

Quantitative Concepts and Dosimetry in Radiobiology (1979)
Average Energy Required to Produce an Ion Pair (1979)
Methods of Assessment of Absorbed Dose in Clinical Use of
Radionuclides {1979}

Radiation Quantities and Units (1980)

Dosimetry of Pulsed Radiation (1982)

Stopping Powers for FElectrons and Positrons (in press)
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Table 3.2.4 Data appeared in the ICRU report.

(a) Quantity
Quantities and units
Mass attenuation coefficient
Mass energy absorption coefficient
Mass energy transfer coefficient
Mass collision stopping power (e,p,d,o,u)
Mass angular scattering power (e)
Linear energy transfer (e) 3
Radiation chemical yield (X,v,e,p,a,n, H)
Mean energy expended per ion pair (e,p,a,n)
Kerma factor
Alr kerma-rate constant
Absorbed fraction
Quality factor
Relative biological effectiveness
(b) Source and Field
source (X,Y,B,e,a,p,n]
Primary spectrum (X,v,e,n)
Slowing-down spectrum (e}
Range (e,p,o)
Compton recoli electron cross section
Neutron yield
Radioactive nuclide (half life, emmited particle,
energy, decay, ...)
Half value layer
Filter
(¢) Measurement
Radiation detector (ion chamber, calorimeter,
chemical, TLD, Film,
threshold, resonance, ...)
lon collection efficiency
Cavity size (displacement, perturbation,

resolving power, pressure, ...)
f-factor '
Conversion coefficient;F
Cx> CE

Charged particle build-up

Reference point

Calibration point

Field factor

{d) Radiotherapy .

Elemental composition (biological tissue, ...)

Tissue equivalent material (bolus, phantom}

Patient data {organ shape, volume, composition,
density, body conturs, body
inhomogenities,

Percentage depth dose (X,y,e,n)

Isodose chart (single, combined, rotation,
wedge field, ...)

Back scatter factor

Equivalent square (equivalent diameter)

Tissueg air ratio

Tissue phantom ratio

— 9"‘)’*
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3.3 FOMMoORETTE

KT -+ TN —FRBOTERLAEFOMOBEBEEELIOBRBERTILEDREED THS,
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B8 1AEAKBIAEZERE T -4 5%
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T v A ORESE [EFRRRRRING, Mt THEC L UBENEF D7 v— 1 ¥ ZDEE,
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) XB-—KBEEDHR

X oBRHEECEERGBOEFE IR, XBROEY A8 EBL O REEER)
BNT A =5 LB OXREESOE 2 D, free air chamber i X SBHERED
EaEOBRR, ERELEEIck 2EEERORIK, HEFRLCEIZREEN, 11 05—
i, HAakESRUHBEREES 20T, BTHRSEIMAARKSEHRAL, BH
cEAIT o '

(5)  rEREHGEZECEHK

PSR B O SHIE, BichEM T 3 ¥ -~ 0E O ¢ RO RS S 2R EHE 2 H e TR
EETRIEAD, —REBEAEEKCELIHE BECHTAHERVESHEISMILEILORAL
Higo0T, BT HRATRFMEMESSIAL, ER - 5mET » 1 |
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A-150 TISSUE-EQUIVALENT PLASTICa

ADIPOSE TISSUE (ICRP)®
AIR, DAY (NEAR SEA LEVEL)C
ALUMINUM OXIDE, Af%,0;

AMBER, Cy Hiy 0

ANTHRACENE, Cu Hig

B~100 BONE-EQUIVALENT PLASTICT
BAKELITE, (CusHy07) |
BARIUM SULFATE, BaS0O.

BERYLLIUM OXIDE, Be0

BISMUTH GERMANIUM OXIDE, Bi,Ge;0p
BLOOD (ICRP) >

BONE, COMPACT (ICRU)®

BONE, CORTICAL (ICRP)PC

'BORON CARBIDE, B,C

BRAIN (ICRP)>

BRASS

C-552 ATR-EQUIVALENT PLASTICT
CADMIUM TELLURIDE, CdTe

CALCIUM CARBONATE, CaCOj;

CALCIUM FLUORIDE, CaF,

CALCTUM SULFATE, CaSO.

