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ABRAGE} PAIH
‘Agsn e PAIF GG
TR BAAEY T
"AR UG £

RS, BEY, 24, 2ATT, A

FARA R ol HE X-Hel FHS LS| o], 2B UL ol§3e] Y2 EHol
YA 6, 10, 15 Mevel BAAol o8] BAHE X-49 AUARES FFAUAE ANsAT
wel WA $42A ASE Bx FRFAUAE 6 10, 15 MVl dhate] 22, 14-16, 2.1-25,
28-33 MeVHSIZA w7ol A &4 %1 Ae AAHAT. EHAY $AF 100 cmel A
F82 6, 10, 15 MV X-49] UL TS olgatel, BB ANCZ PoluTFEe ANaY
. o F 10 MVel ¥ R 2Rt vEsgch AV 10 MV X-H8] golHFEe WA

& Agsn Qolo) Frto wet AR WA Vet 2 oft AA X-He IARE
A& APl 9 WAREA} EFH) Gt VB, B ATNA £9% 2HBE AN
sl o &7t L@ o] A @7 WEoE PzErh

FAgol: A2, FRAA, THF= ALY

M B

HALA 2B o] HE EL dux] X-HLe JM&H
gNA 7hE&Rd AR BRI FH(target)o] FRA
o A3 A F B (bremsstrahlung)eld. A F
BEALZ st WA #xe] duA s 0 HE
PAFAZL ] EFAUAEA7HA] Ad&Hor EX3}
o, 239 23] A4(attenuation coefficient), S+ 4
4(absorption coefficient) &3 S WALHRZE
AT &4 L AFAN EUHE ASFSo] FAA
&9 Uz 2"9EZHS FgFolmg X-H9 YA

HEA 2
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2y e A3 Taor & "ast P ze oy
xg = X-Ae ox EEE  Faddegon,”
Landry” 59 Qo)A sl zo] Nal £& Ge 72%&7)

9} MCA(multi channel analyzer)& ©]€% HAHEZ
Aoz 7 ¢ U, diFoz AMNEL A
e WEEE X-AHAe W oy T (flux
density)7t #$- Eol A AL o A=
g2A A X-A9 qURAEEE FIe vE @
7HA Wy er F EAY FAC ut 34

BHAFTE o] L3t AUAEEE FE3+E energy
reconstruction BH¥¥e] Qo ZHo FuEE

a2 A% EFZAHZAYo] xeFHJen, 1 AR}
AE A Eo] XA &L pencil beamo] tF oy
AREolnz HA X-A ZAHY AU EESGE
ztol 7t Atk o] fex AFoz Fi= Wyds
2 @AE tAed, 2 F shvde AE79 ¢
S (response function)7} ojUA]ol &J&3st7] wfio]
o2 grEe FErd d§ HEEst F G
a2 A AR 7] gFolnt.
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AT EA dig o2 dFory HUEFH
PR AL o) £33t Heitler'"7d 23 23 2 9
2 7t7 FAEM0) AW, BHEANAN LA
ojxAAE 2 FR A5G o Ty
AAEE AFEAE dod 4 glonz o Fut
S o]gdtd EHYRE WHEHe A dUAE
T E ANSE dee gdix FE7t Aok
olgigt Wiz A EAGNAN wA3E I
L9 LA 9 A2 dAY HEE EF
HIEA, B3 E 2 WUEFHE FAe AUAE
& Fete o3 WHe=z, EH ZE(Monte
Carlo) A4 AGd 4 Ut o] AdEHLS F
dE & duAlY HAAH o Aue AL B
of ol&Ho] fovt 1 Axe AFYAol AW
A, A S FEE g EoliA ZAH B
PPoz ojfo] FriH Aok E=H A2 FFH
718 Moz AMAYLRE B A7t olF9
Az on, P& FEHE X-H9 oy
AREE Fie AT7NE E2HZE ALE ol &3}
£ ol A& gwsixu Uth

