NEUTRON SCATTERING AND ABSORPTION PROPERTIES

Norman E. Holden

This table presents an evaluated set of values for experimental
quantities that characterize the properties for scattering and
absorption of neutrons. The neutron cross section is given for
room temperature neutrons, 20.43°C, corresponding to a thermal
neutron energy of 0.0253 electron volts (eV) or a neutron velocity
of 2200 meters/second. The neutron resonance integral is defined
over the energy range from 0.5 eV to 0.1x10°¢ eV, or 0.1 MeV.

Bound neutron scattering lengths and neutron cross sections
averaged over a Maxwellian spectrum at 30 keV for astrophysical
applications are also presented. A list of the major references used
is given below. The literature cutoff date is January 2003. Uncer-
tainties are given in parentheses. Parentheses with two or more
numbers indicate values to the excited state(s) and to the ground
state of the product nucleus.

Table Layout

Description

For elements, atomic number and chemical symbol are listed. For nuclides, mass number

and chemical symbol are listed. Isomers are indicated by the addition of m, m1, or m2.

Half-life in decimal notation. {ts = microsecond; ms = millisecond; s = second; m = minute;

Cross sections for neutron capture reactions in units of barns (10> cm?) or millibarns
(mb). Proton, alpha production and fission reactions are designated by 6, 6,, o,

respectively. Separate values are listed for isomeric production.

Resonance integrals for neutron capture reactions in barns (10-** cm?) or millibarns (mb).

Proton, alpha production and fission reactions are designated by R.IL, RL, RIL,
respectively. Separate values are listed for isomeric production.

Bound coherent scattering lengths for neutron scattering reactions in units of femtometers

Astrophysical Cross Sections, averaged over a stellar neutron maxwellian spectrum

Column
Number Column Title
1 Isotope/Element
Isotopic Abundance in atom percent
Half-life
h = hour; d = day; y = year.
4 Thermal Neutron Cross
Sections
5 Neutron Resonance Integrals
6 Neutron Scattering Lengths
(fm), which is equal to fermis (10-** cm).
7 Maxwellian Averaged Cross
Section

characterized by a thermal energy of 30 keV, expressed in barns (10* cm?), millibarns

(mb) or microbarns (ub).
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Elem. or Natural Thermal Neut. Cross-Section Resonance Integral Coh. Scat. 6 (30 keV) Maxw.

Isot. Abundance (%) Half-Life (barns) (barns) Length (fm) Avg. (barns)
H 0.332(2) 0.149(1) -3.739(1)

H 99.9885(70) >2.8x10% y 0.332(2) 0.149(1) -3.741(1)  0.25(2) mb*

’H 0.0115(70) 0.51(1)mb 0.23(2) mb 6.671(4) 2.1(4) ub

SH 1233y < 6. ub 4.79(3)

,He < 0.05 3.26(3)

3He 0.000134(3) o, = 5.33(1)x10° RI, = 2.39(1)x10° 5.74(7)

0.05(1) mb 8.(1) ub’

‘He  99.999867(3) 3.26(3)

JLi 71.(2) 32.(1) 21.90(2)

°Li 7.59(4) G, = 9.4(1)x10? RI, = 422.(4) 2.0(1) o, ~ 1.

*Extrapolated value.
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11-186 Neutron Scattering and Absorption Properties
Elem. or Natural Thermal Neut. Cross-Section Resonance Integral Coh. Scat. o (30 keV) Maxw.
Isot. Abundance (%) Half-Life (barns) (barns) Length (fm) Avg. (barns)
39.(5) mb 17.(2) mb 0.06(1) mb*
7Li 92.41(4) 45.(5) mb 20.(2) mb -2.22(2) 42.(3) ub
8Li 0.84 s <=~55ub
,Be 8.8(4) mb 3.9(2) mb 7.79(1)
"Be 53.28 d o, = 3.9(1)x10* R, = 1.75(5)x10* o, = 16(4)°
6, = 0.1
°Be 100. 8.8(4) mb 3.9(2) mb 7.79(1)
10Be 1.52x10° y <1. mb
B 7.6(1)x102 3.4(1)x102 5.30(4)
108 19.9(7) G, = 38.4(1)x10? RI, = 17.3(1)x10? -0.1(3)
0.3(1) 0.13(4)
6, = 7.(1) mb
G, = 8.(2) mb
up 80.1(7) 5.(3) mb 2.(1) mb 6.65(4)
.C 3.5(1) mb 1.6(1) mb 6.646(1)
2C 98.93(8) 3.5(1) mb 1.6(1) mb 6.651(2) 16.(1) ub’
13C 1.07(8) 1.4(1) mb 1.7(2) mb 6.19(9) 0.021(4) mb
uC 5715.y <1.4 pb 3.(1) ub’
N 2.00(6) 0.90(3) 9.36(2)
UN 99.636(20) o, = 1.93(5) RI, = 0.87(3) 9.37(2) G, = 1.8(2) mb’
0.080(1) 0.034(1) 0.04(1) mb
N 0.364(20) 0.04(1) mb 0.11(3) mb 6.44(3) 6.(1) ub’
O 0.29(1) mb 0.40(4) mb 5.805(4)
160 99.757(16) 0.19(1) mb 0.36(4) mb 5.805(5) 34.(4) ub
170 0.038(1) o, = 0.257(10) 0.11(1) 5.8(2) o, = 3.9(5) mb’
0.54(7) mb 0.39(5) mb
80 0.205(14) 0.16(1) mb 0.81(4) mb 5.84(7) 9.(1) ub*
oF 9.5(1) mb 21.(3) mb 5.65(1) 6.(1) mb
9F 100. 9.5(1) mb 21.(3) mb 5.65(1) 6.(1) mb
1oNe 42.(5) mb 19.(3) mb 4.566(6)
20Ne 90.48(3) 39.(5) mb 18.(3) mb 4.631(6)  0.12(1) mb
ANe  0.27(1) 0.7(1) 0.31(5) 6.7(2) ~15mb
G, = 0.18(9) mb
2Ne 9.25(3) 51.(5) mb 23.(3) mb 3.87(1) 58.(4) ub*
:Na 0.53(2) 0.32(2) 3632)  2.1(2) mb
22Na 2.605 y o, = 2.8(3)x10* RI< 2.x10°
0, = 2.6(4)x10? RI, = 1.2(2) x 10
»Na  100. G, = 0.43(3) RL, = 0.30(6) 363(2)  2.1(2) mb
Mg 66.(6) mb 38.(5) mb 5.375(4)
Mg 78.99(4) 0.053(6) 32.(4) mb 5.7(2) 3.3(4) mb
Mg 10.00(1) 0.20(1) 98.(15) mb 3.6(2) 6.4(4) mb
Mg 11.01(3) 0.038(1) 25.(2) mb 4.9(2) 0.13(1) mb*
Mg 9.45 m 0.07(2) 0.03(1)
LA 0.230(2) 0.17(1) 3.45(1)
26A] 7.1x10° y o, = 1.97(10) 0.14(2)
o, = 0.34(1)
27A1 100. 0.230(2) 0.17(1) 3.45(1) 2.9(3) mb
1451 0.166(9) 0.12(2) 4.15(1)
28Si 92.223(19) 0.17(1) 0.11(2) 4.11(1) 2.9(3) mb
G 4.685(8) 0.12(1) 0.08(2) 4.7(1) 7.9(9) mb
0Si 3.092(11) 0.107(3) 0.62(6) 461(1)  3.2(3) mb*
31Si 2.62 h 73.(6) mb 33.(3) mb
2gj 1.6x10% y <05
1P 0.17(1) 0.08(1) 5.13(1)
31p 100. 0.17(1) 0.08(1) 5.13(1) 1.7(1) mb
S 0.54(2) 0.24(2) 2.847(1)
a2g 94.93(31) 0.55(5) 0.25(2) 2.804(2)  4.1(2) mb
G, < 0.5 mb

*Extrapolated value.



