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User's guide to international calibration protocol TRS-398"" for absorbed dose to water

WANG Zhipeng', WANG Kun', JIN Sunjun', WU Han"?, HAN lJiale"?, LU Gang"?, YANG Xiaoyuan'
1. National Institute of Metrology, Beijing 100029, China; 2. School of Mechanical and Electrical Engineering, Anhui University of
Science and Technology, Huainan 232001, China

Abstract: To fulfill the calibration requirements for absorbed dose to water in external beam radiotherapy, the summary offers
a streamlined calibration procedure and recommendations in accordance with TRS-398 (version 7) published by International
Atomic Energy Agency in 2024. It addresses various considerations for reference measurement conditions in external beam
radiotherapy and defines the appropriate scope for ionization chambers. In terms of ionization chamber measurements, it
elaborates on the methods for measuring various correction factors and provides a table of beam quality conversion factors.
The calibration uncertainty is examined by comparing the contributions of different factors before and after the update. The
results demonstrate that using IBA FC65-G ionization chamber to calibrate high-energy photon beams, high-energy electron
beams, proton beams and light ion beams results in relative deviations of -0.4%, 0.5%, -1.7% and -1.3% as compared with the
earlier versions, with relative standard uncertainties of 1.0%, 1.1%, 1.7% and 2.6%, respectively. The guideline which is
tailored to the national radiotherapy dose calibration standards and practices presents an optimized calibration approach for
TRS-398, allowing clinicians to conduct absolute dose calibration more efficiently and accurately.

Keywords: absorbed dose to water; ionization chamber dosimeter; calibration coefficient; beam quality conversion factor;
uncertainty; TRS-398
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AR 25 5% R B L SR LT 95% 19 E X [A],
XF R D, 1A B GE B 2.5% (k=1) o 5 R
Wambersie'* 45 7 A= 9 274 R R B0 42 H +3.5%
HYEER  TAEA L 7E Al E 2 914 5 (HHS-31) 4 i}
D, BIANHA E FE N 3% (k=1) (R8RS 4R SRl %
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X ACTT V2% f 0 R R B R e R . EK T
W B LR SR AR TIF1743-20 19U VA YT F L B 2
F TR W AL R ) 7, B SR PO/ R
Jih 98 5 45 s 8 A NCC/T-RT 002-2021¢ 3T 7K 1z e
I8 A58 U R 1) v B D' SRR R SRR LACR) 0
FERAD™, (145 e [ 7 T B AR TR RN I PR R 5 1
PR I TRS-398 1 Ay ity 701 kD0 1) o AR , 3 ot
1% 3% ©°Co v 7 5t S 9 K ISR B o R B (I, ) HEA T
D, [, DA 3 EDRS O R TR oK . A
1 B 4545 2024 B TRS-398" Kz 3% [ &1 HE S ey 7 791
B WERE 1 25t IF e M B & R T TN, T
i Co y TR R REDG T LR TR LB F TR
A 5 - SRR WSO o e B R | S A T 4t
PR 7 3R B, FL S 2 4 1 DR -0 0 K R A1) e AN
P LA A O R)

1 EF TRS-398 KR FI ERHE L

1.1 EF TRS-398 /KR FI E R E R EARFIE

FF TRS-398 45 th M B A i i1 5 TS % 2k
WO, I 7K M W) 5 L E R BN, 0, IR 2 SR O
H KR e D, ¢

Dyo =M, Npyo, * koo, (1)
Horr, 28U R “Co v YT HGE 7 4 2 0, KW
R EBMERBE S AN, s ZH W O, B &K O 5
LA 155 R ks (D AT A (2)

D, =M, N,, -k, (2)
Hor, M, RN BB E R ES R O B IE S 19
s e, U (3)3H5R

My =M, k- k, - koo * kg + krp (3)
Horp M, ARG TE R R B HLT , ko s A AN &,
FEF AN koo HFRHLTHEIE kg 0 1 R 8 A0
B ) R o A AN SHEIE ke 28 B B IE

