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Abstract:

In this research, the changes of cross section vs. angle was studied for
different energies protons [50 to 231 MeV]in case of liver equivalent
tissue using MCNP code, then we calculated the dose as a function of the
cross-section at 231 MeV in terms of the different angles(-90...... +90)
and calculated the dose as a function of the cross-section at angle 0 in
terms of different energies.

Results: from study we found that the minimum value was at 0 angle ,
which about 1 x 103 barn, and the maximum value was at two sides
(-80, +80), which about 3 x 103 barn,In addition we found that the
maximum dose value at 231 MeV was at the angle 0 and the
maximum dose value at angle 0 was at 50 MeV of protons .
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MCNP 358l aladinl 4alda cilla sie Ayl AV jhas O gign JS duguia BBLY Clighg ull Sad iyl (7)J<&
tdada ) adalial) Ay dojadl il
0 2\:5\)3\ die g dalidall Ulgyll AV 231MeV A8lall die dica jal) tLLEAJ\ ANV de jall 48 (7,8) cdgaad) cpw
LAabiaal) cEdall Ay s,
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148Ual) dad il e ARLAL) LigHl) die duzapll adaliall Y8 231Mev A8Uall ALliall dsjal) dasd (6) Jgaad)

6 Ly A A adadal) ol alaiall il il
- Y [em™ 6 [barn]SugSa)  (Mev/g)/proton  (Gy)/proton
-90 3.40E+02 3.39E+03 1.01E-03 1.62E-13
-80 3.40E+02 3.39E+03 2.67E-04 4.27E-14
-70 2.98E+02 2.97E+03 6.81E-03 1.09E-12
-60 3.00E+02 2.99E+03 1.12E-02 1.8E-12
-50 2.84E+02 2.84E+03 1.14E-02 1.83E-12
-40 2.58E+02 2.57E+03 2.67E-02 4.27E-12
-30 1.91E+02 1.90E+03 4.68E-01 7.5E-11
-20 1.32E+02 1.32E+03 8.81E+00 1.41E-09
-10 9.41E+01 9.38E+02 5.98E+01 9.58E-09
0 8.09E+01 8.07E+02 1.16E+02 1.85E-08
10 9.42E+01 9.39E+02 5.95E+01 9.53E-09
20 1.32E+02 1.32E+03 8.82E+00 1.41E-09
30 1.89E+02 1.89E+03 5.15E-01 8.25E-11
40 2.56E+02 2.55E+03 2.90E-02 4.64E-12
50 3.02E+02 3.02E+03 1.66E-02 2.66E-12
60 3.04E+02 3.03E+03 1.11E-02 1.77E-12
70 3.08E+02 3.07E+03 2.06E-02 3.3E-12
80 3.12E+02 3.11E+03 1.10E-02 1.77E-12
90 3.40E+02 3.39E+03 9.44E-03 1.51E-12
10 Aughl ie dudajal) adalial) AY .y Adlidal) cilBlall ALlial) dsjal) Laid (7) Jgaadl
N AU ey | R A ie ie s ) gial
(MeV) 42l T g (i sS g Ssal :
Y [em s [barn] (Mev/g)/proton = (Gy)/proton = (barn)[6] s s sSall
50 8.09E+01 8.07E+02 3.59E+02 5.76E-08 1.00E+05
75 8.09E+01 8.07E+02 2.59E+02 4.14E-08
100 8.09E+01 8.07E+02 2.15E+02 3.45E-08 1.50E+06
125 8.09E+01 8.07E+02 1.80E+02 2.89E-08
150 8.09E+01 8.07E+02 1.61E+02 2.57E-08
175 8.09E+01 8.07E+02 1.37E+02 2.19E-08
200 8.09E+01 8.07E+02 1.29E+02 2.06E-08
231 8.09E+01 8.07E+02 1.01E+03 1.62E-13 1.00E+06
: 231MeV &l vie Zoghll ANV dejall s (8) JS&
231 [MeV]
K 1
123
% 8
S
I35
*3 i) $9100-90-80-70-60-50-40-30-20-10 0 10 20 30 40 50 60 70 80 90 100
:.;’, 1 (degree) 49 i
=

231MeV ddlal) sie dyghll AV de ) s (8)J<ad
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:0 gl e ALY A dejal) s (9)JSAN
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O & gaia 45130 AN dualiaal) 4o o)
[Gy/Proton] 2aly

