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Evaluation of Proton Reaction Cross Sections
of Major Elements in Metal Substances for Thin Layer Activation Method
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Abstract
It was evaluated total number of 23 proton reaction cross sections of major elements in metal substances,
which are required for the Thin Layer Activation Method. Considered y emitters are **V, *Mn, ***’Co, *’'Ni, *Zn,
Ga, ¥Zr, “™Nb, *™*Tc and '**!*¢Re, which are produced by bombarding 10 to 30 MeV protons to the metal
target such as Ti, Cr, Fe, Ni, Cu, Zn, Nb, Mo and W. Most cross sections were evaluated by fitting to
experimental data. The accuracy of each evaluated cross section set was reviewed by comparing the calculated
scaling curves, which were obtained by processing the results of TRIM code with newly evaluated cross sections,

with the curves from experiments.
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o= ARE-EE = QITh TLA o AF&H = 58 FAA AL vhg3 A4 49 53 5E4E %1
of gttt Cro FAdA vhE o2 ¥mMn % ZMn 7} A EHY i FEe] "Mn & RHHY]
wow & 2cr 2 gyt B3 1.8 % A=V *Mn 2 A3HECh Ni o FgAF vk s A=
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g lasy (MeV) Ty BE
= A18(%) (day) oA (keV)
»Ti 46 (8.0) *Ti(p,n)*V 4.9 B+ 15.97 511 (100%)
47 (1.3) 983 (100%)
48 (73.8) 1312 (98%)
4Cr 52 (83.8) 2Cr(p,n)Mn 5.6 B+, EC 5.59 511 (59%)
53 (9.5) “Cr(p,2n)”Mn 13.7 744 (90%)
936 (95%)
1434 (100%)
2 Fe 54 (5.9 **Fe(p,n)**Co 5.44 B+, EC 77.27 511 (48%)
56 (91.7) 847 (100%)
1238 (67%)
2sNi 58 (68.1) *Ni(p,2p)’"Co 8.32 EC 271.8 122 (86%)
60 (26.2) 137 (11%)
*Ni(p,d)"'Ni 10.16 EC 1.48 127 (15%)
*Ni(p,np)*’Ni 12.43 1378 (85%)
»Cu 63 (69.2) “Cu(p,n)*Zn 2.17 EC 244.3 1116 (51%)
65 (30.8)
s0Zn 64 (48.6) *Zn(p,np)**Zn 11.2 EC 244.3 1116 (51%)
66 (27.9) “Zn(p,n)’Ga 1.81 EC 3.26 185 (21%)
68 (18.8) *Zn(p,2n)"'Ga 12.15 300 (17%)
4Nb 93 (100) Nb(p,na)”Zr 16.4 B+, EC 3.27 511 (56%)
909 (100%)
**Nb(p,np)”"Nb 12.1 EC 10.15 934 (100%)
Mo 92 (14.8) *Mo(p,n)*"Tc 2.54 EC 61.0 204 (56%)
95 (15.9) **Mo(p,2n)”"Tc 11.78 582 (31%)
96 (16.7) "Mo(p,3n)""Tc 18.67 835 (24%)
97 (9.6) *Mo(p,n)**Tc 3.79 EC 4.28 778 (100%)
98 (24.1) “Mo(p,2n)**Tc 10.68 813 (82%)
100 (9.6) **Mo(p,3n)*Tc 19.41 850 (98%)
W 182 (26.3) "SW(p,n)'“Re EC 70.0 162 (23%)
183 (14.3) "W(p,2n)'*Re 292 (3%)
184 (30.7) "W(p,n)'"**Re EC 38 217 (38%)

186 (28.6) 921 (33%)
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A} database Q1 EXFOR[3]oA A, 143t 534 AR ZE cubic spline
S AHE3te] fitting 3 WH o R WHAS IRl 22 Wbl diste] ofe] Jie] AE A=

AEZ 9 A9 e 49 Asksh @48 the 48 ARE fiting A4 AF, B 99
e A

AP 2ARE SAHo R AFESIT B 2 & o] AFolA Hrsk
7k hgH = fitting o] AREE A ARE AYF Aolth olF el ™Cr(p,x)**Mn °] TH A S
20r 9 BCr 9EAS HAFZANZ 1FEE] AAEE on, Mo(p,x)*"Te L ™Mo(p,x)*Te T 4
L e o Atsiith i W Almel dis) FdA AR B8E PRe R *Re TLA =
AAEL ot 7F sdAay AAdhe gig dAA AIA= 7E 5 Sl e Erkd
GHA S ALESEe] WALSE S AXbetaL o]l WAMSE AF Adel vlalsh= slo] AdAR1 HAp
old), w Ago] theixe A= 2 AN Wale Avst Ad Avel PEE GuHAS
A5 N "W(p,x) PRe Z "W(p,x)'**Re T HS HrIsldck a9 1, 3, 50 F7F @i
%