E Ay XL ZHZZ Wy o434, ¥
2¢ BA-o) QAME 6, 10, 2831 15 MeV] AAE
o 93t ZAHE AFHAFAY dqUAREE
AEE RAo2A, FFHo2E A o ¥
AR S X-H9 B8 EAQS n@dste, WALA
ANEE 98 ABAZ L Ao A2 T4
37) 93tolth. BEHZE AMNL E3HY £
2 100 cmollA &wEoZ 0dA 20 cmE A A
4 Fo B GUEXE TP b FEHUT,
o] Wt Aglel HFA e BAE T
Ak 283 6 10, 15 MV X-Ho) tidtd Zzk 4
a8 oA EXE o] &3t o] F&(percent
depth dose, PDD)& #+7 F3dem, 2 F 10 MV
X-Aol dd #e FAHFT v, BYdes AFE
T, g oo AFE L WA=
AEEALY o|22<l WA EHZZ AL WUy
it =93, AgddAE AdZATHe] AAG
A Azel E4o] o]FojR Y, AT ALEH
o g & Z o yoprt oz EHZE Al
A% A7 W F& =%

\
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N2 o
1. BXet E-o 4SEE

B4 A AA"e 1 238 FASE HAG
33 &% 3 (Coulomb force)oll ol&o A5 zg3Fc,
49 Az FEY gt 9AE o7 (excitation)
ANAY o) & F(ionization)A) 71H, dAFH FET u
= Yo ZAd A7 g8 AFEAE gz
wetr Z2FdE&E APse AAY iR &AL F
3 AFEAY F FHAo 9ty LAYy, o]E
949 B=239 HAA duA &4 F, AR S (total
stopping powen)d] #FAA 71&HVE Ak
FH, AFHA oty dAY A= FHEA,
Tz A a8 A4S Tt EZH 45 F
&3tH, o] A 7IA A3 FRLEe AHEA AT
AAELE Al FAe HAd] 7|8 A HEd, 2
ZoA ddHoz By oy vAFH AYE
€ AR7] AR$-o)(electromagnetic shower)Ztn
0 2 A7dA BAL HAE AL AFISY
B2 R WEHE 3 qUAREEZ, F
o]l LA A Fo AT EA dF o] ¥
< WA 1z 2o

LA A7) ol&d W 3T
Ay MEE aE HA W, @9 dALGSE FIH
wEEE AX7|Ae dAzt 7 oy A (power)
dP/dQe 93 Zo] frean”

el A

dP _ e’a’ sin %0 )
dQ = 4mc (11— Bcos 6)°

Aq4714 cE #%, BT EHIHY HAY &k
o, % Ao sk tig x| wE
Wgojtt, o] HozRE st&d A o HA
7199 W& &5 AFd ", =0
=¥ &£xoX AzrIgEe Az APy FALEF
o2, B=x12 #WE £xANE Azl APWFS
2 1EPS ¢ 4 AT ¥R 2 A A%
HAte] 28 ¥ (angular distribution)= Bethe-Heitler
o] A9 Aoz fFREHAoH, FAFFo|
me?) AR & Rzt E¢d @, E;>mgc’
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e

EL Ay HAtd oA WAT FAe] F
HEzte f>mic’/E o BAE AAE Ro
Yebg O ixle] stz AE ALY B
A (cross section)E ZHEEXZ Fojx uidwd
€ EE 4AGd ddtd HEFOoRZAM Jdg F
on, darAAY U7t Ejoli, E;> mgc?
B2 YA HA o, A=dAe g
29| (complete screening)E 733, F =3¢ Bethe

9 g4¢ et go”

2 g o

[o]
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e

Zl/3 9
(2)

e~ 2000w - Ewjm L]

o] HA  gy=aZ’?, a=1/137.04% ©ATZ
4*(fine structure constant), Zt EZ 9 Yz
5, rev LAA AARA, 283 w=E/E;& A
Ao} wpx gt X SFEjo ouxiel wlojt} o] 4
L2RE AFEANM YA & HAE FAY
WA o] SAH R [[edl TS ¢ = Ytk

2. 2HZ=2 HA
1) 2HZR YAz

B dFdA "A7L ARl E E2HZE wygoR
AMdst7l ¢ A4z =+ EGS4(Electron Gamma
Shower ver. 9@ ='¥o]t}. EGS4® SLAC(Stanford
Linear Accelerator Center)ol ] At} 3xieol &3
el FEFEE ALET] A3 A Tzay
.24, EFA B F¥(standard subroutines), PEGS4
(pre-process for EGS4), 18lx AI&AZE= (user
code)Z TFAHY Utk A EEMERFHS
EGS4¢] JAF2A A8 A 2 A, 7138
Tz Aaug F& FIY39, PESG4AE EGS4
o 8 A Hod A g ARE Ade )
g 7Y AMgARlEEE B399 d&8 2 73
FZ9 AL, AdAe] MY 59 7lFE FYdIE
b, EGS49] &%o ue} A&7 AF S
o] At}
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incident electron beam

Tungsten

r 100 cm

) detection plane

y | (20 radial bins):Ei
€
| 20 cm

Fig. 1. Diagram of the detection géometry in our

Monte Carlo simulation.