Neutron Scattering and Absorption Properties 11-187
Elem. or Natural Thermal Neut. Cross-Section Resonance Integral Coh. Scat. o (30 keV) Maxw.
Isot. Abundance (%) Half-Life (barns) (barns) Length (fm) Avg. (barns)
33 0.76(2) 0.46(3) 0.21(2) 4.7(2) 7.4(15) mb
o, = 0.12(1) RI, = 0.05(1) o, = 0.18(1)
6, =2.mb
34S 4.29(28) 0.25(1) 0.13 3.48(3) 0.23(1) mb
365 0.02(1) 0.24(2) 0.26(3) 0.17(1) mb*
1,Cl 33.6(3) 15.(2) 9.58(1)
5Cl 75.78(4) 43.7(4) 20.(2) 11.7(1) 9.4(3) mb
o, = 0.44(1) RI, = 0.2 6, = 1.7(2) mb*
6,~ 0.08 mb
3Cl 3.01x10° y G, = 46.(2) mb RI, = 0.02 o, = 91.(8) mb
<10.
G, = 0.59(7) mb G, = 0.9(2) mb
37Cl 24.22(4) (0.05 + 0.38) (0.04+0.26) 3.1(1) 2.0(2) mb
AT 0.66(3) 0.42(5) 1.91(1)
BAr  0.3365(30) 5.(1) 2.(1) 24.9(1)
G, = 5.4(3) mb
6, < 1.5mb
37Ar 35.0d G, = 1.08(8)x10° RI, = 900. c,~13
G, = 37.(4) RI, = 31. G, ~ 0.04
BAr  0.0632(5) 0.8(2) 0.4(1) 3.5(35)
PAr 268.y 6.(2)x10?
6, <0.29
OAr 99.6003(30) 0.64(3) 0.41(5) 1.83(1) 2.5(3) mb
HAF 1.82h 0.5(1) 0.2(1)
LK 2.1(1) 1.0(1) 3.67(2)
MK 93.2581(44) 2.1(2) 0.9(1) 3.74(2) 11.8(4) mb
G, = 4.3(5) mb
6, < 0.05 mb
K 0.0117(1) 1.26x10° y 30.(8) 13.(4) c, = 7.(1) mb
G, = 4.4(4) 2.0(2) G, = 40.(6) mb
o, = 0.42(8)
4K 6.7302(44) 1.46(3) 1.4(2) 269(8)  22.(1) mb
wCa 0.43(2) 0.23(2) 4.70(2)
“Ca 96.941(156) 0.41(3) 0.22(4) 4.80(2) 6.7(7) mb
o, = 0.13(4) mb
41Ca 1.02x10° y ~ 4.
G, = 0.18(3)
G,=7.(2) mb
2Ca  0.647(23) 0.65(10) 0.39(4) 3.4(1) 16.(2) mb
“Ca 0.135(10) 6.(1) 3.9(2) - 1.56(9) 51.(6) mb
“Ca 2.086(110) 0.8(2) 0.56(1) 1.42(6) 9.(1) mb
%Ca 162.7 d ~ 15.
4Ca 0.004(3) >4x10% y 0.70(3) 0.9(1) 3.6(2) 5.3(5) mb*
®Ca  0.187(21) 4.3x10° y 1.0(1) 0.5(1) 0.39(9)  0.8(1) mb*
nSc 27.2(2) 12.(1) 12.3(1)
Sc 100. (10.+17.) (5.6+6.4) 12.3(1) 69.(5) mb
4Sc 83.81d 8.(1) 3.6(5)
2 Ti 6.1(1) 2.8(2) - 3.438(2)
T} 60 y 1.1(2)
()'p<0.2
“©T|  8.25(3) 0.6(2) 0.4(1) 4.93(6)  27.(3) mb
YTi 7.44(2) 1.6(2) 1.6(2) 3.63(1) 64.(8) mb
4T 73.72(3) 7.9(9) 3.6(2) -6.09(2) 32.(5) mb
OTi  541(2) 1.9(5) 1.2(2) 1.04(5)  22.(2) mb
ST 5.18(2) 0.179(3) 0.12(2) 6.18(8) 3.6(4) mb
WV 5.0(2) 2.8(1) 20.382(1)
50y 0.250(4) 1.4x107 y 21.(4) 50.(20) 7.6(6)
G, = 0.7(4) mb

*Extrapolated value.