ST T R BT 45 A SRR K iR
MEHERT, X TRS-398 f i bt i it 1y AH 7 G S5 i i
AT s X 7K ISR 121 1 R - 7E+1.001 DA R
HXTARAEAH & FE DTN T 0.1% R SZ IR it 64T 148
WAL I, A TR AR ST 2K, ] 22 SOk (9 ] S AL Y
T AT -
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g, = 27315+ T 101325 (s)
293.15 p
JEep T P43 o 2 R AR A 2 IR

JE , BAAE 43531 S °C Fl kPa, AL B4 ) 1 B J2 N T
T A S PN I R {5 SR 1% kB A )
PRI HE A ], T 22 B3 JE A IV ) S 7 RF ] KA AR P 7K
TR 5 25 AR 0T, LG oA st 7 s oA A L
AR Ak, R Itk IOKOBE R R e A A A YR T =
A BSRRBL 25 1 1 48 FH D

FR A TRS-398 BB il J #E4 7 X L, K45 “Co v §F
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Table 1 Calibration uncertainty of absorbed dose to water

for °Co y-ray beams (%)

T AR I AN 2
T EHR
SRR ARSI B AL
FRMET R FARIF I N, 0.5 0.5
IR e YRR E 1 0.1 0.1
Ny FERRESCI AR P 04 0.4
AR R E 0.6 0.6
2 M ©Co y S AU L
FP IR AR R e 0.3 0.2
BN S SR 0.5 0.3
T B SR B BT A 0.1 0.1
S HE 53 ) 0.3 0.3
A2 5 N R JE 0.6 0.5
D WA AN 2 B CERE 1 /12) 0.9 0.8

2.2 fniE R FRK R E R A

TENEE A G710, RS MR TR (2, G —
NAFRORTE 10 g-em? ZZ AR . RITZET N, AL E
B HE G AR W MSGR] (R 5 25 i A 4R &,
{H, b2 H BB = N TS BIE Sl 1Y
AV IESE . X ) AT R IHFAUAK(2) af 3 i
PG TR ARG D, o :
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Dyy=Npy, - M, ke ky-k, - ky (6)

O T T R K IS R A U S 6 S R B A
— EEEREA G RN 2SR R R MERE DG TF AR
JE A0 A5 KR A 10 e (4359 1 750 B4 A, R FF
O3 BE FHE S0 A (PDD ) [y 28 3545 75 4 i i 1 ok 1 55
28 I (TPR, o) I 5 124 B 28 I (R H 0 7805 5 3 3
15 kA, IFEARE 3 180 7 152 434 (Profile) 1 £& 34507 &
Oy AR AT ST HEAE IE 5 2 SR FH AU 125 0 o5 o A o 555
FRAETAYT AR 1 300 o7 (14 ke, (L, PO e W o
JC(MU) XS LY M, 18 AR IE = (6) 115 D, o fH

TEHL B 2 B 2 A B IE TR R I T, AR A
TRS-398, 5 2 H 25 Ha i (1) 48] 55 (1/M0) FTB Ak L 1Y
BB (1Y) Z AP e B LML R M, M, 53 3 R Ak
HL A 7 0, I H B i e (L, v w7, S v R AR
WAL FL R V, 250080 bt 38 (7D T8 MBI A R 8 a,
a,a, B 23R HL,

2
k=a0+a1%+a2% (7)
S M, M,

F2 REXTELBBE R
Table 2 Fitting coefficients for k, calculation using the double

voltage method

ik iR Jok o R
Vv,
a, a, a, a, a, a,

2.0 2337 -3.636 2.299 4711 8242  4.533
2.5 1.474  -1.587 1.114 2719  -3.977  2.261
3.0 1.198  -0.857  0.677 2.001  -2.402  1.404
3.5 1.080  -0.542  0.463 1.665  -1.467  0.984
4.0 1.002  -0.363  0.341 1.468  -1.200  0.734
5.0 0975 -0.188 0.214 1.279  -0.750 0.474

TEICF I ke (6 AR B T8, 380 ke, 5 PR 5 25 25 AR
R LA R, X (8) iR

(a - 0.57)

