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BeseaneHune

MeTtoan MoHTe-Kapno asnaetrca Hanbonee TOYHbIM U
rMOKMM MeTo40oM A03MMETPUYECKNX PACYETOB B

ly4eBOU Tepanuu.

B noknage peyb o0 masomnssectHom Koge MC,
BOCMpoun3soaaLLeM PU3NKY Ae-daKTo CTaHAAPTHOrO B
ny4yeBon Tepanuun Koaa EGS4, HO He NOXOXero Ha
apyrme cuctembl U CO CBOMMM AOCTOUHCTBAMU U

HEeAJOCTAaTKaMMW.



O kone MC



http://rcwww.kek.jp/research/egs/epub/aap/js3nov98.html

EGS-Nova: An Adaptation of EGS in C/C++

Dear EGS4 Users,
Version 0.1.0 of Nova 1s now available at

ftp://stereo.medphysics.nemc.org/pub/Nova

There is also now a Nova website at URL

http://www.nemc.org/nova/

CcbliKa Ha canT Koga Nova.

HacToALwni cTaTyc NpoeKTa He N3BECTEH.

James C. Satterthwaite, Ph.D.
Department of Radiation Oncology
New England Medical Center #246
750 Washington Street

Boston, MA 02111

Voice: 617-636-0612

Fax: 617-636-7621

james.satterthwaite(@es.nemc.org

HenHouse Roosters
Last revised(3-Nov-1998 |
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Vrml Viewer

<vrmlfile>CyberKnife.wrl</vrmlfile>

<statfile>statistic.dat</statfile>
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XML pann onnucaHua reomeTpumn

<accelerator>

<!--Tungsten target-->

<module type="cylinder" name="Target" medium="W700ICRU" density="1">
<Color r="0" g="0.5" b="1" t="0.2" />
<position unit="cm" x="0" y="0" z="0" />
<normal x="@" y="@" z="1" />
<xaxis x="1" y="0" z="e" />
<size unit="cm" radius="1.0" height="0.2"/>

</module>

<module type="planefilter" name="Trap" medium="AIR700ICRU" density="1">
<Color r="0" g="0.5" b="0.5" t="0.8" />
<position unit="cm" x="0" y="0" z="0.2" />
<normal x="@" y="@" z="1" />
<xaxis x="1" y="@" z="e" />
</module>

</accelerator>

MpocTtenwnii pann reomeTpmn CUMyAALUM TOPMO3HOTO U3NY4EeHUs Nocae BONbPPamMoBOM MULLIEHN.
CueHa cocTouT U3 ABYX MoAyNel: UMINHAPA MULLEHW M NIOCKOCTM 3axXBaTa YacTuLl,.



XML pann onnucaHua 3agaun

<?xml version="1.0" encoding="utf-8"?>

<!--
Bremsstrahlung production by electron beam on the target.
-->
<input>
<simulation nhistories="100000" nbanches="10">
</simulation>
<options>
<vrmlfile>PlaneScore.wrl</vrmlfile>
<statfile>PlaneScore.dat</statfile>
<transCutoff_elec unit="MeV" ecat ="0.0"/>
</options>

<source name="Electron beam" module="Target" trackparticles="false">
<radiation type="electron" energy="6.0" />
<shape direction="conical" size="0.00" angle="0"/>
<position unit="cm" x="@" y="0" z="-1.0" />
<direction x="@" y="0" z="1" />
</source>

<score type="fluence plane" module="Trap" pt ="photon"/>

</input>

dain onncaHuA 3aga4M 3a4aeT KOIMYECTBO CUMYAALMIA, YKa3blBaeT Gpaiabl BbIBOAA Pe3yabTaToB, TUM U
napameTpbl UCTOYHUMKA, Kaccbl cbopa CTaTUCTUKN.