£ dFAE 9ARAt Bad EX3 S5
o 434§ Yosm, o HYANA EA g3z
P29 F45 F EAR A4 100 om AHE

&l
dete BAE dEHe Jve

% Syt gz
Z=E AH AQsATh 2 FEHA YA RE
g o]43td ZHolAHFEE ANy I A gA=m
E 24 xyzdos.mortrang ©] &3t} EGS49 A8
& EZEHmortran) 2.2 FHolYE YAIZE=E IE

H(fortran) 22 HAAddte AAR o] LEG IZ=
g AYHYZ APse F DAY #HAo| HyHn,
o] W A8d AHALe= 2+ mortran3®} fortran77
oltt. ARAAA L TFT BHZE ANY AAH
F& f=2 26 0] A (HP-9000, Model 715/100, hpux
9.0)el X PR, A Age AAE AF
B g ol&stidtt.

2) ol X| 22| AN

2 AFoA EHozRE AT AFEADA
o dUAETE EHZEZ Wyom ANy Y3t
o 44@ 7}PEE Fig. 19 2k 1944 e
uke} o] MAE AT 95 HEARZM, AR
AZtdlel WEZEE 01 cmol®, EXHEHL H©H2®A
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(Tungsten, Z=74, p=193 g/cm®), 283 F#&HL
T3g FHgALe FrNAIn, 0=00012 g/cm’
AARHY Aok B AFoA AlEd YAEAY S
o) 32 (mono energy)EA 6, 10, 15 MeVeolH,
7t ojui=lo] diste 3 x10%09 AAE A
o] AN EAH FAE H2HAA YAERLE]
CSDA H]AH(continuous slowing-down approxima-
tion range)2.2A], 6, 10, 15 MeVe oo o3}
o 247 427, 621, 809 g/em’E HEAAT £
2z A AR F4& 9% parameterE
A oAz 8 e Hatd didd F AUA=R
0.711 MeV, ZAo) sty 0.02 MeV, 28ln HA
9] 2dl(step) F oldR &H v &L 4%=2 HA
sk 22 A4 A7 g2d ZHA F
Hog Jalste AozRE AFRHY, JAAA}
FA3e FaFRLoN TATE FRESe] FAHAY
F2 A8 100 cm, 2831 Foj wrFH =3}
£ A% 0lg HEsH x|, A@¢FdFH Z2
2%L 71533 AYFH s AEATE AP
FyaT. o] AddA HAAFLY AYATFILLE 24M=2
A 6, 10, 15 MeV duvixld] tidty 2z} 0.25, 042,
0.63 MeV/energy bine|t}.

B AFdME FAHEY B E 20 cm=
ARggen, o AZE 20y IAZHF #I (1.0
cm/radial bin)2.2 YoM Zhzhe] wbA-73ke] o
g AR Ee HFAUAE FIAd  deld
WA Fhe) i3 AR TE A AA S ure} 2
o] 24708} AR 7zl g FAFo BEEXE YE
e, gdeolel wrAdzE 19 HFAqYA (EPpE o
S o) Al}A.

<E|> = glEj Pj (3)

4714 PiE ,5;2,Pj=1% BEate jA AU T

Tol diste] dursie B EEFHEEA S
Zo

Pj=

AN;
N, 4)
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q71A AN;= o A E,S"]’ Ej"{'dEiA]‘o]% MR =
FAe Folx, Ny 37 idA HEd JAF
SEPREY