11-188 Neutron Scattering and Absorption Properties
Elem. or Natural Thermal Neut. Cross-Section Resonance Integral Coh. Scat. o (30 keV) Maxw.
Isot. Abundance (%) Half-Life (barns) (barns) Length (fm) Avg. (barns)
Y 99.750(4) 4.9(1) 2.7(2) -0.402(2)  38.(4) mb
Cr 3.02) 1.7(1) 3.635(7)
0Cr  4.345(13) >1.8x10"7 y 15.(1) 8.(1) - 4.5(1) 0.05(1)
51Cr 27.70 d < 10.
52Cr 83.789(18) 0.8(1) 0.6(2) 4.91(2) 8.8(4) mb
3Cr 9.501(17) 18.(2) 9.(1) -4.2(1) 0.06(1)
Cr 2.365(7) 0.36(4) 0.25(5) 4.6(1) 7.(2) mb
,sMn 13.3(1) 14.0(3) -3.75(2)
53Mn 3.7x10° y 70.(10) 32.(5)
5Mn 312.1d < 10.
5Mn 100. 13.3(1) 14.0(3) - 3.75(2) 40.(3) mb
JFe 2.7(1) 1.4(2) 9.45(2)
54Fe 5.845(35) 2.3(2) 1.3(2) 4.2(1) 29.(2) mb
o, = 10. ub RI, = 1.1(1) mb
55Fe 273y 13.(2) 6.(1)
6, = 0.01
%6Fe 91.754(36) 2.8(3) 1.4(2) 9.93(3) 11.7(5) mb
SFe  2.119(10) 1.4(2) 0.8(4) 2.3(1) 40.(4) mb
58Fe 0.282(4) 1.3(1) 1.3(2) 15.(7) 12.(1) mb
59Fe 4451d 13.(3) 6.(1)
,,Co 37.19(8) 74.(2) 2.49(2)
5mCo 9.1h 1.4(1)x10° 2.5(10)x10°
%Co 70.88 d 1.9(2)x103 7.(1)x103
¥Co 100. (20.7+16.5) (39.+35.) 2.49(2) 38.(4) mb
o0mCo 10.47 m 58.(3) 230.(50)
“Co 5271y 2.0(2) 4.3(10)
,:Ni 4.5(2) 2.3(2) 10.3(1)
58N 68.0769(89) >4x10" y 4.6(4) 2.3(2) 14.4(1) 41.(2) mb
G, < 0.03 mb
5Ni ~ 7.6x10%y Gups = 92.(4) RI,,, = 1.4(1)x10?
o, = 14.(2)
6, =2.(1)
ONi  26.2231(77) 2.9(3) 1.5(2) 2.8(1) 25.(1) mb
SINi 1.1399(6) 2.5(5) 1.5(4) 7.60(6) 82.(8) mb
6, = 0.03 mb
%2Ni 3.6345(17) 15.(1) 6.8(3) -8.7(2) 13.(4) mb
%3Ni 100. y 20.(5) 9.(2)
“Ni 0.9256(9) 1.6(1) 1.2(2) -037(7)  9.(1) mb
65Nj 2517 h 22.(2) 10.(1)
5oCU 3.8(1) 4.1(4) 7.718(4)
63Cu 69.15(15) 4.5(2) 5.(1) 6.43(15) 0.09(1)
“Cu 12.701 h ~ 270.
5Cu 30.85(15) 2.17(3) 2.2(1) 10.61(19)  41.(5) mb
Cu 5.09 m 1.4(1)x10? 60.(20)
wZn 1.12) 2.8(4) 5.680(5)
47Zn 48.27(32) >2.3x10"8 y 0.74(5) 1.4(3) 5.23(4) 59.(5) mb
o, < 12. ub
G, = 11.(3) ub
%Zn 243.8 d 66.(8) 30.(4)
6, =20(2)
&7Zn  27.977(77) 0.9(3) 1.8(2) 598(5)  35.3) mb
G, < 0.02 mb
77n 4.102(21) 6.9(1.4) 25.(5) 7.58(8) 0.15(2)
G, =04 mb
Zn  19.02(12) (0.072 + 0.8) (02 +2.9) 6.04(3) 19.(2) mb
G, <0.02 mb G,, = 3.(1) mb
0Zn  0.631(9) (8.1+83.) mb 0.9(2) 0.02(1)
,Ga 2.9(1) 22.(3) 7.288(2)

*Extrapolated value.



Neutron Scattering and Absorption Properties 11-189

Elem. or Natural Thermal Neut. Cross-Section Resonance Integral Coh. Scat. o (30 keV) Maxw.
Isot. Abundance (%) Half-Life (barns) (barns) Length (fm) Avg. (barns)
“Ga 60.108(9) 1.68(7) 16.(2) 7.88(4) 0.14(1)
7Ga  39.892(9) >2.4x10% y 4.7(2) 31.(3) 640(3)  0.12(1)

G, = 0.15(5)
LGe 2.2(1) 6.(2) 8.19(2)
8Ge 270.8 d 1.0(5)
Ge 20.370(89) (0.3 +2.7) 2.3(1) 10.0(1) 88.(5) mb
2Ge 27.380(60) 0.9(2) 0.8(3) 8.5(1) 0.07(2)
BGe  7.759(78) >1.8x10% y 15.(1) 66.(20) 5.02(4)  0.3(1)
“Ge  36.656(80) (0.14 + 0.28) (0.4+0.5) 7.6(1) 53.(7) mb
%Ge 7.835(81) 1.6x10%! y (0.09 + 0.06) (1.3+0.6) 8.2(15) 0.03(2)
AS 4.0(4) 61.(5) 6.58(1)
75As 100. 4.0(4) 61.(5) 6.58(1) 0.57(4)
uSe 12.(1) 14.(3) 7.970(9)
7Se  0.89(4) 50.(2) 520(50) 0.8(3) 0.2(1)
75Se 119.78 d 3.3(10)x10?
76Se 9.37(29) (22. + 63.) (9.+31.) 12.2(1) 0.16(1)
77Se 7.63(16) 42.(4) 30.(5) 8.25(8) 0.3(1)

G, = 0.97(3) ub
Se  23.77(28) G, = 0.38(2) RI, = 4.3(4) 8.24(9) 0.1
0Se  49.61(41) (0.05+0.54) (0.15+0.85) 748(3)  42.(3) mb
2Se  8.73(22) ~ 1X10% y (39.+ 5.2) mb 39.(4) mb 6.34(8)  0.04(2)
SBr 6.8(2) 92.(8) 6.79(2)
7Br 16.0 h 224.(42)
7Br 50.69(7) (2.5+8.3) (36.496.) 6.79(7) 0.63(4)

G,, = 0.08(1)
8B 49.31(7) (2.4+0.24) 51.(5) 6.78(7)  0.31(2)
LKr 24.(1) 39.(6) 7.81(2)
8Kr 0.353(3) >2.3x10% y (0.17+6.) 20.(1) (0.11+0.19)
80Kr 2.286(10) (4.6+7.) 57.(6) (0.09+0.18)
82Kr 11.593(3) (14.+7.) 130.(13) 90.(6) mb
83Kr 11.500(19) 183.(30) 183.(20) 0.24(2)
8Ky 56.987(15) (Gt Op) = 0.11 2.4(3) (16.+33.) mb

G, = 0.09
85Kr 10.73 y 1.7(2) 1.8(10) 0.07(2)
86Kr 17.279(41) 3.(2) mb ~ 1. mb 8.1(3) 3.2(4) mb
37 Rb 0.39(4) 6.(3) 7.08(2)
84Rb 329d o, = 12.(2)
S5Rb  72.17(2) (0.06+0.38) (0.7+7.) 7.0(1) 0.24(1)
86Rb 18.65 d <20.
S’Rb 27.83(2) 4.88x101 y 0.10(1) 2.3(4) 7.3(1) 16.(1) mb
88Rb 17.7 m 1.2(3) 0.5(1)
25T 1.2(1) 10.(1) 7.02(2)
84S 0.56(1) (0.6+0.2) (9.+1.) 0.4(1)
86y 9.86(1) G, = 0.81(4) RIL, = 4.(1) 5.68(5) (48.+22.) mb
&Sy 7.00(1) 16.(3) 118.(30) 741(7)  97.(5) mb
88Sr 82.58(1) 5.8(4) mb 0.07(3) 7.16(6) 6.0(2) mb
89Sr 50.52 d 0.42(4) 0.2
90y 29.1y 10.(1) mb 0.10(2)
Y 1.25(5) 1.0(1) 7.75(2)
80y 100. (0.001+1.25) (0.006+1.0) 7.75(2) 19.(1) mb
20y 2,67 d <6.5
oy 58.5d 1.4(3) 0.6(1)
w0Zr 0.19(1) 0.95(9) 7.16(3)

G, <0.1 mb
0Zr  51.45(40) ~0.014 0.2(1) 6.4(1) 21.(2) mb
slzy  11.22(5) 1.2(3) 5.(2) 8.8(1) 60.(8) mb
27y 17.15(8) 0.2(1) 0.6(2) 7.5(2) 33.(4) mb
BZr 1.5x10°y <4. 16.(5) 0.10(1)

*Extrapolated value.