1+ exp

ko(TPR, ) = R (8)
1+ exp( b 20,10)

FH A L B B E R a M AR 3RS . sk
3, 2 (8) T v B v 1 5 4 B R BN AR
T READL TR 22 R e b o S 30 2 e ]
VA 53 BT R A, 38 30 32 5 14 ke (L P VREAS A 2
1.0% FEAIR 2 0.6% , 7 ke [ 2 7K W HACR) 0 ok o ST 36 8
LA s, AR 2 0.3% 7, BRICR
B TRS-398 By 4 Ak i 552 6 28 FL 40 £ 1Y ke fEL 71T LA



r [ %71

- 1330 -

Hh ] R A B 2

41

AR PR D, (L AORTIE , LA R 5
LR TR . 44 AR 4 o 5 2
FIESIE 5K TPR,, 1, B 75 32 4 R AR (A J7 2t
ATk, fH.

£3 kMBARY
Table 3 Fitting coefficients for k,

75 5 FFIEZSEL
HL B 2
THEME LB a b

Capintec PR-06C Farmer 10 3 1.06833 -0.08262
Exradin A1SL Miniature 14 6 1.21633 -0.13351
Exradin A12 Farmer 35 6 1.09783 -0.09544
Exradin A12S Short Farmer 16 3 1.11499 -0.10057
Exradin A18 10 3 1.10487 -0.096 70
Exradin A19 Classic Farmer 29 6 1.12024 -0.10493
Exradin A26 10 3 1.09587 -0.093 83
Exradin A28 19 3 1.12453 -0.10278
IBA CC13 42 6 1.11441 -0.10260
IBA CC25 10 3 1.08981 -0.092 54
IBA FC65-G Farmer 64 20 1.09752 -0.096 42
NE 2571 Farmer 126 28 1.08918 -0.09222
PTW 30010 Farmer 25 3 1.12594 -0.10740
PTW 30012 Farmer 25 13 1.12442 -0.104 15
PTW 30013 Farmer 65 23 1.18273 -0.13256
PTW 31010 Semiflex 29 6 1.23755 -0.15295
PTW 31013 Semiflex 48 6 1.19297 -0.133 66
PTW 31016 PinPoint 3D 15 - 1.116 50 -0.10841
PTW 31021 Semiflex 3D 37 13 1.29612 -0.165 14
PTW 31022 PinPoint 3Dc 25 6 1.14435 -0.11130
Sun Nuclear SNC125¢ 25 1.09700 -0.09749
Sun Nuclear SNC600c Farmer 25 5 1.06800 -0.084 85

SR FH AR YR B 1) TRS-398 1l i1 3 5% 06 F 3
D, [ B £ A FE e i AR AN 8 BE IR 5 s . H
TR M S 50 2 BAERR T & DI i “Co y SR
FETAD, 2 5 Hgh T P A O 1Y 52 oG8 0 E
BV L R R E R, N 2 PRI
PATT SR RIORN 5 2 o e 4 R - 5544 D, o (8 1 & BUAR 1
ANHE B FH VTR A 1.0% , 43 8504 e lfe PR 77 kG 2
2.3 fNiRES T ARK R E 44

KT N, 1 R FORAE I 3 45 f 7R
T AR T ZETT T sl A Rk (B, 75 B
HEMNEFEABIE NESMYSHEBIES. R
W Z A IR S H R E 2, 5 H AR = B 45T Ry, A
X,z AH M 0.6R,-0.1 g-em™, ZE LAY il 3 £% B, F o)
D, [FAE = (6) 15, A [ 2SR A B == A g L+
W Ry, 5 k (B AT A2 3R 6 A% . FEA BT % 75 18,
B 1 K S A A ORI 7 L 3R D, M I 7 58, I8
(B4 F, 2 2 1) ful FH 91 T Pl RS 48 B e R
50% X I B9 I M R,>4 g-em” B 26 1 F 1 ik &
E>10 MeV ¥ K% R, >3 gem™B E>8 MeV, XA
I H B & i, 22 U8 SR BE LR z,,+0.5r,,,
(Horb, e, 278 BT B AL TR i B == 19 2 iR B
(=

s &6 F AR R SR 2 L = A
B B A ROK W S] B A HE IR 55 , TRS-398
ARG W THEHL T Ry, oA 7.5 g-om i A S 28 Jo e 46
K- (kyrs) , LR A L —F BB i o 46 PR 1, LK IR
s = (9) 35