3) woldzEe] AU

B Ao e 2239 AHE oj&3d 7 B
2pe] U EEe] BHFAAE FFEH7] HAdA, 10
MeV AHztol] distd 73 X-X9 dUAREE ©]
g5t 10x10 cm® AR HolHd %L e EHT
2 o ANy, I ZHE 10 MV FAA4
W3 =AAE9) vusdd. G2 ZHZZ AN
o7 FF 10 MVERS] AUAEEE o|&std 2
A HE S ANddE FHAolth

a) oliix|e] ER =S

ZAH ¢te 2 JAbEE #AY dURE ALE
JUALEZREH EEFE 87 9o, Y22
73 Bz REX®E P;E ol&3th. 28 x 0dA
1747 #93% BEXE 7HAEe 499 F F, dF
(random number) &€ #H3l9 o&# 2L 231 E&
D& kE FIOL

glpjsg;l(lgpj (5)

o) zozyE dHUE kot MZE UF &
e, e 2ol PABA AUA Ep 8 2
weh,

Einc.=Ek+$ZAE (6)

A714 E, & AUAEEGAM kAA AR o, o
vx] pzre] ZVQ LEE 22EoA AANGE #F
2o



olyg, ¥EY,

A% A UASHZRE SAs=d, 4922 A

e ZASAAN ARV A THF olFEHEES W,
EAd FAHozE ARZY FFAF 4DE U
Zol Ao},

AD(Gycm2)=7}D—L£ETO'A)- . 4t @
3714 pE g/em’e9ie BFY UE, O ©HW
Aol QAR ASLR AHHE JA} EFAx
(incident fluence)old, L(E, /)& AR 9uA E

o} 99 FNA g gol oEtd AAHE= A
9] A §A X5 (restricted stopping power)°|t}. 9]
Axtol A o) sl HEE 4 10 keVelrt.

2

Fig. 2& 2422 P 9std Add g9 B
ol AAHE 6, 10, 15 MV AFEALAL] oY=
EX2A, 339 A 100 cmolA e S43o
2 094 20 cm7tA 9 Frol i AAbAde)
o] 2N X-He dUAREEE dFE ¥
WA el BAEs FAs0 on, gARRe &%
AUz HYE 7HAE L AU FAE
HE HE&2A &A%t A& ¢ 5 A o] AR
T @Hoz FAXE A FHAlY HEddbgoz
By qas & ded, AU e #ate] w4 &

& o

Counts / bin

-
o
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Fig. 2. Photon energy spectra of 6, 10, and 15 MV
bremsstrahlung beams at the 100 cm from Tungsten

target.
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HEo] ZAMR R 1/ed) HlEEy] W&otk ¥
U o] BAE & dUATIAA 2l YErd
AdAdRees e, 2 olfe K8 FAE Z2
EHERA &AM YAAAZE AP3te HAG0A, B
HEAY AR o A FEZ Tu|go}l oy
AE A3 F& A AR EC] AFHAE 4
o7 o ¥& JuzE 2 FAI HEH Yy
ABEFo e x| Ftel 71dstr] wjFolct,
Fig. 3& Fig. 2¢] AA AUAEEE 873 F 3ol
uel 242 $R/e2, e wF T s Zxo
FFAUAE 3oz AL Aoy, o Jﬂoﬂ
A B S de utg ol A HFAYA=
MVl tdted 14-16 MeV, 10 MVl distd 2.1-
25 MeV, 283 15 MVl thadls, 2.8-3.3 MeVel
HH2A, X-4A9 HFANUAE BZE WA FLNA
A dAAT. Aoz Fojxie Fate HF
YUA= duzie o EXgE9 Fo ves 9n
s, o] ZFA velhd uiel o] wle] ukAol
Az PFouA e ®isyt 24 F& AL 113
o AMAE AFEALY] ZEX] B3 o]EF Fig. 2
o AANE AUARZTZRE gy 2L A
o) stEdt. ®e& duAE PALA =}
o8 FHozReE WEH FAEL HFWEH,
@=myc®/Eype @A & A Dxe 3yFH
of E¥3i, £ ¥ AUAE 2L FAREo A
FF E4 & F AW, Fig. 29 AR B XA
UEpd uiel o] Be AURE R FAEo =

e

rlo

Mean energy (MeV)
N
[-]
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Fig. 3. Mean energy of the photon beam as a function of
10, and 15 MV bremsstrahlung
beams at the 100 cm from Tungsten target.

radial distance for 6,
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Percentage depth dose (%)

Depth in water (cm)

Fig. 4. Calculated percentage depth dose curves for 6, 10,
and 15 MV X-rays along the central axis of a 10X 10 cm?
field in water.