CALCTUM TUNGSTATE, CaWo,

CARBON DIOXIDE, CO,

CARBON OXIDE, CGC,

CELLULOSE ACETATE, CELLOPHANE, (Cglly 05)

CELLULOSE ACETATE BUTYRATE, (Ci Hz Og)
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CELLULOSE NITRATE, CgHy7006N2.9

CERIC SULFATE DOSIMETER SOLUTINGY
CESTUM IODIDE, CsI

CONCRETE, PORTLAND”

ETHANE, C,Hg

ETHYL ALCOHOL, C,HsOH

ETHYLENE, C,H,

EYE LENS (ICRP)°

FERROUS OXIDE, Fed

FERROUS SULFATE DOSIMETER SOLUTION
GALLIUM ARSENIDE, GaAs

GEL IN PHOTOGRAPHIC EMULSTONY
GLASS, BOROSILTCATE ("PYREX", CORNING 7740)%
GLASS, LEAD®

CLASS, PLATE"

GLUCOSE, DEXTROSE, CgHpOgr H,0

GLYCEROL, C3Hs {OH);

GYPSUM, PLASTER OF PARIS, CaSO, 2H,0
HW

"KAPTON" POLYIMIDE FILM, ({Cz HiN,0s)
LITHIUM CARBONATE, Li,CO;

LITHTUM FLUORIDE, LiF

LITHIUM TETRABORATE, Li,B,0,

LUNG (ICRP)”

M3 wax"

MAGNESIUM CARBONATE, MgCO0;

MAGNESIUM OXIDE, Mg0
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MALLORY 2000

MAGNESTIUM TETRABORATE, MgB,0;

MERCURIC IODIDE, HgI,

METHANE, CH,

METHANOL, CH;OH

MIX D WAX®

MS20 TISSUE SUBSTITUTEF

MUSCLE, SKELETAL (ICRP)P

MUSCLE, STRIATED (ICRU)S

MUSCLE-EQUIVALENT LIQUID, WITH SUCROSEZ
MUSCLE~EWUTVALENT LIQUID, WITHOUT SUCROSE®
NAPTHALENE, CjcHg

NYLON, DU POINT "ELVAMIDE 8062M"°

NYLON, TYPE 6 AND TYPE 6/6, (CsHuON)
NYLON, TYPE 6/10, (CgHjsON)

NYLON, TYPE 11 ("RILSAN"), (CiiHzON)
PARAFFIN WAX, CosHs

PHOTOGRAPHIC EMULSIONJ

PLASTIC SCINTILLATOR (VINYLTOLUENE BASED) '
PLUTONIUM DIOXIDE, Pul,

POLYCARBONATE, " "MAKROLON", (C1eHu0s)
POLYETHYLENE, (Cqu}n
POLYETHYLENE TEREPTHALATE,’ “MYLAR" (CioFeOu)
POLYMETHYL METHACRYLATE," (CsHgO2)

POLYOXYMETHYLENE, (CHO)
POLYPROPYLENE, (CsHs)

POLYSTYRENE, ™ (CoHs)
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POLYTETRAFLUOROETHYLENE,Y "TEFLON", (CZF”)n
POLYTRIFLUOROCHLOROETHYLENE,Z (C2F3C,Q)n
POLYVINYL ACETATE, (Cquoz}n
POLYVINYL ALCOHOL, (CpH3OH)
POLYVINYL CHLORIDE, (C2H3CQ}n
POLYVINYLIDENE CHLORIDE, SARAN, (CZHQCQZ)n
POTASSTUM IODIDE, KI
PROPANE, CiHg4
PROPANE, LIQUID, Cs3Hg
RUBBER, BUTYL, (Cuﬂa)n
RUBBER, NATURAL, (CsHa)n
RUBBER, NEOPRENE, (CL}HSCSL)n
SCINTILLATOR (Pilot B)