320 9HEA PGt AREE AE A=
= s S s b LX) He _ ‘ _
- R L L S

T (k) 44001.002 45~ 2908 69 Kopecky [4]
2Cr(p,n)***Mn a0510.037 7.7~ 295 25 Levkovski [5]
SCr(p,2n) *Mn__ a0510.040 _ 13.8 ~ 29.5 8 Levkovski [5]
*Fe(p,n)**Co b0041.002 48 ~ 39.0 27 Jenkins [6]
“Ni(px)"Co _ d4002.003 9.9 ~ 29.6 40 Tarkanyi [7]
"Ni(p,x)"Ni d4002.002  13.6 ~ 29.6 67 Tarkanyi [7]
%Cu(p,n)®Zn b0068.006 223~ 5.78 64 Johnson (8]

a0510.081 7.7 ~ 29.5 25 Levkovski [5]
Zn(p,np)*Zn a0510.089  13.8 ~ 295 18 Levkovski [5]
Zn(p,n)*'Ga b0068.011 1.85~ 5.34 30 Johnson [8]

a0510.090 7.7 ~ 29.5 25 Levkovski [5]
Zn(p.2n)"Ga __ a0510.094  12.8 ~ 29.5 19 Levkovski 5]
PNb(p.na)°Zr 00276298 164 ~ 2600 53% Michel 9]
BNb(p,ap) "Nb 00276301 5.62 ~ 2600 64%* Michel 9]
SMo(p.n)™"Tc  a0338.003 4.0 ~ 9.0 11 Skakun [10]

a0510.224 7.7 ~ 183 13 Levkovski [5]
%Mo(p,20)"Tc 0510232 12.1 ~ 29.5 20 Levkovski 5]
Mo(p,3n)""Tc _ a0510240 214 ~ 295 10 Levkovski 5]
%Mo(p,n)**Tc a0338.004 45 ~ 9.0 10 Skakun [10]

a0510.231 7.7 ~ 183 13 Levkovski [5]
""Mo(p,2n)*Tc a0510.239 12.1 ~ 29.5 20 Levkovski [5]
%Mo(p,3n)**Tc 20510244 203 ~29.5 11 Levkovski [5]

* 40 MeV 7+A] 17 74
** 40 MeV 7FA] 27 7N
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T x4 W] WA AlSE N, £) scaling curve S(x) &S A&l
N(x, £) = N(0, ) - S(x) = N(0, 0) exp(-Af) - S(x)
2 F39H, vHe] xol wal A Mx, 0k vle] & A= MO, )] HIE S(x) curve el 2
oW I we] FA xE AAT F Atk @A o] FAA AUA e wet th27] wiEel scaling
curve = YA} YA E R FH|slofof S
A= Frrek dHd 2 TRIM ZE[11]E AF83Fo scaling curve & 7313l ©] & TAEA HE.I1A[1]
w3 PaEdth TRIM & 8Fd 1Ake] 4252 Monte Carlo W02 WALSHE Z=90d 1 AA=
WAL FEs 7414_’3}%] %=} Scaling curve & 7-3H7] 918 TRIM o] A1 FA 7S] FE0]9 file
3} ENDF format ¢] @4 2=, A4 5‘4%4 7] 5 fdgoR zod oy B AR &
AArele L2339 ENERGY & 2 &kith
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A A Aol 12 e ZolE Ay Aolw 17 2,4, 6 2 scaling curve 9] oS HQl Ao|t},

M

)

3 3.TLA W Aze) WAkshkE: 2 g WAbe 12 Zo] ALk 23

" ) A A PAF &=} WALSHE (uCi/pAh) 2 BAHs 12 Zol(um)
A = R0 (P B B AT 2
o) HF 0 Az} A Ak 5L o men

Ti 4.52 wy 7 6.5 21.8 30 31( 3)
10 98 135 113 110 ( -3)

Cr 7.20 ZMn 11 76 60.5 81 91 ( 12)
22 550 493 506 497 ( -2)

Fe 787 %Co 7 1.4 1.07 13 14( 9
10 7.0 12.8 47 49 ( 4)

Ni 8.90 Co 10 0.65 0.036 44 20 (-55)
22 35.0 30.1%* 90 179 ( 98)

Cu 8.92 “Zn 7 1.2 1.42 28 32( 14)
10 5.44 5.71 63 64( 1)

Zn 7.14 SZn 22 12.0 11.5 227 211 (-7
“Ga 11 50 77.9 73 103 ( 40)

22 680 1049 308 327( 6)

Nb 8.57 “Zr 22 6 47 103 130 ( 27)
2N 22 100 97 136 208 ( 12)

Mo 1021 9mTe 7 0.173 0.18 28 15 (-46)
11 1.27 2.4 72 60 (-17)

22 14.4 21 370 356 ( -4)

%Te 7 8.0 9.2 20 16 (-20)

11 75 128 73 62 (-15)

22 560 780 366 415 ( 13)

W 19.35 ®Re 11 13 13 22 21( -1
22 34 34 218 204 ( -6)

SRe 11 243 2.43 40 2( 4

22 80 80 91 89 ( -2)

* TRIM ¢ WAzt
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