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(b) Incoherent (Compton)
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hv
coon=FfEZ)  Atomic Fine. ~Z
sin(6/2) = nA/(2d) Crystal hv’ = hvi(1 + (hvimc?) (1—cos(d)))
(c) Photoelectric (d) Pair production
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hv | 511 keV
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HH
511 MeV
opg~ZH5IE32 opp. ~ZHES (hv >1.02MeV)
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Threshold Half-Lifeof Main Radiation Emitted
Element  Symbol Reaction  Energy (MeV)  Product and Its Energy (MeV)
Aluminum Al TAl(n, yEAl -F 23 min f-(2.85), y(1.78)
TAlin, pPMe 19 9.46 min f-(1.75), y(0.84, 1.013)
TAln, a*Na 327 15h B-(1389), (1369, 2.754)
Arsenic As  TAs(n, #%As =) 264h f-(2.97), y(0.559)
TAs(n, af'CGa -) 141h f-(3.15), y(0.835)
TAs(n, InjMAs 8.27 179d f-(3.15), y (0.835)
Cadmium Cd 1Cd(n, pmCd -) 48.6 min e, }'I{D.l'tl-?}
MCd (i, p)imAg 212 254 7 (0.658)
Calcium Ca Ca(n, #*Ca -) 8.8 min y(3.07), B(1.93)
Chlorine Cl TCln, 1Cl - 37.2 min B (4.91), y (L6, 2.17)
“iClin, py"s 36 5 min B, y(3.09)
Copper Cu  &#Cufn, 2nj2Cu 1.m 9.76 min y (0511)
Fluorine F 5F{n, o)eN 157 7155 yi6.13)
Cold Au T Au(n, HFAu -} 27d f-(0.962), y(0.412)
17 A, 2n)*Au 736 618d B, v (0.356)
lodine I (1, 2] =) 25 min B-(2.12), y (0.441)
Iron Fe #Fe(n, 1"Fe - 455d Ay (1.095,1.292)
*Fe(n, p)*Mn 298 257d -, v (0.847)
Lead Pb  ZEPh(y, 2n)/Fmph 745 08855 y(0570)
Mercury Hg  ®Hg(n, 2nj®=Hg 811 43 min yi0.158)
%Hg(n, " Hg - 65h ¥ (0.077)
MHg(n, y*Hg - 465d ¥ (0.279)
Nickel Ni =N(n, 2n"Ni 12.09 J6h g, y(0.511,1.37)
Nitrogen N N, 2n) N 11.31 10 min y(0511)
Onovgen Q E0(n, p)*N 10.2 7.1s ¥ (6.13)
Phosphorus P HP(n, a)BAl 2 23 min By (178)
Potassium K TR (n, 20K 1341 7.7 min y(0511,2.17)
Silicon Si BE5ifn, peal 399 23 min yi1.78)
Silver Ag  ™Ap(n, 5"Ag = Us y (0.66)

a (-} =No threshold.
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2 Prompt Gamma Neutron Activation
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! Thermal Neutron Activation Analysis
2 Epithermal Neutron Activation Analysis
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TNT C6H2(NO2)3CH3 1.65 H (0.238095), C (0.333333), N (0.142857),
O (0.285714)

PETN C5H8N4012 1.77 H (0.275862), C (0.172414), N (0.137931),
0 (0.413793)

RDX C3H6N606 1.82 H (0.285714), C (0.142857), N (0.285714),
O (0.285714)

HMX C4H8NBO8 1.89 H (0.285714), C (0.142857), N (0.285714),
O (0.285714)

NG C3H5N309 1.60 H (0.250000), C (0.150000), N (0.150000),
O (0.450000)

