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Fig. 1. Schematic diagram of absolute dose algorithm model.
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Fig. 3. Comparison of PDD between Monte Carlo simula-

tion and experimental data.
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Fig. 6. Comparison of dose caused by primary ray Dl’j7 for-
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B HIZH R R TR 1 em.

3.3 REBFEIRATFHEEL

FIH (9) K—(12) KZ M A T 155 ho ¢
T o1 fl ERJREIER ho( o1, B ), IPHIHACA (6)
o, 9HK 4 FREY 6 MV X SH8 774 1 Ik
THIRERS (01, F) , WNE 8 AR,

& 8 rh A As Bk R HEL - B R A (recoil angle,
Ra)p,, HIEREIR 0 < ¢ < /2, DAARFR A HFHY
Rt B, WARBR KT & (particle flux, Pf), &l
o) AR = 4ERE TS R 0 =KL Y R b A 4%
i 0B, B8 IR B A KME, BAY, rF YR
M 0.44 MeV. MK 8 ik Al LIF h Z IR F47
e o1 5 B REEFFVNT 1 TEREA.

TR BRIE AN R TR R e, HILAE
A B (scattered angle) 6, FABASHHIA. MR
i (7) LA PO F o #0E , 7T IS 2 K
HF XTI AT RERE» (W', 01), HFRIK
HanF

x10-6
6.0

14.5

3.0

3 | N&e\]
‘a“e\"%y E

B8 W TR T bR B A o1 11k

Fig. 8. Particle flux of secondary electron with energy F and recoil angle 1.

018701-6


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 70, No. 1 (2021)

018701
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B9 ZYOLTRORL T R RERE B b’ FIHU A 0) 1921k

Fig. 9. Particle flux of secondary photon with energy hv’ and scattered angle 6.
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HRAE (9) 2K, (32) 2NH ho 2 KTF ho' 17 PREL.
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ffi (scattered angle, Sa)f,, HYEE N 0 < 6, < =,
Bl e B oy = e s = IR Y ol
0 B, SEF I H IR B KAE, ILBHEF R RE R
0.46 MeV. —WEF 4 M 7E 015 ho' (TN T
1.1 WFE .

XF H B AR A RETE 7T AR B, Y HL T8 s i
@ = 0B, SETFIEL A 0, = =, LA, ASHH
HF 5 i T R XL OREE, 6T RE R YEFE 0—
0.25 MeV, YFERIEELM 0.55 x 10 6 cm? MeV !,
HL TR REFH VS BIAE 0—5.75 MeV, HL TVE I 2
N6 x 106 cm>MeV L. HHFHI WA o =
n/2 B, SETFRIEUR A 0, = 0, B, ASHREF M
o8l e FIRAREE UL, RN 0.
MEU A 0, = n/2 0, 6 S 4ERE R L
g — A, AR AR FHEE R 0.5 x 10°
cm?MeV!, 32 s 6 N G FRES A 0.17 MeV, 1
BEI AL F I R oy = 0.75, ST R HL T = Z4ERE T
P L I 2 AR 3R 4 X (L ) e /ML

3.4 PDDHItESHE

Pl 10 Sy 38 3 52 45 R 2 5 LA B 14 R [ G B
PDD 581148453 PDD D(2),, (VA D (2) F K H)
TN AL AR EE, HA R EZFESA 100 cm, SPZRIE
FIE 4 FERE) 6 MV X 148, 7E5TEF 3 cm x 3 cm
W, 507 PDD i Rik2ZEH 4K
2% (F WA AN ). W62 78 59 ik g o X S B0
WX A 22 R LRSS 3.1 P R . R REHC
R (20220 RO Ay 2R T 7R ok 1 D A £k e IO
RGP i A, AR H T AU Y I Y.

100 F —— MC data of 4 cm X4 cm
----MC data of 3 cmX3 cm
"""" D(z)y of 3 cmx3 cm
X 80H =)
~
2
o
e}
< 60
o]
N
] :
g 40f
= i
5 ;
Z H -
20 |
0 I
0 5 10 15 20 25 30

Depth z/cm

B 10 BB G (5 R/N 3 em x 3 cm F14 cm x
4 cm) ZE AL SERE R B 07 LR Dae 5151 D(2),, (3
WK/ 3 cm x 3 cm)

Fig. 10. Comparison of Monte Carlo simulation PDD with
different fields (field size 3 cm X 3 ¢cm and 4 cm X 4 cm)
and calculation PDD D(z),, (field size 3 cm x 3 cm).
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22 AL, I A S B RO Y G R R e
RO AR R 35 I S 30T B 2 O 2R X A T
Wik T A SEMNESETHENRESSA
Lok [ TR A TTER. RS, Y IR B R
0 x 0K, D(z), MW FESL W PDD HE4#
e 3lig

3.5 IFHHREFEITE

R SRR th = SR B, 300 DK i

K, BEEERN 5 em. FIHE 4 iRy 6 MV 4%,
FEH 3cem x 3 cm, AR Fp ) i 5 piﬁﬁﬂ?
0.1,0.2, 0.4 fil 1 g/cm?. AS[E%E YR AIFIE D (2)
BT 22 A TG S R i R TR i v
LI AN ], XS5 3R 7 g, o 7 7]
DIARAE 2.4 T5THRL o PYHUELE R DU e T ) v
T4