Doy =My, Npyos  kors * b+ b, kg (9)
Hr N, FORE EER TR R, N 7.5 gem?
(18 7K I SR e A T R B Ky (LT AR 36 7 3R AR o 1%
7R HAE T D, DN W 5 % i, SE T[]

R4 SHABBEEAEBEEN T RFETPR,, , AXTRIHk,

Table 4 k,, values corresponding to different TPR,, ;, for various types of ionization chambers in high—energy photon beams

S TPR, 1

LB T
0.56 0.59 0.62 0.65 0.68 0.70 0.72 0.74 0.76 0.78 0.80 0.82

IBA CC13 1.0005 0.9989 0.9969 0.9942 0.9906 0.9876 09839 0.9795 0.9742 0.9678 0.9601 0.9510
IBA CC25 1.0004 0.9991 0.9974 0.9950 09918 0.9890 0.9855 0.9812 0.9760 0.9695 09617 009521
IBAFC65-G  1.0004 0.9990 0.9972 0.9946 0.9912 0.9882 0.9846 0.9802 0.9748 0.9683 0.9603 0.9507
PTW 30010 1.0005 0.9989 0.9967 0.9938 09901 0.9869 0.9832 0.9787 0.9734 09671 0.9595 0.9506
PTW 30011 1.0005 0.9989 0.9969 0.9942 0.9906 0.9875 0.9838 0.9793 0.9739 0.9674 0.9595 0.9501
PTW 30012 1.0004 0.9990 0.9970 0.9944 09910 09881 0.9846 0.9804 0.9754 09694 09622 0.9536
PTW 30013 1.0007 0.9984 0.9956 0.9920 0.9876 0.9840 0.9800 0.9753 0.9699 0.9636 0.9565 0.9484
PTW 31010 1.0008 0.9982 0.9952 0.9914 09869 0.9835 0.9795 0.9750 0.9700 0.9643 0.9579 0.9507
PTW 31013 1.0007 0.9985 0.9958 0.9924 0.9882 0.9848 09810 09765 0.9714 0.9655 0.9588 0.9511
PTW 31021 1.0007 0.9984 0.9957 0.9925 0.9886 0.9856 0.9823 0.9786 0.9744 09697 09645 0.9587

https://www.cnki.net
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Table 5 Uncertainty in calibrating photon beam absorbed

dose to water using Ny, ,, (%)

o 90 DAL, 308 e e A S £ e A IH 1 10 O XA L T
SRR SR e A HEAN B 5 T /)N
ST AL, AEARHESE I = A E IR AT 254

T AR b A AE i 55 ©Co y S AR TA] , PRt 3% 8 F1ZE 9 0 i) HL45
HERT EHE THFP RN, N, AL REL, A5 T SRR
LR i b WA e (L AR S M AN 8 R e S
BB £ AN 0.6 0.6 HEATHE BE , 5 SR T AR LG D“Qfﬁﬁﬁﬁﬁ)%mrﬁ%&ﬁ
AR 2 P 86T SR i FOEAE N 1.0% 7247, 507 HREEAR — B0, EHIER
PR KR A 03 02 Nipyrs e F RO D, o 11 7 B 2 0K AR %H
3 5% S 04 03 SR g HhL T ORI R I P A 8 0 47 0 000 0 R R
i SO R T 0.6 0.3 FE
BeHEROR 04 03 2.4 FFRKREFIER #