EGDN C2H4N206 1.49 H (0.285714), C (0.142857), N (0.142857),
O (0.428571)
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mfp | MCNPX | MCNPX | Chibani Shimizu ANSI Relative difference
simple | detailed (2001) (2004) (1991) %
physics | physics detailed simple simple |B — A|
(A) (B) physics physics | physics { 1 = 100}
[89] [95] [96]
1 2.05 2.05 2.09 2.08 2.08 0
2 3.61 3.61 3.62 3.63 3.62 0
3 5.52 5.51 - 5.53 5.50 0.18
4 7.73 7.70 - 7.72 7.68 0.39
5 10.2 10.2 10.0 10.2 10.1 0
6 12.9 12.9 - 12.9 12.8 0
7 15.9 15.9 - 15.9 15.8 0
8 19.2 19.1 - 19.1 19.0 0.52
10 26.4 26.3 26.3 26.2 26.1 0.38
15 48.3 48.2 - 47.6 47.7 0.21
20 74.1 73.9 76.4 73.6 74 0.27
D¥TIMeV (6551 5 ganir sl 4 9 0T (61 7595 1 bl cl o F-Y Jgor
mfp | MCNPX | MCNPX Chibani Shimizu ANSI Relative difference
simple | detailed (2001) (2004) (1991) %
physics | physics detailed simple simple |B — A|
(A) (B) physics physics physics { A X 100}
[89] [95] [96]
1 1.83 1.84 1.87 1.88 1.85 0.55
2 2.84 2.87 2.89 2.89 2.85 1.1
3 4.00 4.06 - 4.05 4.00 1.5
4 5.32 5.42 - 5.35 5.30 1.9
5 6.79 6.94 6.94 6.80 6.74 2.2
6 8.39 8.62 - 8.38 8.31 2.7
7 10.1 10.4 - 10.1 10.0 3
8 11.9 12.4 - 11.9 11.8 4.2
10 16.0 16.8 16.9 15.9 15.8 5
15 28.0 30.0 - 27.5 27.5 7.1
20 42.2 46.3 46.4 41.1 41.3 9.7
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mfp | MCNPX | MCNPX | Chibani Shimizu ANSI Relative difference
simple | detailed (2001) (2004) (1991) %
physics | physics detailed simple simple |B — A|
(A) (B) physics physics | physics { X 100}
[89] [95] [96]

1 1.35 1.39 1.42 1.37 1.38 3

2 1.64 1.76 1.79 1.67 1.68 7.3

3 1.92 2.12 - 1.95 1.95 10.4

4 2.17 2.49 - 2.20 2.19 14.7

5 2.41 2.86 2.91 2.44 2.43 18.7

6 2.65 3.24 - 2.67 2.66 22.3

7 2.87 3.64 - 2.90 2.89 26.8

8 3.09 4.05 - 3.11 3.10 31.1

10 3.50 4.92 5.07 3.52 3,51 40.6

15 4.46 7.42 - 4.45 4.45 66.4

20 5.35 10.5 10.9 5.29 5.27 96.3
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[e¥] ©T yo MeV

mfp Cobalt-60" | Cobalt-60™ 1.173 1.25 1.332
MeV MeV MeV

1 2.01 1.97 1.96 1.99 1.93
2 3.39 3.31 3.36 3.33 3.22
3 5.00 4.85 5.00 4.90 4.70
4 6.78 6.56 6.85 6.65 6.33
5 8.73 8.43 8.90 8.58 8.12
6 10.8 10.4 11.1 10.7 10.0
7 13.1 12.6 13.5 12.9 12.1
8 154 14.9 16.1 15.3 14.3
10 20.5 19.7 21.7 20.4 19.0
15 34.6 33.4 38.1 35.4 32.3
20 50.3 48.0 57.9 52.9 47.7

1.332 41.25 MeV 1.173 MeV 5§yl G gbraniiz 9 C0-60 glp 6558 caitlil culpd F-0 Jouo
1e¥] ol yo MeV

mfp Cobalt-60" | Cobalt-60™ 1.173 1.25 1.332
MeV MeV MeV

1 1.81 1.79 1.77 1.80 1.76
2 2.79 2.73 2.73 2.75 2.69
3 3.91 3.80 3.84 3.84 3.74
4 5.15 5.00 5.09 5.05 4.90
5 6.50 6.30 6.46 6.39 6.17
6 7.97 7.71 7.96 7.83 7.55
7 9.53 9.21 9.57 9.38 9.02
8 11.2 10.8 11.3 11.0 10.6
10 14.7 14.2 15.0 14.6 13.9
15 24.9 24.0 26.1 25.1 23.6
20 36.6 35.3 39.7 37.4 35.0
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1.332 §1.25 MeV (1173 MeV (g5 5! <5 sboaainz 3 CO-60 (gl 6 pmS'si y1 cobrlil ol ps F-F Jgo