11-190 Neutron Scattering and Absorption Properties

Elem. or Natural Thermal Neut. Cross-Section Resonance Integral Coh. Scat. o (30 keV) Maxw.
Isot. Abundance (%) Half-Life (barns) (barns) Length (fm) Avg. (barns)
MZr 17.38(28) >107y 0.049(6) 0.25(3) 8.3(2) 26.(1) mb
%7r  2.80(9) >1.7x10% y 0.020(3) 5.0(5) 5.5(1) 11.(1) mb
.Nb 1.11(1) 8.5(6) 7.14(3)

G, <0.1 mb
%Nb 100. 1.1 (6.3+2.2) 7.14(3) 266.(5) mb
G,, = 0.86
94Nb 2.4x10% y (Ot ©,) = 15.(1) 126.(13)
G, = 0.6(1)
9%Nb 34.97 d <7. <200.
2Mo 2.5(1) 26.(5) 6.72(2)
G, <0.1 mb
2Mo 14.77(31) >3x107 y 0.06 ~ 0.8 6.93(8) 0.07(1)
G,, = 0.2 ub
“Mo  9.226(99) 0.02 ~0.8 6.82(7)  0.10(2)
%Mo 15.900(85) 13.4(3) 109.(5) 6.93(6) 0.29(1)
G, = 30.(4) ub
%Mo 16.674(12) 0.5 17.(3) 6.22(6) 0.11(1)
Mo 9.560(50) 2.5(2) 14.(3) 7.26(8) 0.34(1)
G, = 0.4(2) ub
%Mo 24.20(25) 0.14(1) 7.2(7) 6.60(7)  0.10(1)
10Mo  9.67(20) ~1x10Y y 0.19(1) 3.6(3) 6.75(7)  0.11(1)
s71c
%Tc ~ 6.6x10°y G, =0.9(2)
PTc 2.13x10° y 23.(2) 4.0(4)x10? 6.8(3) 0.93(5)
wRu 2.6 (1) 48.(5) 7.03(3)
%Ru  5.54(14) >3.1x10% y 0.23(4) 7.(2) 0.21(1)
%Ru  1.87(3) <8. 0.3(1)
PRu 12.76(14) 4.(1) 195.(20) 1.2(3)
10Ru 12.60(7) 5.8(6) 11.(2) 0.21(1)
101Ru 17.06(2) 5.(1) 1.1(3)x10? 1.00(4)
G, <0.15 ub
2Ry 31.55(14) 1.2(1) 4.3(5) 0.15(1)
105Ru 39.27 d <20. ~ 30.
104Ru 18.62(27) 0.49(2) 6.(2) 0.15(1)
105Ru 4.44 h 0.29(3) 0.13(1)
106Ru 1.020y 0.15(4) 2.0(6)
sRh 145.(2) 1.2(1)x103 5.88(4)
Rh  100. (11.+ 134 (0.08+1.1)x103 5.88(4)  0.81(1)
104mRh 4.36 m 800.(100)
104Rh 423 s 40.(30)
105Rh 35.4 h 1.1(3)x10* 1.7(4)x10*
46Pd 7.(1) 82.(8) 5.91(6)
102pd  1.02(1) 3.2(10) 10.(2) 0.3(1)
0pd  11.14(8) 16.(2) 0.29(3)
05pd  22.33(8) 22.(2) 60.(20) 5.5(3) 1.20(6)
G, = 0.5(2) ub
106pd 27.33(3) (0.013+0.28) (0.2+5.5) 6.4(4) 0.25(3)
107pd 6.5x10° y 1.8(2) 108.(4) 1.34(6)
108pd 26.46(9) (0.19+8.5) (2.+240.) 4.1(3) 0.20(2)
wpd  11.72(9) (0.033+0.7) (0.7+8.) 0.15(2)
wAg 62.(1) 767.(60) 5.922(7)
W7Ag 51.839(8) (1.+35.) (3.+105.) 7.56(1) 0.80(3)
1¥Ag 48.161(8) (4.1 + 87.) (0.7+14.1)x10? 4.17(1) 0.79(3)
HomA o 249.8 d 82.(11) 20.(4)
HiAg 7.47 d 3.(2) 105.(20)
sCd 2.52(5)x10° 73.(8) 4.87(5)
06Cd  1.25(6) >2.6x10"7 y 0.20(3) 4.(1) 0.30(2)
108Cd 0.89(3) >4.1x10"7 y 1. 14.(3) 5.4(1) 0.20(1)

*Extrapolated value.



*Extrapolated value.

Neutron Scattering and Absorption Properties 11-191
Elem. or Natural Thermal Neut. Cross-Section Resonance Integral Coh. Scat. o (30 keV) Maxw.
Isot. Abundance (%) Half-Life (barns) (barns) Length (fm) Avg. (barns)
109Cd 462.0 d ~ 180. 6.7(12)x10°
o, <0.05
noCd  12.49(18) (0.06+11.) (6.+34.) 5.9(1) (0.01+0.22)
mcd 12.80(12) 3.5(20) 51.(6) 6.5(1) 0.75(1)
m2Cd 24.13(21) (0.012+2.2) 15. 6.4(1) 0.19(1)
13Cd 12.22(12) 7.7x10% y 2.06(4)x10* 390.(40) - 8.0(2) 0.67(1)
G, <1. ub
mCd  28.73(42) (0.04-+0.29) 16.(7) 7.5(1) (0.01+0.12)
usCd  7.49(18) 3.8x101 y (26.+52.) mb 1.2 6.3(1) (12.+47.) mb
s0ln 197.(4) 3.3(2)x10°% 4.07(2)
13[n 4.29(5) (3.1+5.0+3.9) (220.+90.) 5.39(6) (0.48+0.31)
5] 95.71(5) 4.4x10" y (88.+73.+44.) (1.5+1.2+0.7)x10° 4.01(2) (0.69+0.02)
oSn 0.61(3) 8.(2) 6.225(2)
ngn 0.97(1) (0.15+0.40) (8.+19.) 0.21(1)
138n 115.1d =~ 9, 210.(50)
14Sn 0.66(1) ~0.12 5.(1) 6.2(3) 134.(3) mb
1580 0.34(1) G, = 0.06 mb 29.(6) 0.34(1)
116Sn 14.54(9) (0.006+0.14,) (0.5+11.) 5.93(5) 91.(2) mb
H7Sn 7.68(7) 1.1(1) 16.(5) 6.48(5) 319.(7) mb
usSn  24.22(9) G, = 4. mb 4.7(5) 6.07(5)  62.(1) mb
19Sn  8.59(4) 2.(1) 2.9(5) 6.12(5)  0.18(1)
120Sn 32.58(9) (0.001+0.13) 1.2(3) 6.49(5) (0.5+36.) mb
1228n 4.63(3) (0.15+0.001) 0.81(4) 5.74(5) (18.+4.) mb
1245 5.79(5) >2.2x10'8 y (0.13+0.004,) (8.0+0.08) 5.97(5) 12.(2) mb
51Sb 5.2(2) 169.(20) 5.57(3)
2Igh  57.21(5) (0.4+5.8) (13.+192.) 571(6)  0.53(2)
1238h  42.79(5) (0.02+0.04-+4.0) (1.4119.) 5.38(7)  0.30(1)
124Gh 60.20 d 17.(3) ~ 8.
JTe 4.2(1) 47.(3) 5.80(3)
120Te 0.09(1) (1.45.) ~ 1. 5.3(5) 0.4(1)
2Te  2.55(12) (0.4+3) (5.+75.) 3.8(2) 295.(3) mb
3Te  0.89(3) >5.3x10 y 370.(40) 4.5(3)x103 - 0.05 0.83(1)
6, = 0.05 mb
124Te 4.74(14) (1.+6.) (1.4+4.) 8.0(1) 155.(2) mb
125Te 7.07(15) 1.1(2) 21.(4) 5.02(8) 431.(4) mb
126Te 18.84(25) (0.12+0.8) (0.6+7.4) 5.56(7) (28.+53.) mb
128Te 31.74(8) 2.2x10%* y (0.03+0.2) (0.2+1.6) 5.89(7) (3.+441.) mb
10Te  34.08(62) 8.X10% y (0.01+0.19) (0.03+0.3) 6.02(7) (4.+11.) mb
=l 6.2(1) 1.5(1)x10? 5.28(2)
125 59.4 d 900.(100) 1.4(2)x10*
1271 100. 6.2(1) 1.5(1)x10? 5.28(2) 0.64(3)
128] 25.00 m 22.(4) ~ 10.
129] 1.7%107 y (20.7+10.3) 36.(4) 0.44(2)
130 12.36 h 18.(3) ~ 8.
131 8.021 d ~ 0.7 8.(4)
L Xe 25.(1) 263.(50) 4.92(3)
124X e 0.0953(27) >10'7y (28.+137.) (0.6+3.0)x10° (0.13+0.51)
125X e 17.1h 6, <0.03
126Xe  0.0890(14) (0.45+3.) (8.+52.) (0.04+0.32)
127X e 36.34 d o, <0.01
128X e 1.910(22) G, = 0.48 RI, = 38.(10) 0.26(1)
129X e 26.40(18) 22.(5) 250.(50) 0.62(2)
130X e 4.071(53) c,, = 0.45 RI, = 16.(4) 0.132(3)
131X e 21.233(62) 90.(10) 9.(1)x10? 0.45(8)
132X e 26.9087(680) (0.05+0.4) (0.9+3.7) (5.+60.) mb
133X e 5.243 d 190.(90)
134X e 10.436(29) >1.1x10% y (0.003 + 0.26) 0.40(4) 20.(2) mb
135X e 9.10 h 2.65(11)x10° 7.6(5)x10%