< B &2 EA437) Wi HFAUR S WEe 2
2 Fe Aoz HHT 5 Arh o] FFol df B
o oldlE F7] HMAE Fze wMBF TR W@

B4 BXG AUAERZ BF AAFH L &
A, B =FdAME o]E AFE.

Fig 45 732 6, 10, 15 MV X-A9] A&
XE dYAREA o83, SSD (source-to-
surface distance)7} 100 cm%l E o] i3t &6z
2 A4S F8gsta, 1 AFRZA doj Hold o
P FeAge EXE o83, HoldRFE S AN
3 Aot 281 Fig. 55 10 MV X-Ae dig
doldage 230} B AT AF}g H
g ool o] ¥l HAMFAZHE H$ol
Z2Age 25 cmg 9 AAFGES ¥ 20 cmE BERA
o, FHAGNE AXHRL 40 %2 FAHAUY
12%2 %k A JeEgg. £3 25 cmolde ol
Ae Aargtel A7 wlE 5T @A YeEno
o] A} ANFHErldAN FEHe A4 X-AF
ANew T X-A9 GUAEEI ME Ao)7t
ALE ouisted, o] a9 2L AFHE 2 A
o2 Hol FFAHY Al o888 AUAEEY
2o R ggel] EAstE FAE u] o] 4A
o i 584 ¢ 4 Uk adEz FeAF
AXBANAN & oo FaREel FUFHoR
Zo|] REFZ Ha, o] FAEo] FHMAF 7AF
ozx HAMFXHol FHE Heolro ¥ Yol
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Fig. 5. Comparison of calculated and published PDD curves
for 10 MV photon beam.
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(beam hardening effect)7} E &=l U7l @&
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Rt 22 Hg2A EA387] B, i) 9
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g Aoz AT & Yo

o
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YARH R o] &5E L AUAY X-Mo] @
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JUAREE o835t BolHBEL FAE PHo
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2 w=Ee AnolA ved uish 2o BHTE



ol¥e, HEY, THE, YT, AS2: 0 Mevel HAMo| A EHol SE50 MASHE Y AHEY 61

Hoz AMdE X-H9 dyALEE ¥2d XA
A g 27)9 duAEXelng A AP
1A BFEHE X-4d WHde i Zolrb A
a8y 2R vty BHZE AAte HdI o
Aol HEFPYoz2 Bol H¥7t4&7) headd 713+
Z7F AEsHA wrdd 24 Y ZEHLE AAS
Yo, o0 Age dS YA N Aoz
Bt olRe I 2yY A7PE g &
& ded, A2 d& 772y 4 7HA 71Fe A
grr&olel dsl zzte) J3rxRE A 9
o 88 AR dRE AR F XA
=3

E =89 AR RE HES AN

2t}

a) 26 EHozRY WEHe X-A& giE
B oo FAER FAHY gt

b) o] X-AHeo HMZxo] i WA FF2A A
A% Bz U E FAANREY HY
A Aol AR e

c) TR 10 MV X-49 AJUAEEE
ZolAdFge EBHZZ AiAzes EE ZHo
AA ZAFH thik ol non, AL
E Ao 3§ oduAEXdEs AP
710l 9% DA} EHR XFHA g} o
Fojt}.

d) A¥7147] headd] 7131728 F A Wy
71 9% A77t 2 FEHE, AFF U R
7t FERAGE, G MFALe] aFHE
WAL A g 2 7lete] WAL Aol /83
A o) &8 o))

g3

2 8§

1. Mohan R. Chui C., Lidofsky L.. Energy and
angular distributions of photons from medical
linear accelerators. Med. Phys. 12:592 (1985)

2. Krmar M., Slivka ], Bikit M., et al.: Evaluation
of bremsstrahlung spectra generated by a
4-MeV linear accelerator. Med. Phys. 23:651
(1996)

3. Yuan-Chyuan Lo: Albedos for 4-, 10-, and 18
MYV bremsstrahlung x-ray beams on concrete,

olat2a M10d HM15. 19994 38

iron, and lead-Normally incident. Med. Phys.
19:659 (1992)

4. Faddegon B.A.,, Ross C.K, Rogers D.W.O.
Angular distribution of bremsstrahlung from
15-MeV electron incident on thick targets of
Be, Al, and Pb. Med. Phys. 18:727 (1991)