[\’Y] &g yo MeV

mfp Cobalt-60" | Cobalt-60™ 1.173 1.25 1.332
MeV MeV MeV

1 1.45 1.44 1.40 1.42 1.43

2 1.86 1.83 1.79 1.82 1.83

3 2.26 2.22 2.16 2.21 2.23

4 2.67 2.61 2.55 2.61 2.63

5 3.09 3.01 2.93 3.02 3.05

6 3.52 3.42 3.33 3.43 3.47

7 3.96 3.85 3.74 3.86 3.90

8 441 4.28 4.16 4.30 4.35

10 5.37 5.19 5.05 5.23 5.30
15 8.06 7.75 7.56 7.86 7.97
20 11.3 10.8 10.6 11.0 11.2

Sade lhls 0gd oo drwlne MCNP S gy a5 gloauSTub (Lo g S L oS alil asils asgs
2,5 blod cuanlil el po (a0 55 sllas a5 canl p3¥ cpl ol o oiiws 5 o] slas oasin
S laloee plos jo aldl 5,5 colaiwl F-0 galal) das el galal, 5l g oo Uas ) (gamlxe sl
b se wollae gllaz a5 sl oo Sl meS 4l jlal gl ol onls plol fuad (] o oS
Slp ey 689 n cildl ol o samule SUles MCNP oS oS ol lis 18 oluwle o
Luly, ololp o5 Gl 5 Ol oo cnl b )0 LS (65,3l iz b plodeiar sl o2 5 6551 SO oot
2,5 oolatwl jo diwgn b b gledeis olp caildl colps galxe glp F-17 5 F-10 £
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90 6551 b lagyg S 51 (295 33 0595 39 (6151 A (PSS (Gouh diuty Bud 3l ooy ZHl5 (G0, b b F-Y S

[vee] & 45 10MeV

OFSE andlaS e 955, X slags 5l sy (aeb L o5l o alaxdle F-F JS4 0 a5 jshailan

5 6, a8 blas galilue aSLl 6l ol ol 0g cas a8 T Loy 0 g slacads ol cunlil Col s
oS dolne |y abgy o Ll culpo Jol B sl 5l oS o | atsgy (6551 b b bagiyy (ol 2l
P S el 5l (00 6255 n cilil cal o arule lp TV galal, 1L I (nl 6l a5
A 5 ¥V elaJsar 5,8 alimde ¥-A 5 ¥V cla Jouz 50 e ce |, Slslms ol gl o0 ,5 eolicul
5 o il gdiwgn ciud slil 4 F-V Jga Ll wiloas awlne 10 MIP Gae b Ol gl g0 ,o F
adlasloas awlrs F-Y IS wlul p 10 MEV (550,50 ol sdimsn b l5l 4 F-A Jgum g MeV
10MeV 55 55 S5 slahais gbvasiar 5| L50 $505 b ulpo be Slaslre (i jliel (lge @
Gk Lo Sl o5 puols i $-A 5 £V glo Jgaz 10 g 020,5 duwle MCNP 05 ol 5 1,
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19 MeV labhii ganins g F-F JSCh 5 MeV saiwan b 5l i (6585 p cblil ol F-V Jguo

Dee] T
mfp | Be-continuous- | Be-mono-this | Be-mono- | Be-mono- | Be-mono- | A/B
this work (A) work (B) ref [95] ref [96] ref [104]
1 3.38£0.0003 | 1.58 +0.0004 1.6 1.56 1.57 2.14
2 4.57 +£0.0006 | 2.12 +0.0006 2.14 2.08 2.10 2.16
3 5.23 £ 0.001 2.64 £ 0.0009 2.67 2.58 2.62 1.98
4 5.79 £ 0.002 3.16 £ 0.001 3.18 3.08 3.12 1.83
5 6.35 £ 0.002 3.68 £ 0.002 3.7 3.58 3.63 1.73
6 6.9 £ 0.003 4.19 + 0.002 4.21 4.08 4.14 1.65
7 7.44 £ 0.005 4.70 + 0.002 4.71 4.58 4.64 1.58
8 7.96 £+ 0.006 5.21 £ 0.003 5.22 5.07 5.14 1.53
10 9.01+0.01 6.28 £ 0.02 6.22 6.05 6.14 1.43