*Extrapolated value.

11-192 Neutron Scattering and Absorption Properties
Elem. or Natural Thermal Neut. Cross-Section Resonance Integral Coh. Scat. o (30 keV) Maxw.
Isot. Abundance (%) Half-Life (barns) (barns) Length (fm) Avg. (barns)
136X e 8.858(33) >8x10% y 0.26(2) 0.7(2) 0.9(1) mb
Cs 30.4(8) 422.(50) 5.42(2)
132Cs 6.48 d 6, <0.15
135Cs 100. (2.7+27.3) (32.+360.) 5.42(2) (0.04+0.47)
134Csg 2.065y 140.(10) 54.(9)
135Cs 2.3x10°0 y 8.3(3) 38.(3)
137Cs 302y (0.20+0.07) 0.36(7)
Ba 1.3(2) 10.(2) 5.07(3)
130Ba  0.106(1) 2.2x10% y (1.48.) (25.+200.) - 3.6(6) 0.76(11)
132Ba 0.101(1) 1.3x10%! y (0.84+9.7) (4.7+24.) 7.8(3) 0.6(1)
133Ba 10.53 y 4.(1) 85.(30)
134Bg 2.417(18) (0.1+1.3) (5.6+18.) 5.7(1) 0.18(1)
135Ba 6.592(12) (0.014+5.8) (0.47+131.) 4.7(1) 0.46(2)
6By 7.854(24) (0.010+0.44) (0.1+1.5) 491(8)  61.(2) mb
37Ba 11.232(24) 5.(1) 4.(1) 6.8(1) 76.(3) mb
138Ba 71.698(42) 0.41(2) 0.4(1) 4.84(8) 4.0(2) mb
139Ba 1.396 h 5.(1) 2.2(5)
140Ba 12.75d 1.6(3) 14.(1)
La 9.2(2) 12.(1) 8.24(4)
3L 0.090(1) 1.06x10M y 57.(6) 4.1(9)x102
1390 99.910(1) 9.2(2) 12.(1) 8.24(4)  38.3) mb
140La 1.678 d 2.7(3) 69.(4)
<Ce 0.64(4) 0.71(6) 4.84(2)
136Ce 0.185(2) (1.0+6.5) 58.(12) 5.80(9) (0.028+0.3)
138Ce 0.251(2) (0.025+1.0) (1.5+5.2) 6.70(9) 179.(5) mb
WCe  88.450(51) 0.58(4) 0.50(5) 4.84(9)  11.0(4) mb
11Ce 32.50 d 29.(3) 13.(2)
192Ce 11.114(51) >1.6x10"7 y 0.97(3) 1.3(3) 4.75(9) 28.(1) mb
145Ce 1.38d 6.1(7) 2.7(3)
144Ce 284.6 d 1.0(1) 2.6(3)
Pr 11.5(4) 14.03) 4.58(5)
wipr 100 (4.47.5) 14.(3) 458(5)  111.(2) mb
12py 19.12 h 20.(3) 9.(1)
145py 13.57 d 90.(10) 190.(25)
oNd 51.(2) 49.(5) 7.69(5)
142N d 27.2(5) 19.(1) 34.(11) 7.7(3) 35.(1) mb
143Nd 12.2(2) 330.(10) 128.(30) 0.24(1)
G, =17. mb
wNd  23.8(3) 2.1x101 y 3.6(3) 3.9(5) 2.8(3) 81.(2) mb
45Nd 8.3(1) 47.(6) 260.(40) 0.42(1)
G, = 12. ub
146N d 17.2(3) 1.5(2) 3.0(4) 8.7(2) 91.(1) mb
147Nd 10.98 d 440.(150) 200.
usNd  5.7(1) 2.4(1) 13.(2) 7(3) 147.(2) mb
5Nd  5.6(2) ~1x10Y y 1.0(1) 14.(2) 5.3(2) 0.16(1)
aPm
146Pm 553y 8.4(1.7)x10°
147Pm 2.623y (84.+96.) (1000.+1280.) 12.6(4) 2.(1)
148mPm 41.3d 10600.(800)
148Pm 5.37d ~ 103 2.6(2.4)x10°
19py 2212d 1400.(200)
151Pm 1.183 d ~ 150.
@Sm 5.6(1)x10? 1.4(2)x103
144G m 3.07(7) 1.6(1) 2.4(3) 92.(6) mb
145Sm 340. d 280.(20) 600.(90)
wWSm  14.99(18) 1.06x10' y 56.(4), 6, = 0.6 mb 710.(50) 14.(3) 0.97(1)
usgm  11.24(10) 7x1015 y 2.4(6) 27.(14) 241.(2) mb
149G m 13.82(7) 10y 4.01(6)x10% o, = 31. mb 3.1(5)x10% 1.82(2)