TGS () ROT N RV A8 ) HL A, F
AR R BT EF AL, [ T 2 B AR b2y
MO TR, s B AP, 6 MV
ST R 3 em x 3 cm M3k Bk [a) B F
S I B pr, M p = pp B, BAAAR P 35 ]
B A, (15) 2 (p2 =k - o1+ po) Tk, 5
wo DIPRFFANAR | b Aok i 225 32 ek A8 el A8 O -5
FER R . YIRS R p < pr B, AT 2
o 15) FEL A, E @) BEIT /2 BsF, R AR 28 AR
NIRRT 370 5% 16 8 1Y) TSRO, RIS ey BN 7R
o B2 0 B, PR RE T E AR TERR TR, 2
B B AR /NG R VR R DT AR D ERs Y
o B RN p X0 HIZHL &, S,
RUNR LA, k, Sug WRT p BT, A%
5 B R/ NS ZR RE HAH .

21 RN p WRIBHk, Rl

Table 1. Parameters k, and p, of lung phantom

densities p.

p/gem 0.1 0.2 0.4 = pr
k, -6 -3.75 0.75 3
o 6.8 6.1 47 4

Bl 11 7R iy 4 RS [R] il 25 B2 /9 PDD il £k,
X HEREAR 2 A 0.1, 0.2 5 1 g/em?® B 255 K
PR, 8 [ PR AN P Sk 1) 70 B s I o 8 1
I, A 0.1 g/cm? A PDD E55—4
Kl 22 FE b (B 11 IR EE R 5 cm Ab il 2k
7)) FRHREE R 10 em B ERIE 2 17%, %%
0.2 g/cm®) 7] & kMR 249 K 5%, Hili B 14 %5 B 0.4
g/cm?® [ PDDHIZEAE 10 cm JEHI G K8 4.5%,
X — 5530k (23] — 2. (HAEVRE 6—10 cm 4b
AR R AR, 5 SCik (23] 208k N 3%, X
FE RN BR8N — 2K R ik A
PSR P 22 U IS Y >R )50 2 Dk, 7T B /NS
SR A DTk TN, R 11 TR
SRR A SR PDD S 24,

100 | — 1.0 g/cm?
— 0.4 g/cm?
X 8ok — 0.2 g/cm?
> —— 0.1 g/cm?
é
< 6of
9
N
3
g 40t
S
Z Water Lung Water
20

0 2 4 6 8§ 10 12 14 16
Depth/cm

P11 A T] i 2 B2 A K i K RS A4S e S5 BB o Bl 1 O

) 4t

Fig. 11. Percentage depth dose of the central axis of the

field of radiation in water-lung-water phantom with differ-

ent lung densities.

FEE AN K 38 FUE (B 11 R B
10 cm 4b T B ), AR % BE Ml B4R PDD A8 X T
1 g/cm? flifE{Rk PDD H B A7) I K X 3=
B PR G0 B AR AR 23 B AR A v el b, 7
IRENEE AN KA T4 J5 6T B AR . Ak
EHTZ NS AT RIRBAAR IS, 275K T B
5 AR R BT TR IR R AR AR
T — B KRR ) 5 R SR 1.5 em, X2
M+ 6 MV JF2 AR5 A 5 K0 a5 Ab T 514k
D RE TS & A2 AR Ak, AIRRE ST 4 i a3, Ik
HL A SRR AR

B 12 FR ATEBREE R 7 A 11 cm AR REERYE
MLk h 2k, Frf s il e R 2 I3 1 g/em?
(7K KA ZE B i O em AR5l BT . ETR
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Fig. 12. Off-axis ratio curves at different phantom depths:
(a) 7 cm; (b) 11 cm.
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Abstract

A algorithm of obtaining absolute dose at each tissue depth only by the mathematical calculation of
formula is reported. The algorithm is based on integrating the energy flux of the electron generated by X-ray in
the range of irradiation field, and the energy spectrum of ray and the secondary scattered ray are considered in
this process. In this algorithm, the water phantom in the irradiation field is divided into several thin layers, and
the energy flux of the electrons generated by interaction between the ray and thin layer reaching the calculation
point is calculated. Finally, the absolute dose of the calculation point can be obtained by accumulating the
energy flux contribution of all thin layers. For the X-ray with continuous energy spectrum, the expected mass
attenuation coefficient is calculated for obtaining the photon flux at each depth in this process. The absolute
dose calculated by this algorithm is verified by Monte Carlo simulation, and the difference between the
algorithm and simulation is compensated for by a dose function about multiple scattering photons, and the
function shows fast descent and then slow ascent. It is found that the ratio of the dose caused by backscatter to
the surface dose, and the relationship among forward scatter, backward scatter and primary ray, and the
relationship between the dose and the depth of the secondary scattered rays show a trend of first rising and
then declining, and the depth of the peak value deviates from the position of the thin layer. Three-dimensional
energy spectra of the secondary photon and the secondary electron are also compared with each other, and the
spectrum is a function of particle flux about particle energy and particle direction. From the perspective of
Compton effect, the physical meanings of different positions in the three-dimensional energy spectrum of the
two particles are explained. It is found that the difference between algorithm percentage depth dose and
simulation percentage depth dose is similar to the difference between small irradiation field percentage depth
dose and big irradiation field percentage depth dose from simulation, and it is verified that the difference
between algorithm and simulation comes from the increase of scattered rays. Finally, the algorithm is applied to
the dose calculation of non-uniform phantom, which can accurately reflect the dose distribution characteristics

and have less error.
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