10MeV lakaii saoiz ¢ F-Y i 10 MeV gaiwgn b 51 b (6 8o clblil el s F-A Jgo

Dee] T o
mfp | Be-continuous- | Be-mono-this | Be-mono- | Be-mono- | Be-mono- | A/B
this work (A) work (B) ref [95] ref [96] ref [104]
1 2.66 £0.0002 | 1.42 +0.0006 1.44 1.37 1.38 1.87
2 3.14 £0.0004 | 1.76 +0.0009 1.78 1.68 1.70 1.78
3 3.48 + 0.0007 2.07 £0.001 2.1 1.97 2.00 1.68
4 3.81 +0.001 2.38 £ 0.002 2.41 2.25 2.29 1.6
5 4.13 £ 0.002 2.68 £+ 0.002 2.71 2.53 2.57 1.54
6 4.44 +0.002 2.98 + 0.003 3.01 2.80 2.85 1.49
7 4.74 £ 0.003 3.27 £0.003 3.3 3.07 3.13 1.45
8 5.05 + 0.004 3.56 + 0.004 3.59 3.34 3.40 1.42
10 5.62 + 0.007 4.11+£0.01 4.15 3.86 3.94 1.38

ol age cinb 5 3l cldl alyd ol et FoA 5 TV cla Jsor mls 5l a5 jshailes

Gl 4 355 oo Cecly Alins pad 45 W (651 5 gdndr 5| 86 Cblil gl b (6 peSatr
E5o50 oyl Camdl (plply el Oglae glahd sanis glp bla> culrs b aingy b ol bla>

el adeio MlS s oo jlid 0ex 5l il
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S 1, IMEV (o5l aniin b gy saiged b G Lo 0gd e g Sl ol aSil sl
S35 8y Cblil ol o il pl (gl g 085 (a0 (15798 (sania Gloie 4 l) el ¥-F SO ol
3 el S g il colpo (bl e lael flgie 4 oren ailoads 00)5] AR I AR

...\.S)Lb u‘)in} )15 L’ L5’5'> 5,«...'44 5 C.’Lu aS ol 0ol OL“"" 9 KW ML’?LA 1MeV LS))"‘ S5 9 Lg‘d.b.o.a ‘SM

0.10

0.05 -

Photon Yield

0.00

0.0 0.5 1.0
Photon Energy (MeV)

DAL MeV (5551 diaiion b (o0 Jlo ) dwguy digud (555! b Sy F-F S

AR



SG saolery 6595y Cbilisl ol o Lol o F-F IS b (bl o (6 895y cilil ol o F-1 Jouor

D] ST ;01 MeV 65,0

mfp | Be-continuous-this work | Be-mono-this work Ref [95] Ref [96]
1 2.85 2.06 2.08 2.08
2 5.49 3.62 3.63 3.62
3 8.55 5.53 5.53 5.50
4 11.90 7.74 7.72 7.68
5 15.47 10.21 10.2 10.1
6 19.28 12.95 12.9 12.8
7 23.31 15.95 15.9 15.8
8 27.56 19.21 19.1 19.0
10 36.74 26.47 26.2 26.1

S a5 9y ol o Lol pod F-F IS b (bl 2 (5 059 1y Colilil o F-)0 Jou

D] ol o1 MeV 65,

mfp Be-continuous-this work Be-mono-this work Ref [95] | Ref [96]
1 2.18 1.86 1.88 1.85
2 3.51 2.85 2.89 2.85
3 5.03 4.01 4.05 4.00
4 6.74 5.31 5.35 5.30
5 8.63 6.76 6.80 6.74
6 10.66 8.36 8.38 8.31
7 12.90 10.06 10.1 10.0
8 15.25 11.85 11.9 11.8
10 20.43 15.75 15.9 15.8

S a5 9y Sl cul o Lol pod F-F S G (ol 6 0595 5 bl ol o F-1Y Jouo

D] O w0 1 MeV 65,5l

mfp | Be-continuous-this work | Be-mono-this work Ref [95] Ref [96]
1 1.48 1.37 1.37 1.38
2 1.87 1.67 1.67 1.68
3 2.25 1.95 1.95 1.95
4 2.64 2.20 2.20 2.19
5 3.03 2.43 2.44 2.43
6 3.43 2.66 2.67 2.66
7 3.85 2.88 2.90 2.89
8 4.29 3.08 3.11 3.10
10 5.21 3.48 3.52 3.51
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For monoenergetic t
5 4 For continuous energy
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Dl e Joue il O w10 1 MeV (655l ST ganiin g diwguy b oo (6388 1 Cailil ol o F-Y IS0