BeBoaHaa nekuua no koay MC
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Bepndunkauma TpaHCNopTa
3/1EKTPOHOB



9Kcnepwv\eHTaanb|e AdaHHbIE

OcCHOBHbI€e CTaTbU NO BepudpUKaLnum TpaHCNOPTa 3/IEKTPOHOB:

1. Ross, C. K.; McEwen, M. R.; McDonald, A. F.; Cojocaru, C. D.; Faddegon, B.
A. (2008): Measurement of multiple scattering of 13 and 20 MeV
electrons by thin foils. In Med. Phys. 35 (9), p. 4121. DOI:
10.1118/1.2968095.

2. Faddegon, Bruce A.; Kawrakow, Iwan; Kubyshin, Yuri; Perl, Joseph;
Sempau, Josep; Urban, Laszlo (2009): The accuracy of EGSnrc, Geant4
and PENELOPE Monte Carlo systems for the simulation of electron
scatter in external beam radiotherapy. In Phys. Med. Biol. 54 (20),
pp. 6151-6163. DOI: 10.1088/0031-9155/54/20/008.

3. Vilches, M.; Garcia-Pareja, S.; Guerrero, R.; Anguiano, M.; Lallena, A. M.
(2009): Multiple scattering of 13 and 20 MeV electrons by thin foils: A
Monte Carlo study with GEANT, Geant4, and PENELOPE. In Med. Phys.
36 (9), p. 3964. DOI: 10.1118/1.3183501.



YcnoBuA akcnepnmeHTa No pacceaHuto anektTpoHoB (Ross, 2008)

Cxema 3KCnepMMeHTaNIbHOM YCTaHOBKM

The accuracy of Monte Carlo systers for the simulation of electron scatter 6153
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. Scattering foil
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. Air

. Mylar bag

. Al ring

. Helium between

mylar,

10. Helium between
Al rings

11. Al ring

12. Mylar bag
13. Air

14. Scoring Plane

Figure 1. Experimental geometry, as simulated. Drawing is not to scale. Positions of the different
components are listed in table 1.

Table 1. Coraponents of the experimental geometry (figure 1). Position is the distance from the
front (evacuated side) of the exit window to the front of each component.

Thickness Position Density Conposition or
Component Material (cm) {cm) {gem—3) radius (cm)
1. Exit window Ti 000412 0 442 90% Ti, 6% &1, 4%V
2. &ir Air 2.64588 0.004 12 0.001206 7552% N, 23.18% O,
1.283% Ar, 0.0124% C
3. Scattering foil See table 2 t 2.65
4. &ir Air 235-¢ 2.65+¢ 0.001206
5. Monitor chamber Mylar 001127 5.0 140 H4GCs50,
6. Air Air 148623 5.01127 0.001206
7. Mylar bag Mylar 0.0025 6.4975 1.40
8. Aluminum ring Al 1.40 6.5 2.0 20.0-233 cm
9. Helium betweenmylar  He 1100 65 0000166  0-20cm
10. Helium between &1 He 1072 19 0.000 166 20-23.3 cra
11. Aluminum ring A1 1.40 1151 2.710 200-233cm
12. Mylar bag Mylar 0.0025 1165 1.40
13, &ir Air 1.6975 1165025 0.001206
14. Scoring plane N/A Nf& 1182 Nf&

feometpua cumynaumm MC

DNEeKTPOHHbINA NYYOK

Atrmocdepa
renus

PaananbHO CUMMETPUYHDBIN AEeTEeKTop

II.D. Detectors

Scattered electron distributions were measured with both
ionization chamber and diode detectors. The point of mea-
surement was taken to be at the center of the sensitive vol-
ume of the detector. Tonization chambers included an Exra-
din A16, a PTW 233642 and an Exradin A2. Diode detectors
included the electron (EFD) and stereotatic (SFD) diodes
manufactured by Scanditronix and the PTW 60012 electron
diode.

Measured values of .ranged from 1.5° to 8° with
a typical uncertainty of about 1%.



ObpaboTKa AaHHbIX

PacnpeneneHve notoka aHeprum nocne Gonbru
Cu, 86.4 ml[/cm2
9NEeKTPOHHOro nyyka 13 MaB

Ross

[MoTOK, OTH.ea.