Neutron Scattering and Absorption Properties 11-193
Elem. or Natural Thermal Neut. Cross-Section Resonance Integral Coh. Scat. o (30 keV) Maxw.
Isot. Abundance (%) Half-Life (barns) (barns) Length (fm) Avg. (barns)
150Sm 7.38(1) 102.(5) 290.(30) 14.(3) 422.(4) mb
1519 m 90. y 1.52(3)x10* 3520.(60) 2.(1)
1529m  26.75(16) 206.(15) 3.0(3)x10° - 5.0(6) 473.(4) mb
153Sm 1.929d 420.(180)
154Sm 22.75(29) 7.5(3) 32.(6) 9.(1) 0.21(1)
6EU 4570.(100) 3.8(5)x10° 5.3(3)
BIEy  47.81(6) (4.+3150.+6000.) (2.+4.)x10° (1.6+2.2)
G, = 8.7(3) ub
152mlEy 9.30 h 6.8(15)x10* < 10°
152Eu 135y 1.1(2)x10* 1.6(2)x103 5.(2)
15Eu 52.19(6) 300.(20), 6, <1. ub 1.8(4)x103 8.2(1) 2.8(1)
154Ey 8.59y 1.5(3)x103 1.6(2)x10? 4.4(7)
155Eu 476y 3.9(2)x10° 1.6(2)x10* 1.3(1)
wuGd 48.8(6)x103 400.(10) 9.5(2)
148Gd 75.y 1.40(14)x10*
152Gd 0.20(1) 1.1x10"y 700.(200), 6, <7. mb 700.(200) 1.05(2)
153Gd 240. d 2.(1)x10% o, = 0.03
154Gd 2.18(3) (0.035+60.) 230.(50) 1.03(1)
155Gd 14.80(12) 61.(1)x10% o, = .08 mb 1540.(100) 2.65(3)
156Gd  20.47(9) ~20 104.(15) 6.3(4) 615.(5) mb
157Gd 15.65(2) 2.54(3)x10°, 6, <0.05 800.(100) 1.37(2)
158G d 24.84(7) 2.3(3) 73.(7) 9.(2) 324.(3) mb
100G d 21.86(19) >1.9x10" y 1.5(7) 6.(1) 9.15(5) 0.15(2)
161Gd 3.66 m 2.0(6)x10*
e Ib 23.2(5) 420.(50) 7.34(2)
159Th  100. 23.2(5) 420.(50) 7.34(2) 1.6(2)
160Th 72.3d 570.(110)
DY 9.5(2)x10? 1.5(2)x103 16.9(3)
156Dy 0.056(3) 33.(3), 6, < 9. mb 1000.(100) 1.6(2)
158Dy 0.095(3) 43.(6), 6, < 6. mb 120.(10) 6.1(5) 0.8(2)
159Dy 144. d 8.(2)x10°
WDy 2.39(18) 60.(10), o, < 0.3 mb 1100.(200) 6.7(4) 0.89(1)
11Dy 18.889(42) 600.(50), 6, < 1. ub 1100.(100) 10.3(4) 1.96(2)
102Dy 25.475(36) 170.(20) 2755.(300) - 1.4(5) 446.(4) mb
163Dy 24.896(42) 120.(10), o, < 20. ub 1600.(400) 5.0(4) 1.11(1)
164Dy 28.260(54) (1.7+1.0)x10° (4.+2.)x10? 49.4(2) 212.(3) mb
165mDy 1.26 m 2.0(6)x10?
16Dy 2.33 h 3.5(3)x10° 2.2(3)x10*
& Ho 61.(2) 670.(40) 8.01(8)
163Ho 4.57x10% y (0.4+1.7)
16Ho 100. (3.1+58.), 6, < 20. ub (?+670.) 8.01(8) (0.8+0.5)
166mH o 1.2x10° y 3.1(8)x10° 10.(3)x10?
6sET 1.5(2)x10? 730.(10) 7.79(2)
2Er  0.139(5) 19.3), 6, < 11. mb 480.(50) 8.8(2) 1.6(1)
Er  1.601(3) 13.(3), 6, < 1.2 mb 105.(10) 8.2(2) 1.08(5)
166 33.503(36) (3.414.), 6, < 70. ub 96.(12) 10.6(2) 0.56(6)
167Er 22.869(9) 6.5(8)x10? o, = 3. ub 2970.(70) 3.0(3) 1.4(2)
168E 26.978(18) 2.3(3), 6, = 0.09 mb 37.(5) 7.4(4) 0.34(4)
WEr  14.910(36) 8.(2) 26.(4) 9.6(5) 0.17(1)
71y 7.52 h 370.(40) 170.(20)
»Tm 108.(4) 1.5(2)x10° 7.07(3)
19Tm 100 (8.+100.) 1.5(2)x103 7.07(3) 1.13(6)
170Tm 128.6 d 100.(20) 460.(50)
71Tm 192y ~ 160. 118.(6)
0Yb 52.(10) 1.7(2)x10? 12.43(3)
168Yh  0.13(1) 2.4(2)x10% o, < 0.1 mb 2.0(5)x10* 4.07(2)  0.7(4)
169y 32.02 d 3.6(3)x10° 5200.(500)
170Yh 3.04(15) 12.(2), o, < 10. ub 320.(30) 6.8(1) 0.77(1)

*Extrapolated value.