51 o5b il gl s (6 eSotiz OS] el aseiis TV 5 F-F P sla IS 5 a5 jslailen
2 G S8 b alple o) de2s (6551 ST Ganir oL gy 55 b b asiar S
ol plowl agy 65, b b plbasio hlie o LIS slagi y Lli> sl
il po peolyt oo Jlo Canlodg 6595 £ il ded 1235 oo a5 ) (L ol o ples GVIG
1, Cs-137 (glabaii (saniz Lo ,5 cnl sl oaysl sy 1) 5o il cal o 5 0ailo gl 1 (65,1 sl
(ICRU-4 5 c8l ol iz 5l slao,S 55 10 10 5553 ST 0 SKiluad (slabais sasin S olgie 4
Sl $VY 5 FY Laly, 51 g wuols 1,3 [AV] (AI50TEP) il Jsleo Setudly 5 [AY] Component)
2l Jobeo Szdly g o5 2l 50 o bl cal o g Ol 5o eaile sl (65 CBlil al 1o G amslre
Sy &5 bl calpo Gl bgiye goals aulos ol T-A S0 5 FVY Jgazr oS o0 ool
Oyzad 320 o L5 10 MIP Gee B 5000 51 lagy oo BB L ol jo 1 50 cetnlil ol o g oo
oL o [V 0] peo,8 anslie oL, %00 5 L F-3 USE o T ol 1) ool ey gl o o JLiel (sl

S,l0 0925 o8> SlgS e aS Molo
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35 <l 53 (DBF) 50 bl calpd 3 0T 53 (EDBF) ouils sl 1 (551 cobldl calps $-1Y Jguz

el Jolro Souudl

mfp | The EDBF The DBF of The DBF of Relative Relative
of Water Soft Tissue A150TEP difference difference
(a) () () (%) (%)
x 100 x 100
1 2.28 2.28 2.27 0 -0.44
2 4.32 4.32 431 0 -0.23
3 7.06 7.07 7.04 -0.14 -0.42
4 10.45 10.47 10.41 -0.19 -0.57
5 14.46 14.50 14.40 -0.28 -0.69
6 19.10 19.16 19.02 -0.31 -0.73
7 24.36 24.44 24.25 -0.33 -0.78
8 30.29 30.38 30.11 -0.30 -0.89
9 36.89 36.96 36.63 -0.19 -0.89
10 44.12 44.20 43.81 -0.18 -0.88
10 T T T T
=
% 0.5
Té . Water
= A A150TEP
< 004 - —W-— W — oo
5 O
§ A . n "
= " g g =
;'5 A A
© 0.5
A A A
'10 E I 1 1 = I
0 2 6 8 10
mfp

FoNY Jguo bl o il b cdl Joleo Seiwdly 9 0T Coblil el pd oot o SS F-A S
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7 ® (Cs-137 in water [22]
£ —-—-Cs-137 in water by MCNPX
[ 4
1 T T T T
0 2 4 6 8 10
mfp

[Ve8] (bl) 25 )5 b T 43 (EDBF) suile gl 3 (655 coublil el pi>  szmimm sl F-9 S

G-P Fitting g, L ¥-VY Jsax jo 1) 05 cdl @ bg e cuiilil col o yiin oo liel jolaie o

ol lipale MONPX oS (15358 i s (sloosls cons 31 4K (512 (izpads 5 205 ol
58,5 ST L g ol oo ools ylas F-V e S 0 o] (sawaie aS ol g, SOl eoliiwl b puiS
5 (W3b 5lpe 9 oL 0588 lagin g b Llis Culbed &5 0g (Jumdg 4 by o o5) £ (gl
b s ek MONPX 05 ailbuliS’ 4y b yo cions gl 45 pols 5lis $-1F Jsaz 0 F1 b

35yl [V ¥] NIST-XCOM 4 by 1o (slaosls
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G-P gy bawgi 0ol dwlxo g MCNPX oS lawgi ool duwlne clilil culpd (sdmmwlio F-1Y Jouo