(pacuert)

Yron, rpagycol

(akcnepumeHT)

MpeobpazoBaHue MayccmaHa B
JIMHEMNHYIO 3aBUCMMOCTb
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Naea 06paboTku 1 pacueTa yrnosoro pasbpoca B annpoKcMmauMm yrnoBbiX pacnpeaeneHuin rayccuaHamm u
NPUHATUE B KauecTBe NapameTpa yr/0Boro pacnpegeneHusa curma annpokcumauum



BocnpousseaeHue paccesHUsA 3NEeKTPOHOB MeHbiMU Gposibramm

INEeKTPOHHbIM Ny4oK 13 M3B
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CBoaHaA Tabnnua pesy/bTaToB BOCNPOU3BEAEH A
3KCNepMMeHTaNbHbIX AaHHbIX Ross (2008) kogom MC

Hawwn cumynauymn:

1 L N~ |

TonwmHa ponbru JKcnepumeHT, Pacuetr MC, A6conioTHoe OTHOCUTEeNnbHOEe
rpaa rpaa pasnunuue pasnunuune



CpaBHeHUe pacyeToB EGSnrc akcnepmeHTaIbHbIMU AAHHBIMMU
B OPUrMHANbHOM cTaTbe Ross

13 MeV 20 MeV
Thick. Meas. Calc. Dif. Meas Calc. Dif.
(mg/cm?) (deg) (deg) (%) (deg) (deg) (%)
Be 926 8.143 8.093 -0.6 5.238 5.259 0.4
C 546 7.933 7.600 —-42 5.132 4.975 -3.1
Al 70.1 4.003 3.956 -1.2 2.653 2.606 -1.8
140 5.268 5.217 -1.0 3.484 3.434 —14
274 — — — 4777 4.699 -1.6
414 — — — 5.865 5.797 -1.2
Ti alloy 18.21 2.380 2.295 -3.6 1.550 1.510 —2.6
36.4 3.103 3.016 -2.8 2.032 1.983 24
54.6 3.712 3.621 =25 2.452 2.389 -2.5
72.8 4.261 4177 2.0 2.808 2.747 2.2
91.0 4771 4.668 2.2 3.140 3.071 2.2
Cu 43.0 4219 4.166 -1.3 2.790 2.742 -1.7
86.4 5.630 5.579 -0.9 3714 3.669 -1.2
129.6 6.861 6.752 -1.6 4.493 4.440 -1.2
174.5 7.956 7.829 -1.6 5.198 5.143 —1.1
Ta 443 5.558 5.463 -1.7 — — —
206.3 — — — 7913 7.836 -1.0
Au 31.2 4.878 4.789 -1.8 — — —
54.8 6.329 6.170 =25 4.127 4.062 -1.6
93.7 8.243 8.029 -2.6 — — —
109.5 — — — 5.881 5.781 -1.7
164.2 — — — 7.278 7.143 -1.9
219 — — — 8.566 8.373 23

4123 Ross et al.: Electron multiple scattering
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FiG. 2. Electron beam profiles measured using radiochromic film. The left-
hand panels show the distribution measured at the standard beam exit win-
dow, while those on the right give the profiles after the beam has drifted in
vacuum an additional 1 m. The intervals between contours are equal but
only a few are labeled. The contours are labeled according to the absorbance
measured at 605 nm.



BocnpounsseaeHume yrnosbix pasdbpocos
(Mo OTHOLLEHUIO K OLEeHKaM TaKOBbIX B OpUTMHaNbHOM cTaTbe Ross)

CpeaHee OTK/IOHEeHMe (cMcTemaTMUeCKUi CABUT) COKpPATUNOCh ¢ nopagka 0.45 o 0.1 rpapycos