ARFRBET & 10 06 ZAS YT X i AR T SRR 5 0K R LR AT
SR EWATER 14 08 %, 4%%?5!@%%7?@5!@(%'Jﬁﬁj*ﬁl%ﬁ%i@/ﬂiﬂf”ﬁ*
D oM BN BE CL IR 1 F12) 1.5 10 F12E ¥ 7145 (Pencil Beam Scaning, PBS) fii iz & 4t .
R6 LHARBEBEELSHEL FRAE R, IRk, E
Table 6 k,, values corresponding to different Ry, for various types of ionization chambers in high—energy electron beams

SFHERJT Rsy/g - cm?
FL B 2 2R
1.0 1.4 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 7.0 8.0 10.0

PTW34001 09743 0.9645 0.9518 0.9428 0.9349 0.9281 0.9222 09171 0.9127 0.9088 0.9055 0.9001 0.8960 0.8907

IBA FC65-G - - - - 0.9328 0.9279 0.9241 0.9210 09184 0.9163 0.9144 09114 0.9090 0.9055

PTW 30013 - - - - 0.9300 0.9247 0.9210 0.9180 09155 09135 0.9118 0.9090 0.9068 0.9037

PTW 30012 - - - - 0.9384 0.9331 0.9290 0.9257 0.9230 0.9207 0.9187 0.9156 0.9131 0.9094

ExradinA12 - - - - 0.9353 09304 0.9264 0.9232 0.9205 0.9182 09163 09130 0.9104 0.9066

ExradinA19 - - - - 0.9320 0.9273 0.9236 0.9205 09178 0.9156 0.9136 09103 0.9077 0.9036

R EMAAEBEESREETRIBIR, N RHk,,
Table 7 k, , ; values corresponding to different R, for various types of ionization chambers in high—energy electron beams
HHE Ry/gem?
LB A
1.0 1.4 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 7.0 8.0 10.0

PTW34001  1.0851 1.0742 1.0600 1.0500 1.0412 1.0337 1.0271 1.0214 1.0164 1.0122 1.0084 1.0024 0.9979 0.9919

PTW34045 1.0861 1.0747 1.0601 1.0498 1.0409 1.0332 1.0266 1.0209 1.0160 1.0118 1.0082 1.0023 0.9980 0.9924

IBAPPC40 1.0826 1.0721 1.0583 1.0485 1.0401 1.0327 1.0263 1.0208 1.0160 1.0118 1.0082 1.0024 0.9980 0.9922

IBAPPCO5 1.0647 1.0572 1.0474 1.0401 1.0337 1.0279 1.0229 1.0183 1.0143 1.0107 1.0076 1.0022 0.9980 0.9921

ExradinA10 1.0714 1.0611 1.0482 1.0393 1.0317 1.0254 1.0200 1.0155 1.0117 1.0085 1.0058 1.0016 0.9986 0.9950

ExradinAll  1.0720 1.0615 1.0483 1.0393 1.0316 1.0252 1.0199 1.0154 1.0116 1.0084 1.0057 1.0016 0.9987 0.9952

IBAFC65G - - - - 1.0249 1.0195 1.0154 1.0120 1.0091 1.0068 1.0047 1.0014 0.9988 0.9949

PTW30013 - - - - 1.0240 1.0186 1.0145 1.0112 1.0085 1.0062 1.0043 1.0012 0.9989 0.9955

PTW30012 - - - - 1.0264 1.0207 1.0162 1.0126 1.0096 1.0071 1.0049 1.0014 0.9987 0.9947
RHEET N, e R BT, SIEARDE T SRR SRR o ARl i 58 o1 AR A K R i S
T HRABKRES . ER TR TON AL RS G BT KGRI R AR TR R TR
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Table 8 Uncertainty in calibrating electron beam absorbed dose to water using N, , (%)

AR BRI A A
AR 1A IR RE L

D, o (5 RN 1 B R R 1 A12) 1.6 2.1 1.1 1.2

£9 RN, Bt iR T KA BRI EE (%)

Table 9 Uncertainty in calibrating electron beam absorbed dose to water using N, ; , 5 (%)