Ly <l ol w Fitting

mfp EABF by G-P fitting [106] | DBF by MCNPX | Relative difference (%0)
1 2.312 2.28 -1.41102
2 4.281 4.32 0.905347
3 6.880 7.07 2.691499
4 10.129 10.47 3.25236
5 14.051 14.5 3.095569
6 18.659 19.16 2.612576
7 23.961 24.44 1.959996
8 29.954 30.38 1.402137
10 43.970 44.2 0.520977
Cylindrical thin target
>
>
I, I

Parallel narrow beam

MCNPX oS g chomdi <ol o i (619 00l ooliiw! gamwasd F-1e S
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[1+¥] NIST-XCOM Lyl samlio g MCNPX oS lawgs suls duwlxo Oy il po PV Jous

oy by g ATSOTEP <Siudly «of (g0

Total mass attenuation coefficients (cm?/g)
Water A150TEP Soft tissue
Energy | MCNPX XCOM MCNPX XCOM MCNPX XCOM
(MeV) [103] [103] [103]
0.005 42.54 42.59 30.63 30.68 39.43 39.48
0.01 5.32 5.33 4.188 4.186 4.935 4.938
0.05 0.2267 0.2269 0.2197 0.2198 0.2221 0.2223
0.1 0.1705 0.1707 0.167 0.168 0.1685 0.1688
0.5 0.09652 0.09687 0.09561 0.09579 0.09555 0.09593
1 0.07065 0.07072 0.06977 0.06992 0.07002 0.07004

10 MeV gousasolids glpm ouls (2lhb Jouwo (550950 F-0

9 0959 GRS n ey Gliwly ;o 1) (arin Jlun Lol obgS (laslllas 030,5 (W5 Lo (2o cnl 5o
auad Lo (9> ma0 plosl 10 MeV gosimalils ululy ool >hb o sojlax 5l 00,5 cuid (9599
sohte (et 4y o (LA (b Joue) Jowe (nl 9590 50 ) (55050 sl o) 0 9 (6,105 bla> Coanl (o )l
30 o Gdmle 4 ol aS ols Lis g muols pladil (95388 (6 a3 Oj90 4o i liel ol Lo
Ve vT o alie (%00 )5 L (o Lol ol gl a5 puied (59555 Slogiyy (Shos

sl L s5lse 09585 S5 sl lp wud ) e (D) (i o (i Ll gl Lo aly 5o
ol a8 Canl Gg3 00,5 dwle MCNP oS 55, 51 O pg6l6 S 0 (10 MeV (1 J1E-6 (1E-9)
Slawle cpl zls a5 sl oals oolaiwl (MeV/G U oxlg) F6 JU 5l gilwans (glp aS 04 az g5 4SS

9,5 alasde F-VY S jo lgi se |
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10710 — : . —— 100+ : T — : :
lons,, 4 MCNP5 [107] 10:2 4 MCNP5[107]
..l... ¢ Our work 1 10114 “"ﬂ.’. ®  Our work
Sog, 10 MeV 'S 1 MeV
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k :. 1E-6 MeV a® e Our work
) i . e 1014 ] o 1E-9 MeV 1
R A :
__;-_- E M. A..
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5ol pgild S 4o (10 MeV (1 1E-6 1E-9) o g5 b s3l90 09595 sgi p hos i 30 &ajef F-1) S
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ol J&ls g el 1 glem® &> 930 Cm s a4 slo,S 098,85 eolanwl ICRUT (go,8 5l Lo, ol (sl
11.1% )50u8176.2% O 50 0,5 pl SluS 5 o0y Qo )0 el odls yy oy <8 Joles (g00bs
6o,S JBls yo ) Jolao 30 el jo Lo dly yo LV Al sl oo 059,55 2.6% 5 39,0u 10.1% (oS
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Do d GBals Y galal) (gl a5 05l o iy 052 W2ly odd DA (655 Gliee (232 50 &8y o
a5 35l 0529 (En) logyg g5 (65,5 can pp (0l gy 5gi gl Lol Cadl SO L ol o ysiss (6l CodS