11-194 Neutron Scattering and Absorption Properties
Elem. or Natural Thermal Neut. Cross-Section Resonance Integral Coh. Scat. o (30 keV) Maxw.
Isot. Abundance (%) Half-Life (barns) (barns) Length (fm) Avg. (barns)
7Yh  14.28(57) 53.(5), 6, < 1.5 ub 315.(30) 9.7(1) 1.21(1)
172Yh  21.83(67) ~13,06, <L b 25.(3) 9.4(1) 0.34(1)
YL 16.13(27) 16.(2), 6, < L. b 380.(30) 9.56(7)  0.75(1)
174Yh 31.83(92) (46.+17.), 6, < 0.02 mb (13.+16.) 19.3(1) 151.(2) mb
176Yb 12.76(41) 3.1(2), o, < 1. ub 8.(2) 8.7(1) 116.(2) mb
»Lu 78.(7) 8.3(7)x10? 7.21(3)
USLu 97.41(2) (16.+8.) (550.+270.) 7.24(3)  (1.04+0.11)
ULy 2.59(2) 3.73x1010 y (2.4+2100.) (3.4930.) 6.1(2) 1.53(7)
177m] 160.7 d 3.2(3) 14(2)
77Lu 6.65 d 1000.(300)
»Hf 106.(3) 19.7(5)x10? 7.8(1)
174Hf 0.16(1) 2.0x10% y 600.(50) 400.(50) 11.(1) 0.8(2)
176Hf 5.26(7) 23.(4) 700.(100) 6.6(2) 0.46(2)
77HE  18.60(9) (1.+375.), 6, < 20. pb 7170.(200) 1.5(1)
178m2Hf 31y G, = 45.(5) RI,, = 8(1)x10?
178Hf 27.28(7) (54.+32.) (0.9+1.0)x10° 5.9(2) 0.31(1)
179Hf 13.62(2) (0.43+46.) (6.8+620.) 7.5(2) (0.01+0.95)
180Hf 35.08(16) 13.0(5), o, < 13. ub 32.(1) 13.2(3) 179.(5) mb
I8IHf 424 d 30.(25)
Ta 20.(1) 650(20.) 6.91(7)
179Ta 1.8y 9.3(6)x10? 1.22(7)x10°
180mTg 0.012(2) > 1.2x10% y ~ 560. 1350.(100)
181 99.988(2) (0.012 + 20.), 6, <1. ub (0.4+650.) 6.91(7) 0.77(2)
182 114.43 d 8200.(600) 900.(90)
W 18.(1) 3.6(3)x10? 4.86(2)
sy 0.12(1) 7.4x101 y ~ 4. 210.(30) 0.54(6)
B2y 26.50(16) 8.3x101 y 20.(1) 600.(90) 6.97(4)  274.(8) mb
183\K/ 14.31(4) 1.9x10% y 10.5(3) 340.(50) 6.53(4) 0.52(2)
184X/ 30.64(2) 4.0x10"8 y (0.002 + 2.0) 15.(2) 7.48(6) 0.22(1)
185\ 74.8 d ~ 3.3 300.(50)
186\K7 28.43(19) 6.5x10'8 y 37.(2) 510.(50) -0.72(4) 176.(5) mb
187\ 239 h 70.(10) 2760.(550)
188\K/ 69.78 h 12.(1)
,:Re 90.(4) 8.4(2)x10? 9.2(3)
185Re 37.40(2) (0.33+110.) 1700.(50) 9.0(3) 1.54(6)
187Re 62.60(2) 4.2x10%y (2.+72.) (9.+310.) 9.3(3) 1.16(6)
2605 17.(1) 1.5(1)x10? 10.7(2)
1805 0.02(1) >5.6x101 y 3.3(3)x10%, o, <10. mb 1.4(1)x10° 0.4(2)
186Qg 1.59(3) 2.xX10% y ~ 80., 6, < 0.1 mb 3.8(9)x10? 12(2) 0.42(2)
187Qs 1.96(2) 2.(1)x10? o, < 0.1 mb 5.0(7)x10? 0.90(3)
188Qg 13.24(8) ~ 5., 6, < 30. ub 1.5(2)x10? 7.6(3) 0.40(2)
1890s 16.15(5) (0.00026+40.),6,<10. ub (0.013+670.) 10.7(3) 1.17(5)
1905 26.26(2) (9.+4.), 6, < 20. pb (22.48.) 11.0(3) 0.30(5)
110g 154 d 3.8(6)x102 1.7(3)x10?
19205 40.78(19) 3.(1), 6, < 10. ub 7.(1) 11.5(4) 0.31(5)
1930s 30.5 h 2.5(5)x10? 1.1(2)x10?
A 4.2(1)x102 2.8(4)x10° 10.6(3)
91y 37.3(2) (0.14+660.+260.) (1.0+4.2)x10° 1.35(4)
192] 73.83 d 1.4(3)x10? 4.8(7)x10?
B 62.7(2) (0.04+6.+109.) 1.4(2)x10° 0.99(7)
194]p 19.3 h 1.6(3)x10° 7.(2)x10?
,sPt 10.(1) 1.3(1)x10? 9.60(1)
190pt 0.014(1) 4.5x10M y 1.5(1)x10% o, < 8. mb 70.(10) 9.(1) 0.7(2)
192pg 0.782(7) (2.0+6.), 6, < 0.2 mb 115.(20) 9.9(5) 0.6(1)
194pt 32.967(99) (0.1+1.1), 6, < 5. ub (4.+?) 10.55(8) (0.03+0.34)
5Pt 33.832(10) 28.(1), 6, < 5. pb 365.(50) 8.8(1) 0.9(2)
196pt 25.242(41) (0.045+0.55) 7.(2) 9.89(8) (0.01+0.19)
198pt 7.163(55) (0.3+3.1) (5.+53.) 7.8(1) (3.+79.) mb

*Extrapolated value.



Neutron Scattering and Absorption Properties 11-195
Elem. or Natural Thermal Neut. Cross-Section Resonance Integral Coh. Scat. o (30 keV) Maxw.
Isot. Abundance (%) Half-Life (barns) (barns) Length (fm) Avg. (barns)
199pt 30.8 m ~ 15. ~7.
oAl 98.7(1) 1.55(3)x10° 7.63(6)
97Au  100. g = 98.7(1) RIL,,, = 1.55(3)x10° 7.63(6)  582.(9) mb
G, ~8.(2) mb RI, = 0.06(2)
198 Au 2.695d 26.5(15)x10° ~ 4.X10*
1940 3.14 d ~ 30.
woHg 3.7(1)x102 87.(5) 12.69(2)
WeHg  0.15(1) >2.5x10'8 y (105.4+3000.) (53.+410.) 30.(1) 0.4(2)
Hg  9.97(8) (0.017+2.) (1.7+70.) 0.17(2)
1%Hg 16.87(10) 2.1(2)x10° 435(20) 16.9(4) 0.37(2)
20Hg 23.10(16) ~ 1. 2.1(5) 0.12(1)
W Hg 13.18(8) ~ 8. 30.(3) 0.26(1)
202Hg 29.86(20) 4.9(5) 4.5(2) 11.(1) 74.(6) mb
2MHg  6.87(4) 0.4(1) 0.8(2) 42.(4) mb
o1l 3.3(1) 12.5(8) 8.776(5)
20377 29.524(14) 11.(1), 0, < 0.3 mb 41.(2) 7.0(2) 124.(8) mb
204T] 378y 22.(2) 90.(20) 0.14(5)
05T 70.476(14) 0.11(2) 0.6(2) 9.52(7)  54.(4) mb
oPb 0.172(2) 0.14(4) 9.402(2)
0Pl 1.4(1) 0.68(7) 2.0(2) 10.9(1) 90.(6) mb
205Ph 1.51x107 y =~ 5, ~ 2. 0.06(1)
206Ph 24.1(1) 0.027(1) 0.10(1) 9.23(5) 16.(1) mb
207Ph 22.1(1) 0.61(3) 0.38(1) 9.28(2) 10.(1) mb
208ph 52.4(1) >2x107 y 0.23(1) mb, 6, < 8. ub 2.0(2) mb 9.50(3) 0.36(4) mb
210phy 226y <05
Bl 0.034(1) 0.19(2) 8.532(2)
209Bj 100. (11.423.) mb,5,<0.3 ub 0.19(2) 8.532(2) 2.7(5) mb
210mBj 3.0x10°¢ y 54.(4) mb 0.20(3)
)
210po 1384 d 6,,<0.5 mb, 6, < 2. mb
6,<30. mb, 6< 0.1
ssAt
skl
220Rn 55.6 s <0.2
22Rn 3.823d 0.74(5)
ssRa
23Ra 1143 d 1.3(2)x10% o< 0.7
224Ra 3.66 d 12.0(5)
226Ra 1599.y ~ 13, 0< 7. ub 280.(50) 10.(1)
228Ra 5.76 y 36.(5), o< 2.
goAC
27A¢ 2177y 8.8(7)x102, o< 0.35 mb 1.5(4)x10
oTh 7.4 85.(3) 10.31(3)
27Th 18.72 d O;_2.0(2)x10?
228Th 1913y 1.2(2)x10?% 6<0.3 1014.(400)
229Th 7.9x10% y ~ 60. 1.0(2)x103
c;_30.(3) RI; = 466.(75)
280Th 7.54x10* y 23.4(5) 1.0(1)x10?
o;< 0.5 mb
22Th 100. 1.40x10 y 7.37(4) 85.(3) 10.31(3)
G¢_3.(1) ub
6, < 1. ub
2335Th 223 m 1.5(1)x10 4.(1)x10?
6,_15.(2)
84T 24.10 d 1.8(5)
6,< 0.01

*Extrapolated value.