AR 1 BRAESL G A
FEMET AR Ny 75 0.7 0.7 0.5 0.5
BB E RAN E 0.7 0.7 0.5 0.5

D, o W5 AN E BE LR 1H12) 1.4 1.4 0.8 0.9

Sey R B O HAT R R, FIATE L B =
A HESE FHAE R, >0.5 grem™ 1) 55 T R >15 g-em™ i)
PBS R4t VAR B S MARIEH TR A KRR+ 0R
S B TR R ST AP B Y S i AR R R AT
BEENEBERNAKRTSE G —F,

FH PRI o AR SR i R MH, AR
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AU B %, RRE H I =4 K53 H i/ MARFR
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MLy . EEXT PBS RS0, 7 4 S EF 5 TR T A BE (1Y)
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Table 10 Comparison of k,, values at two R, for various types of ionization chambers in proton beams with earlier versions

R.~2 g cm?

R.=30 g-cm?

LB AT 22/% A 22/%
TRS-398 2024 TRS-398 2000 TRS-398 2024 TRS-398 2000

IBAFC65-G 1.0231 1.041 -1.72 1.0207 1.039 -1.76
PTW 30010 1.0237 1.030 -0.61 1.0213 1.029 -0.75
PTW 30011 1.0185 1.034 -1.50 1.0161 1.032 -1.54
PTW30012 1.0304 1.041 -1.02 1.028 1 1.039 -1.05
PTW30013 1.0256 1.031 -0.52 1.0232 1.029 -0.56
PTW31010 1.0231 1.0208

PTW31013 1.0198 1.0175

PTW31016 1.004 6 1.0027

PTW 31021 1.0314 1.0292

ExradinA10 1.0270 1.0255

IBA PPCO5 0.9924 0.9910

IBA PPC40 0.9954 0.9940

PTW 34045 1.0050 1.003 0.20 1.0035 1.001 0.25
PTW 34001 0.9970 1.002 -0.50 0.995 6 1.000 -0.44

TEAH 2 B, i3 T AR S 4
Xof 3] 2 AH SC A FEAE XA FE 43, oY ke (E AT SR
FLIL PRI A, HOR B (4 OB O E N
1.4%, A B /N T H 30 59 137 4 8 (1.7%) F-F- i 78
(2.0% ) HL 25 %5 11 k IE AN B o I T SROK IR AC ) o
1B AR R 7 B PE 2 P BR T ke, RIS, Hofth 507 3K
AHTED BB I B 1 A1 B 28 r 5 25 5 2 39 o A U
A AR E AN R BE 20 1.7% o

SV T AR AR T AR T RS R 4 3 U I
R, o T 0T AROK IR AR 4 X 0 2 R AR
B B S AT AR (S5 ) 7 (1 A i
FEBE N 1.7% , PR 28 SO HE A 3 R F P
2 SR ER A 56 E A
2.5 BEFRKRUIF SR H#

%7 TRS-398 3% JH 7 ICRU 7 2019 4E & i i 45
93 SR B IR R EOR T A (Z=10) i )7 5
B F A E R, R TP <10 E T RS T,
AT TR A RSO TR TR E
FH R oK B R 7E 2~30 g-em? JiL T 40k 2 (He)
2 18 (Ar) I B 1 Ak 5 PR 7E 2~30 g-om” I 52 5
T
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165 2% 304 5 1, % T SOBP AR =, A3 4% S
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SOBP % £ <2 g-em? HAEVELET- M Hi 25 %, HL S 5 11
R0 A5 RE A AE SOBP B L o BN T BARE SR B
TR A, 5T R PBS ARG KA S H
VR B R TR B R A A it 26 (PDD) 1Y FEIX, B FE T
A H 5 2 35 mT LA A 00 o o v 1 5
BOKBEHN 1 g-em?58% 2 g-em? b, HAK IS 1 (i [R] R
= (6)iH5,

BB T W k(65 F I A ST LB an 2% 11 i
N5 AR F B R AEAT T .
T ATHL, 2 P R A AR TR i E S R 1
SR FHBECHT I 1 e (7K TR MACR) (T3 10/ 1% 224
SR FHAF-A FL 8 2 0 AR AR /)N