5. Landry D.J., Anderson D.W.: Measurement of
accelerator bremsstrahlung spectra with a
high-efficiency Ge detector. Med. Phys. 18:527
(1991)

6. Ahwa S.D. Steward P.G., Roy T.S., et al:
Estimated spectrum of a 4-MV therapeutic
beam. Med. Phys. 13:368 (1986)

7. Archer B.R., Wagner L.K.. Determination of
diagnostic x-ray spectra with characteristic
radiation using attenuation analysis. Med. Phys.
15:637 (1988)

8. Archer B.R.,, Almond PR. Wagner LK.: App-
lication of a Laplace transform pair model for
high-energy x-ray spectral reconstruction.
Med. Phys. 12:630 (1985)

9. Tsoulfanidis N.: Measurement and Detection of
Radiation. Hemisphere Publishing Corporation,
U.S. (1983), pp.283

10. Heitler W.: The Quantum Theory of Radiation.
3rd ed. Oxford University Press, London (1954),
pp.242

11. Koch HW., Motz J.W.: Bremsstrahlung cross-
section formulas and related data. Rev. Mod.
Phys. 31:920 (1959)

12. Desobry G.E., Boyer A.L.. Bremsstrahlung
review: An analysis of the Schiff spectrum.
Med. Phys. 18497 (1991)

13. Klevenhagen S.C.. Physics of Electron Beam
Therapy. Adam Hilger, England (1985), pp.37
14. Williams W.S.C.: Nuclear and Particle
Physics. Clarendon Press, Oxford (1991), pp.253
15. Jackson ].D.. Classical Electrodynamics 2nd
ed. John Wiley & Sons, New York (1975),

pp.663

16. Siemann R., Ash W., Berkelman K. et al:
Wide angle bremsstrahlung. Phys. Rev. Lett.



62 o, WY, 2LS, ZHT, AST: 10 Mevel HXMo) SAH EXol S50 MNHE FAM AHEY

22:421 (1969)

17. Fermmow R.C.. Introduction to Experimental
Particle Physics. Cambridge University Press,
New York (1986), pp.49

18. SLAC Report 265: The EGS4 Code System.
Stanford Linear Accelerator Center, (1985)

19. Attix F.H.. Introduction to Radiological
Physics and Radiation Dosimetry. John Wiley
& Sons, New York (1986), pp.572

20. Khan F.M.: The Physics of Radiation Therapy

2nd ed. Williams & Wilkins, Beltimore (1994),
pp.A20

21. Lee P.C.: Monte Carlo simulations of the dif-
ferential beam hardening effect of a flattening
filter on a therapeutic x-ray beam. Med. Phys.
24:1485 (1997)

22. Rogers D.W.O. Faddegon B.A., Ding G.X,
et al.: Beam: A Monte Carlo code to simulate
radiotherapy treatment units. Med. Phys. 22:503
(1995)

Calculation of Photon Spectra from
the Tungsten Target for 10 MeV Electron Beam

Jeong Ok Lee, Dong Hyeok Jeong,” Sun Rock Moon,”
Jeong Ku Kang,T Seung Kon Kim'

Department of Radiotechnology, Wonkwang Health Science College
*Department of Radiation Oncology, Wonkwang University, School of Medicine
TDepartment of Radiation Oncology, Presbyterian Medical Center

*Department of Physics, Chonbuk National university

In an effort to study the characteristics of x-rays utilized in radiation therapy, we calculated
the energy distribution and the mean energy of x-rays generated from a tungsten target
bombarded by 6, 10, and 15 MeV electron beams, using a Monte Carlo technique. The average
photon energies calculated as a function of the beam radius lied in 14 ~ 16, 21 ~ 25 and
28 ~ 33 MeV ranges for 4, 10, and 15 MV electron beams, respectively, which turned out to
have no strong dependence on the radius. Using the energy distributions of 6,10, and 15 MV
x-rays obtained for the target distance of 100 cm, percentage depth doses were determined
using Monte Carlo calculations. For the case 10 MV, a comparison was made between our
calculation and measurement performed by others. The calculated percentage depth dose
appeared somewhat smaller than the measured one except in the surface region. We conclude
that this is due to the fact that the beam hardening effect resulting from the flattening filter

was not properly allowed for in our Monte Carlo calculations.

Keyword: X-ray, Photon energy, Monte Carlo calculation
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