MC 13 MeV 20 MeV

| Thick.|EGS dens. Thick. Meas. Calc. Dif. Dif. Meas. Calc. Dif. Dif.
(mg/em”2)| (g/cm”3) (cm) (deg) (deg) (deg) (%) (deg) (deg) (deg) (%)
Be 926 1.85 0.5005 8.143 8.61 0.47 5.7% 5.238 5.60 0.37 7.0%
C 546 2.26 0.2416 7.933 8.04 0.11 1.3% 5.132 5.27 0.13 2.6%
Al 70.1 2.702 0.0259 4.003 3.66 -0.35 -8.6% 2.653 2.42 -0.23 -8.8%
140 2.702 0.0518 5.268 5.25 -0.02 -0.4% 3.484 3.46 -0.02 -0.7%
274 2.702 0.1014 4,777 4,96 0.18 3.8%
Cu 43 8.9333 0.004813 4,219 3.89 -0.33 -7.7% 2.790 2.57 -0.22 -7.8%
86.4 8.9333 0.009672 5.630 5.64 0.01 0.1% 3.714 3.71 0.00 -0.1%
129.6 8.9333 0.014508 6.861 7.02 0.16 2.4% 4,493 4.63 0.14 3.1%
174.5 8.9333 0.019534 7.956 8.29 0.33 4.2% 5.198 5.46 0.26 5.0%

Ta 44.3 16.6 0.00267 5.558 5.48 -0.08 -1.4%
206.3 16.6 0.01243 7.913 8.57 0.66 8.3%

Au 31.2 19.32 0.00161 4.878 4.64 -0.24 -4.8%
54.8 19.32 0.00284 6.329 6.36 0.03 0.5% 4,127 4.18 0.05 1.2%

93.7 19.32 0.00485 8.243 8.65 0.40 4.9%
164.2 19.32 0.00850 I I \\ '\‘ 7.278 7.77 0.49 6.8%

TonwmHa ponbru JKCcnepumeHT, Pacuetr MC, Ab6contoTHoe OTHOCUTenbHOE

rpag rpag pa3nuume pasnuuue



BepndumKaLma TOPMO3HOro
N3NY4EHUS



aKCI'IepI/IIV\EHTa/'IbeIe AdaHHbIE

OCHOBHasA 3KcnepumeHTaNbHaA BepudPpUuKauma U cpaBHEHUE C
HeW pas/INUYHbIX KOAOB coaepKutca B paborax Faddegon:

1. Faddegon, Bruce A. (1990): Forward-directed bremsstrahlung of 10- to
30-MeV electrons incident on thick targets of Al and Pb. In Med. Phys.
17 (5), p. 773. DOI: 10.1118/1.596560.

2. Faddegon, Bruce A. (1991): Angular distribution of bremsstrahlung from
15-MeV electrons incident on thick targets of Be, Al, and Pb. In Med.
Phys. 18 (4), p. 727. DOI: 10.1118/1.596667.

3. Nagy A. M. Electron/Photon Verification Calculations Using MSNP4B,
Los Alamos National Laboratory LA-13440, 1999.

4. Faddegon, Bruce A.; Asai, Makoto; Perl, Joseph; Ross, Carl; Sempau,
Josep; Tinslay, Jane; Salvat, Francesc (2008): Benchmarking of Monte
Carlo simulation of bremsstrahlung from thick targets at radiotherapy
energies. In Med. Phys. 35 (10), p. 4308. DOI: 10.1118/1.2975150.



Moyemy Bepndpunkauma no metrogmke MCNP ?

Electron/Photon Verification Calculations
Using MCNP4B

Los Alamos

NATIONAL

LABORATORY

Los Alamos National Laboratory is operated by the University of California
for the United States Department of Energy under contract W-7405-ENG-36.

Nagy A. M. Electron/Photon Verification
Calculations Using MSNP4B, Los Alamos
National Laboratory LA-13440, 1999.