BB T A ky (AR 3 F AR 3R R
T 2 J3E 0 B D N 2.4% , A DT 1Y 3.0% 26 A
AN TERR B F R D, (65 B HEASH 2 BV TP RR &,
AP A e 5 0 R — B, SR AR AT
M TR 5 5 22 ) R U R N8 2 T 3310 2.6% A
2.7%.
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Table 11 Comparison of k, values for various types of ionization

chambers in light ion beams with earlier versions

SOBP £ 3475 % 7 = 5E , iR 75 Z 48 i RBE AL
{5 A AT 2 S, 8% T AR 1Z 2 F T SOBP [X.
$a S o £ ) B B P R A T I

k, “r o
TRS-398 2024  TRS-398 2000
IBA CC13 1027 1.040 125 TEICTF AR, 26 12 245 T 1 oy R o (o I 4 &2
IBA CC25 1030 1.040 -0.96 [) IBA FC65-G .PTW 30012 F1 PTW 30013 i i % 1F
IBA FC65-G 1.028 1.042 -1.34 6 MV (TPR,,,,fH %4 0.68) #1 10 MV (TPR,, ,, fH %1 A
PTW 30010 1.030 1.031 -0.10 0.74) 6F AU HEL I 5 k (E Y LA . TR ko (E A
PTW 30011 1.027 1.035 0.77 BT RGN — A5, FLAE W /N TR DI, Bifi e 2 1 i A
PTW 30012 1.037 1.042 -0.48 X 22 EAA S R i a3
PTW 30013 1.028 1.032 -0.39 L3R 7 T, 3% 13 F13% 14 248 FH B A TE AF-A
PTW 31010 1039 - - Y HL B 3 A W E TR BT A ke (BN k5 (L BT HIG
PTW 31013 1036 - JE AR . B ARIE ks (HAZ A ARXT AN, HNIM E
PTW 34001 0.997 1.003 -0.60 S LA AR N, SER B BE S X T T o
PTW 34045 1.006 1.004 -0.20 R e M R A P T DA BRI IR 55 o
Exradin A10 1.033 . . HEAE % 10~ 14 A J01, > 587 J5 7Y TRS-398
IBA PPCO5 0.993 - it , IBA FC65-G HL B &= 5 R RE DL TR L M B T
IBA PPC40 0.993 - - T SRR B 3R D, o B8 RS 1 A KT i 2
F12 TRk, EEHAE S
Table 12 Comparison of photon beam k,, values before and after update
TPR,, ,,=0.68 TPR,, ,,=0.74
H, B 3 A : AHXT I 22/ % : AR 22/ %
TRS-398 2024  TRS-398 2000 TRS-398 2024  TRS-398 2000
IBA FC65-G 0.9912 0.995 -0.38 0.9802 0.985 -0.49
PTW 30012 0.9910 0.994 -0.30 0.9804 0.986 -0.57
PTW 30013 0.9876 0.990 -0.24 0.9753 0.980 -0.48
13 BT Rk EEHAEHLE
Table 13 Comparison of electron beam k, values before and after update
R4,=4.00 g-cm? R4,=7.00 g-cm?
e | AR 22/% ARSI 2/%
TRS-398 2024  TRS-398 2000 TRS-398 2024  TRS-398 2000
PTW 34001 0.9222 0.920 0.24 0.900 1 0.898 0.23
IBA FC65-G 0.9241 0.920 0.45 0.9114 0.910 0.15
PTW 30012 0.9290 0.920 0.98 0.9156 0.910 0.62
PTW 30013 0.9210 0.911 1.10 0.9090 0.901 0.89

IR H-0.4% .0.5% -1.7% Fl-1.3% , HAH X b v A
EEMI N 1.0% . 1.1% . 1.7% F12.6%, EIkE R HZ
HIRRAAL R D, H 75 BT IR . SRR A
SR B0 0 o 28 R s R R 2 AR