Ly el wloas 03,51 55 Lails, 4o g g CaisS o po @ilgs

2

Q =25+ 18.2exp {— @} E, <1MeV (F-Y0)
2

Q = 5.0 +17.0exp {— 2L} 1< E, <50MeV (F-15)

s 2 Sln s 0955 o8 5 0958 Sgin o2 3l (AU Jolae o Lo ad aisS (VL axl @ az g L

S @ ¥V IS8 4 azgi LICRU slao S sl Jolee 30 S (e 5 923,5 ale ICRU (g0 8
Cewds 7.4240.4% (MSv/MALS) 4 3.3+£0.6% (MSv/mA.s) (1.96+1.16% (MSV/MA.S) cul, & >
eSileo yskas Al ety (50,95 Sy o o JS Joleo 5 9> [1+ 2] ACRP-103) (335 4 4255 b ous 5]
s 3 ol CrBg, MalS Joe (6,05 Llas pg3) ookel cawdy gl ply ey 3L 20 MSV 1 s wuls

Sl slpadon ditins Jeddle a5 Sl 4 Glei o |y b o (pl (5 I35 blas> 580
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Sl Pl jlns (69,)55 5 Grabae (030l (1959 et SO Gl 4 9,80l aS gomsclis
o 3)lge y5b (e 9 BNCT asile gloys o )lse sl plodaiar iz 5l Glsien 5, cnl 5l 20liee
il g L b (9,558 (et 4 5L oS (99,150 pled Lo 5 (Jg )5 (sl Jlad (g s (S S g0l aiile
Gl 4y e &S baeder (pl (605 gy S mdar SLlye ;500 50,5 ool s odas LB 5 s
ol o e andlaijls ol (hgels g gy Cobld basio cpl aS Cul cpl 05 g0 (LSS (6,595
SLly 53 G955 il sae; ;o) 1) basiar cul jleslinul bl s oS 030 (aw aslllas
Lol 00,5 Joe (3990 dio) (ol o Ma)ﬂ Cowds &S 2ol 4y a9l b aS e )L (0 i Slge 2lS
Gy 5 65 bla> aie; 10 s gadllae 4 LS lasie ol 5l ladgl Gaised cole @l
A jlle aST 0,8 S8 b atdl0gd oo wlua! Sl brdair cnl & bgipe (LS 5 (5598 (6 50
Sz o388 Ll culypo oo | egas 4 bbasiaz (nl 5l Jol> L slagiy 5,105 Llax
ol ool p)lez Jad )3 055
wbb i bagyg g )L 4z ;8 a5 8 8 o Ll 4SS cpl @ (g5 o0 e (2l (65Le ISCET (e ) 3590 )0
oley ials a4 e ST GlllS slows ol yli 5 0gb oo i s S sl Slass azs o
3.9468x10° £0.69% o 5 43 1, IS 5 slo)S (cldiygyisi oL painadlsi Lo SIS oyl 1o 05 co (gl IS0 ]
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Abstract

In this study, we tried to design a photoneutron source based on an electron LINAC.
Therefore, we used the emitted electrons from 5 and 10 MeV electron LINAC. It is good
to mention that many studies have been done on these neutron sources recently and also,
we can use them for many applications, include boron neutron capture therapy (BNCT),
neutron activation, explosives, and narcotics detection and etc. Actually, in this thesis,
we designed and optimized the electron-gamma-neutron convertor for 5 and 10 MeV
electron LINAC. In this convertor, the energetic electrons collide with a high atomic
number of elements such as tungsten and produce a continuous spectrum photons
(bremsstrahlung). Then these photons collide with a photonuclear target such as
beryllium or deuterium and produce neutron (photoneutron). Therefore, we can obtain
a good neutron flux for any application that needs a neutron source. We could reach to
4.7882x108 and 3.6x10® (n/cm?.mA.s) total neutron flux and thermal neutron flux, respectively.
In the present work, we used these neutron sources for thermal neutron activation for
the detection of explosives (TNT, PETN, RDX, HMX, NG, EGDN). Also, we verified our
results with other works and we reached a good agreement with them, as well. We
showed that these neutron sources have good potential for thermal neutron activation
and explosives detection. In addition, we did good investigations about gamma shielding
for these neutron sources and also, we investigated the dosimetry around of convertor
in brief. Of course, it should be noted that we studied buildup factors as an important
parameter for gamma-ray shielding. It is good to mention that all simulations and
investigations have been done by the Monte Carlo method via MCNPX code. Finally,
as mentioned above, we can suggest our design for explosives detection and thermal
neutron activation.

Keywords: Photoneutron source, Explosives detection, Thermal neutron activation, Gamma-
ray buildup factor, MCNPX code
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