0 dighl) sie 4BUall AV Ao jal) cpis (9)JSid)
gl dddla -
1x G dai 0 dghll die (anm dad dllay Jolill impall alaiall of 22Dl (6)JSally (23,4,5) Jslaad) (e
] .3 X 10° barn b dad 3l (-80, +80 Us)l) ol s ) iVl Loy s L 10° barn
S dsgusia 5300 iligig ) 80d s Jia S ¢(7) IS g pusddl e Al Aajall Jigpu€e Cila o aaias clly
by bl (0 gyl ALeY1 olatls duadic] (65 Cangll e 83U cligigll caliall 838 of 225 jaean (g
ol adlal) LgUal Tyks Tjaaal (6 Cangl Bl e L) slaily 5380 ligig ) el Il ¢ jleadly cnad) sad ol
3 Lae) LS o(@ligig ) il po Lo aulmy Jelill gl adadl oY) (S Lo B delill i pel) alaall
Bale go lglelin Jlain) ooy b gl (alesy Tk Ty (il 830 cligi ) ae of asi Sleally Cpad
(Jelill  aajal) alaiall sy (gl Cangl
OsS5 ligigyll Bad o Gam 0 Ayl de i€ 231MeV dhl die dcjall dad el o) 2l (6) Jsaad) (e
calS 0 Al die deyall dad el o (7) saad) (e LaaDli LS cluglill o3 die di€an dojn ST Al g dualic
Sl Caagl) ale pe Ll Jlain) IS daiiiie clighg yll il culS WS Gum gy ll 50 MeV 4l xic
sl e ladiel il [2A] [5], curapall b 8sdiall ml ae ol Ailhe Cipn il A e gl Cargg
S LS agild aua 230MeV ddlhs ligigy ce salgiall sl dejnll Gleal MCNPX,MCNPX-2,3,0
(8)dsan)l b LS Arline i) Sy ) preal] Sl
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Yokl Lag () L9 LY

ooyl ANy AUl Biia cligig ) Jelial Audagel) adaliall apanig Ly

[2A] pasall A dsjall pf pa dalide il die Gl A lgall Likagi A dejal) ad (o A5la (8) Jgaall cum

(0) @i
(MeV) sl (Mev/g)/proton e all iesall % o) Uadl)
(Mev/g)/proton[2,A]
50 3.59E+02 1.30E+02 0.01%
75 2.59E+02 1.63E+02 0.02%
100 2.15E+02 1.00E+02 0.03%
125 1.80E+02 1.07E+02 0.04%
231 1.01E+03 8.50E+03 0.11%
—o—all da =5 @ Ref [2A]

c 1.00E+04 B

o

o
S~

25 1.00E+02 u =

3

S 1.00E+01
g 1.00E+00 . . . . .
j) 0 50 100 150 200 250
“{5 E (MeV)

(2,A) sl b dsally cad 1ia b Liguaad) dsjad) ¢ 43l ( 10) i
(50-130, 235 MeV) &Uall <l duigig ul ajall

il [6] pmpall o smsall asill o Lol Uliags Al ol 4 lhey i Apmpall alaliall o daaa (0 (3l
Ol SIS 3 Tagnyal) Jag pall (AL Anih Spskn AN dgng e dujliie pikl
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15 ¢ 14



Vi .99 Gl .39 LY ceedaghl) ANy A8 §pate cligig ) Je Ul dua ) adaliall saady A

References:

[1] James E. Martin: A Handbook. Physics for Radiation Protection , ISBN: 3-527- 40611-5.
(2006).

[2] Yannick Alexander Broese van Groenou,Monte Carlo simulation of neutron doses from pencil
beam scanning proton therapy, Master thesis in medical physics and technology, Department of
physics and technology- Bergensis universitas (June 2017).

[3] WALTER D. LOVELAND, DAVID J. MORRISSEY, GLENN T. SEABORG MODERN
NUCLEAR CHEMISTRY. A JOHN WILEY & SONS, INC., PUBLICATION, ISBN-13 978-
0-471-11532-8 (2006).

[4] X-5 Monte Carlo Team: MCNP — A General Monte Carlo N-Particle Transport Code, Version
5; Los Alamos National Laboratory Controlled Publication (April 24, 2003).

[5] USING MCNPX TO CALCULATE PRIMARY AND SECONDARY DOSEIN PROTON
THERAPY By Jeffrey M.Ryckman In Partial Fulfillment Of theRequirements for the Degree
Master of Science in Medical Physics Georgialnstitute of Technology May,2011.

[6] Slawosz Uznanski, Benjamin Todd, Andrea Vilar Villanueva CERN, Geneva, Switzerland
Ruben Garcia Alia, Ewart Blackmore, Markus Brugger, Remi Gaillard, Julien Mekki, Michael
Trinczek Member, IEEE. The Effect of Proton Energy on SEU Cross-Section of a 16Mbit TFT
PMOS SRAM with DRAM Capacitors. January, 2015.

:Z\...a:ud\ 2l

dndal) alidd) Glely dacledy) LG ieale opledYly 52l o Jolaadl a0 clyalae 158N clay Lo [1 A]
(2011) (3des dmalaaslell A0S cLsudll and < Lgials

gell (A agulh e Clighg s dallaall 8 dugisally dg il dejall juady sl Clea 1l Baale .0 [2 A]
MCNPX-2.3.0 258ll5 d8lall 5yiia 42539 i Jleatialy sl

15 e 15