EReRiop Al
hE4M  https://www.cnki.net

TRS-398 i BT~ 3L | Jot 50 4% 7 1 SOk I i
FR R A HE IR AT SR R ALY L B 48 A A R0 1 5
PLAES 2 N R AL A0k 2R B IR AR i
P A A TR L AR B 07 1] ) SRR A R o SR PR Lok
WAE T A b T ST 36 2 2 ) e, S SR (L A i
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Table 14 Comparison of electron beam k, ; s values before and after update

R4=4.00 g:cm? R,=7.00 g:cm™

FL B 2 R A ZE/ % HEXH2E/%
TRS-3982024  TRS-3982000 TRS-3982024  TRS-3982000

PTW34001 1.0271 1.028 -0.09 1.0024 1.003 -0.06

IBA FC65-G 1.0154 1.012 0.34 1.0014 1.002 -0.06

PTW30012 1.0162 1.013 0.32 1.0014 1.002 -0.06

PTW30013 1.0145 1.013 0.15 1.0012 1.002 -0.08

r [ %71

F& T B EEWRE T B IR . BT R
[RIATTE L g 2 8 SR R A2 38 8 #E 3 mm I, X T HL
T ORI B AU B O ) AR BRE IE A7
2 mm N, FLIX R 51 225 0 Ak 1) 39 o
/N 1.0%/mm , 5 S 00 5 S B e B
PAFAEAEATR M2 Wk T P, A
& B B P RS2 R F RIAT TR f g =5 1 R A AR
O EAT R AL, AR 10 D 5 AR 2 25 0k 3 1 7]
JE A R S B IE A0 BT SRR B RS 2 R
FEAEFFIX 8 SOBP Hrty , H 5 46 B /N T 0.5%/mm,
BT A (FE K IR 10 em 42b (19 5] 886 JE 2 0.7%/mm )
W/ B P RS T B T R A A S
Ji] 45

DPREFEAGBEMEZIE TR, LHERET
FH B EACHEIL D, BN S RIS i, R
PR LB %R (6) F1 3 2B kb R B 2 A 18
WEAA, SEBR b H R AR BT ORI 5 T R 2 RO
S R A AR T B P s i Jaffe Bl 5 S %
Rossomme %545 H 1 = W1 R DL AR AS e A 1) B 1
BAMEIE NIM W IE 5 JF AR 8 1 B2 b &
VB, FF AR S A 5 LA o I PR s A o 5%

T3 AT A T 7R R ) ) T N
1E % 20 °C A1 101.325 kPa FObR1ES % 254, i F P r
FH B R AN SR Tt 55 2 IR, DA PR S R
WEABIE ke (E A HERAPE . 45 TRS-398 787K Wi
A I S P A B SR K, TR B AR R TR
FHEAE AR SR A A 1 DA DR T 4 F PR 7 N
1B it Je A PSS e e, PR K S A M R TE
BAWESHRE (NS fet TR R R AR e 1
FRO) R HE THRE SN O A8, 5 P AR K BSEAAR 9 5E UAR M
Joi BT A4 B 1 Y K ARG AR B A IR A7
B IE R 5, o n] K SRR BT Jr K 0 i)
FEHE T AR o B 5 BRI 1 0 2, P i 2 7
SR K ASLAAR S0 0F 7K S5 A B RE 18 8 1 PR 7 1) 52 1 A
KHIRE
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4 % it

AU TRS-398 15 A HL B % ko (8 M2 D, o AN 1E
JEHEAT T AKRAETT , FER IR 51 A KI5k
WS 30 28 4 1 I SE IR, JF J R AG ko (8 19 AN 22
JE AL EE T “Co K WIS A5 i 2R BOREHE I R IR YT
FHSTER I D, o (AN 5E B, 9 — 2006 RS T 4
ENON NS

A B A5 [ N TSR AT AR K SR e A 7 S
B, 265t 3 A I PR ) SR O T R T ) 5 e A T
58, %5 TRS-398 H % 5 40 2 1) 538 iy J 2647 1L
B, PR TP 2 PRoAHE I H 8 2 A 2000 o 5 0B TE A
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