" (K1)

" (Toluene)
SILICCON DIOXIDE, Si0,
SILVER BROMIDE, AgBr
SILVER HALIDES Iﬁ PHOTOGRAPHIC EMULSIONj
SKIN (ICRP)b
SODIUM CHLORIDE
SODIUM IODIDE, Nai
STEEL
STILBENE, C)yHps
SUCROSE, CiH,;01)
TERPHENYL, Ci1gHig
TESTES (ICRP)b
TISSUL, SOFT (ICRP)b

TISSUE, SOFT (ICRU FOUR-COMPONENT) @@
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TISSUE-EQUIVALENT GAS (METEANE BASED)bb

TTISSUE-EQUIVALENT GAS (PROPANE BASED) C
TITANIUM DIOXIDE, TiO»

TOLUENE, C,Hg

URANIUM OXIDE, UO,

UREA, CO({NH;),

WATER, LIQUID, H,0

WATER VAPOR, H,0
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R to@aE2 T, Lo - BHBEIATLZOL0E, TOLETEHL, 0D
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LFE DT ZICEEDRED EOHSRNIEC,

I35, KR - SR REEWAE T - OBEORRC 0Tk, KU -y o=
STHEIIOEN « BROTEL SEA L TR v, £ONEEARSE TR -1,
FoR0, TALEF-sIco0TH, JRAMIETFOIAY FENATEL, M7~ FICRG
THEMEZEOF —sAHNEES N, XN, 798P REINTVS, JROT EUHL, FitEk
o, EEHTELGT —sE&EATHIENEL L,

M, RYRAPEERTBITY T,

1) Lorenz, A. : Compilations and Evaluations of Nuclear Structure and
Decay Data, Tssue No.5, INDC(NDS)-112/LNQ (1980).

2) Cumulated Index, 1965-~1982, Atomic Data and Nuclear Data Tables,
23, 661 (1983).

3) Holt, P.D. : Sources of Atomic and Nuclear Data for Biomedical

Purposes, Phys. Med. Biol., 24, 1 (1979).
nEmBEIC LI

kb, Journal @EHRE, RICGRT HDLIAREEFEIC Lich -1,

ADNDT Atomic Data and Nuclear Data Table

NDT Nuclear Data Table
AD Atomic Data
NDS Nuclear Data Sheets

WA, oY R MEERT R T, ROXEREFIF L,
1) Cumulated Subject Tndex, with many new categories, ADNDT, 27
627-639 (1982)
2} Lorenz, A. (Compiler), Compilations and Evaluations of Nuclear

Structure and Decay Data, Issue No.5, INDC(NDS)-112/LNQ (1980)
N, FHAOEEELT, ROLIEHFCHITREL TS S,
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A2 BN EEOBE S -5
A3 afg, TRRELE

Ad B, rEARXZ v

A5 BUREREED I, MG
A6 HERBRTER

AT NEEHRES

B. WA
B 1. FSERNFHUCHIEE

B 2. rhPEFROCETEE, BUR EHTERE

C. BEFaTanspEfidsisbo

C1l XEIxrvEF—, BEER

C 2. #IEHUH

C3 A-YV=8BY

C 4. MHERE

C 5 [BEFHREMER

C 6. A4 /EBfiiREE

C 7. JeFHrAE TEE, BEEHRE _
C 8 BT (N—sHT&ED) OFEME, BN, bR
C 9 BT, EBT, ERTOMIERE, FRE

Cl0. WA (BT

Cll. WiE (h#+)
Cl12. #1—= (hHF)

Z. — 13

1) ORTAY F=TWHEE T4V F—7FIR, B (1980)

2) MEFEESUR © BT 5 7 » 7 (1983)

3) Brodsky, A.B. (Ed.), CRC Handbook of Radiation Measurement and
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4) Gray, D.E., American Institute of Physics Handbook, McGraw-Hill
( )

5) Padikal, T.N. (Ed.), Medical Physics Data Book, NBS Handbook 138,
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