TABLE I: INTEGRATED BREMSSTRAHLUNG YIELD VS ANGLE FOR PB

Angle ggl Detf:tor Faddegon
0 2.640E+00(2.0)" 2.79TE+00(0.3) | 2.92E+00(5.0)
1 2.463E+00(0.8) 2.667E+00(0.3) | 2.80E+00(5.0)
2 | 2255E400(0.6) | 2-380E+00(0.3) | 2.48E+00(5.0)
4 | 1.835E+00(0.4) | 1.883E+00(0.3) | 1.99E+00(5.0)
10 1.122E+00(0.4) 1.125E+00(0.3) 1.2E+00(5.0)
30 4.338B-01(0.4) 4.310E-01(0.5) 4.47B-01(5.0)
60 | 1.444E-01(0.5) | 1-434E-01(0.5) | 1.29E-01(5.0)
90 6.029E-02(0.7) | 5-860E-02(0.7) | 5.19E-02(7.0}
*read as 2.640x10° with 2.0% error

The differential bremsstrahlung yield

The integrated bremsstrahlung yield
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Fi1G. 5. Comparison of measured (solid line) and calculated (dashed line)
bremsstrahlung spectra for four cases: (a) 10- and 30-MeV electrons on Al
targets, and (b) 10- and 30-MeV electrons on Pb targets. The comparisons
are absolute. The histograms plotted are the bounds of the 68% confidence
intervals. The uncertainty in the beam current measurement was no? includ-
ed in the uncertainty of the measured spectra.
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AokymeHT MCNP

a) npepnaraet YeTKyl0 METOAUKY BepudpuKaumm,

b) copepxut B uMPpoBOM BUAE AaHHbIE KaK COBCTBEHHbIX
pacyeToB, TaK U IKCNepuMeHTaNbHble gaHHble Faddegon,
HeA0CTyNHbIe B OPUTMHANIbHOM CTaTbe.



Cxema 3KcnepumeHTa no USMepPeHUIo 1 PpacyeTy TOPMO3HOTO U3/TyYyeHUsn

1

180°

90°

L

e.c‘

Beam energy was
revised with improved accuracy of 0.5%

JKCNepMUMEHT COAEPKUT BCe NHTepecyLmue MuieHb IaotHocTs (r/emM”2) | Toamuna (em) | Paguyc (cm)

AaHHbIE MO BbIXOAY TOPMO3HOIo U3NyYeHuUs B BE7001CRU 9,01 1,29E+00 7,46E-01
abcontoTHbIX eguHmuax ! AL700ICRU 2,70 3,60E+00 3,63E+00

PB700ICRU 11,34 8,05E-01 1,58E+00




BocnpounsseaeHune yrnoBbiX pacnpeaeneHnit TOpMO3HOro U31yYeHUs
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CpeaHAA sHeprua B 3aBUCUMOCTU OT HaNpPaBAEHUA U3/TyYEeHUA
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BocnpoussegeHue CNeKkTpoB TOPMO3HOIO U3NYyYeHUs
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Bananue XdPaAKTEPUCTUK SNTEKTPOHHOTO MNMYy4YKa Ha
MULLEHM Ha CBOMCTBA A030BbIX pacnpeﬂ,eneHMF/'l
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Bocnpown3sseaeHue rnybuHHbIX 4030BbIX pacnpeaeneHum
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HpOGKT pa,ﬂlMaLLMOHHOVI 3allnTbl U KOANNNMaUNN YCKOPUTENA
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N3nyueHune 6X,
CeTKa 2 MM




3aKka4veHumne

MC / EGS4 kopa, noKa3aa BbICOKYHO TOYHOCTb
BOCNPOM3BeAeHMNA SKCNePUMEHTANIbHbIX AAaHHbIX MO
TOPMO3HOMY U3/Iy4EHUIO B ANANA30HE SHEPrnm
/ly4eBOU Tepanuu

MC / EGS4 no TOYHOCTU CONOCTaBUM C
COBPEMEHHbIMU LUMPOKO PaCNPOCTPAHEHHbIMU
Koaamun MoHTe-Kapno

MC / EGS4 pekomeHayeTca ANA UCNO/Ib30BaHMA B
ob6n1actTn GU3nNKM ny4eBoun Tepanmnm n B y4ebHbIX LLensx