11-196 Neutron Scattering and Absorption Properties
Elem. or Natural Thermal Neut. Cross-Section Resonance Integral Coh. Scat. o (30 keV) Maxw.
Isot. Abundance (%) Half-Life (barns) (barns) Length (fm) Avg. (barns)
aPa
230y 174 d 1.5(3)x10°
21Pa 3.25x10*y 2.0(1)x10? 750.(80) 9.1(3)
6,.20.(1) mb RI, = 0.05(1)
232Pa 1.31d 4.6(10)x10? 300.(70)
;. 1.5(5)x10? RI; = 1.0(1)x10?
233py 27.0d 39.(2) (460.+440.)
G, _20.(4)
c,_19.(3)
o;< 0.1
U 34(3); o, = 4.2(1) 280.(20),R], = 2.0 8.417(5)
20y 20.8 d o; ~ 25.
#BIy 42d o; ~ 250.
22y 70. y 73.(2) 280.(15)
o, _74.(8) RI, = 350.(30)
237 1.592x10° y 47.(2) 137.(6) 10.1(2)
o, _5.3(1)x10? RI, = 760.(17)
G, < 0.2 mb
24U 0.0054(5) 2.455%x10° y 96.(2) 660.(70) 12.(4)
6,.0.07(2) RL =65
BY0.7204(6) 7.04x108 y 95.(5) 144.(6) 10.47(4)
0,_586.(2) RI, = 275(5)
G, < 0.1 mb
26y 2.342x107 y 5.1(3) 360.(15)
o;< 1.3 mb RI; = 4.38(50)
27U 6.75 d ~ 10? 1200.(200)
6,< 0.35
28U 99.2742(10) 4.47x10%y 2.7(1) 277.(3) 8.402(5)
o~ 3. ub 1.54(15) mb
G, = 1.4(5) ub
239 235 m 22.(2)
6,_15.(3)
osNp
24Np 44d 6. 9.(3)x10?
235Np 1.085y 1.6(1)x10?
236mNp 225 h G;_2.7(2)x10° 7.(4)x10?
26Np 1.55x10° y 6,_3.0(2)x10% 1.35(30)x103
2Np 2.14x106 y 1.7(1)x10? 6.5(3)x102 10.6(1)
6,.20.(1) mb RIL = 4.7
238Np 2.117 d O¢_2.6(3)x10° 1.4(3)x103
29Np 2.355 d (32.419.)
or< 1.
oPu
26py 287y o, 1.6(3)x10? 1000.(60)
27Pu 45.7 d O;_2.3(3)x10°
238Pu 87.7y 5.1(2)x10? 1.6(2)x10? 14.1(5)
6,_17.(1) RI, = 26.(2)
29Pu 2410 x 10*y 2.7(1)x10? 2.0(2)x10? 7.7(1)
o = 752.(3) 3.0(1)x10?
G, < 0.3 mb
240py 6.56x10° y 2.9(1)x102 8.4(3)x10° 3.5(1)
6;~ 59. mb RL =32
24Py 144y 3.7(1)x10?, 6, <0.2 mb 1.6(1)x10?
o; = 1.01(1)x10° 5.7(4)x10?
22py 375x 105y 19.(1) 1.1(1)x10 8.1(1)
6<0.2 RL = 0.23
243Pu 4.956 h <100.

*Extrapolated value.

o = 2.0(2)x10?



Neutron Scattering and Absorption Properties 11-197
Elem. or Natural Thermal Neut. Cross-Section Resonance Integral Coh. Scat. o (30 keV) Maxw.
Isot. Abundance (%) Half-Life (barns) (barns) Length (fm) Avg. (barns)
24py 8.00x107 y 1.7(1) 41.(3)
245Dy 10.5 h 1.5(3)x10? 220.(40)
oA
2Am 432.7y (0.6+6.4)x10? (1.+14.)x10?
o, = 3.15(10) 14.(1)
22mAm 141.y 1.7(4)x103 ~ 200.
o; = 5.9(3)x10° RI = 1.8(1)x10°
22Am 16.02 h o; = 2.1(2)x10° RI; = < 300.
3.3(5)x10? ~ 1.5x10?
28Am 7.37x10% y (75.+5.) (17.1+1.0)x10? 8.3(2)
o = 79.(2) mb RI, = 0.056
244mAm ~ 26. m o; = 1.6(3)x10°
2MAm 101 h o, = 2.2(3)x10°
06Cm
22Cm 162.8 d =~ 20. 120.(50)
O~ 5.
283Cm 291y 1.3(1)x10? 214.(20)
o = 6.2(2)x10? RI; = 1.6(1)x10°
24Cm 181y 15.(1) 640.(50) 9.5(3)
o, = 1.1(2) RI = 10.8(8)
245Cm 8.48x10°% y 3.5(2)x10? 110.(10)
o = 2.1(1)x10 RI, = 8.(1)x102
246Cm 4.76x10% y 1.2(2) 120.(10) 9.3(2)
o, = 0.16(7) 13.(2)
27Cm 1.56x107 y 60.(30) 5.(1)x10?
o, = 82.(5) 7.3(7)x102
248Cm 3.48x10° y 2.6(3) 270.(30) 7.7(2)
o, = 0.36(7) 13.(2)
29Cm 64.15 m ~ 1.6
250Cm ~ 9.7x10° y ~ 80.
o7Bk
2Bk 320. d 7.(1)x10? 9.(1)x10?
o, ~ 0.1
250Bk 3217 h o = 1.0(2)x10%
0sCE
29Ct 351y 5.0(3)x10? 7.7(4)x10?
o = 1.7(1)x10° RI, = 2.1(3)x10°
250Cf 131y 2.0(2)x10° 12.(2)x10°
o, = 110.(90) RI, = 160.(40)
2I1CE 9.0x10% y 2.9(2)x10% 1.6(1)x103
o, = 4.5(5)x10% RI, = 5.5(3)x10°
252Cf 2.65y 20.(2) 43.(3)
o, = 32.(4) RI, = 1.1(3)x10?
253Cf 17.8d 18.(2) 8.(1)
o; = 1.3(2)x10°
24Cf 60.5 d 4.5(10) 2.
ooEs
253Eg 20.47 d (180.+5.8) (37.5+1.1)x10?
254mEg 1.64d o, = 1.8(1)x10°
24Eg 276. d 28.(3) 18.(2)
o, = 1.8(2)x10° RI, = 1.2(3)x10°
255Es 40. d ~ 55.
100FM
255Fm 20.1 h 26.(3) 14.(2)
o; = 3.3(2)x10°
257Fm 100.5 d o, = 3.0(2)x10

*Extrapolated value.





