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NEUTRON-CAPTURE GAMMA-RAY DATA FOR OBTAINING ELEMENTAL ABUNDANCES FROM
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Introduction: Determination of elemental abun-
dances is a top scientific priority of most planetary
missions. Gamma-ray spectroscopy is an excellent
method to determine elemental abundances using
gamma rays made by nuclear reactions induced by
cosmic-ray particles and by the decay of radioactive
nuclides [Re73,Re78]. Many important planetary
gamma rays are made by neutron-capture reactions.
However, much of the data for the energies and inten-
sities of neutron-capture gamma rays in the existing
literature [e.g., Lo81] are poor [RF99,RF00]. With
gamma-ray spectrometers having recently returned
data from Lunar Prospector and NEAR and soon to be
launch to Mars, there is a need for good data for neu-
tron-capture gamma rays.

New Evaluations and Compilation: The data for
the energies and intensities for gamma rays made by
the capture of thermal neutrons have recently been
compiled and evaluated for all elements up through
zinc [RF00]. A detailed paper on these results for
Z=1-30 is being prepared [RFO1]. Similar work was
also done for several other elements of interest to
planetary gamma-ray spectroscopy, including germa-
nium, samarium, and gadolinium. To make these data
available now for the analyses of planetary gamma-ray
spectra, the energies and intensities of major gamma
rays are given here.

Table 1 gives the major gamma rays from these
evaluations. The sources of the adopted gamma rays
for elements up through =zinc are given in
[RFO0,RF01]. Other isotopes and the sources of their
data are Ge-70 [Is91,We72], Ge-73 [Is91], Sm-149
{Sm66] (intensities multiplied by 1.57), Gd-155
[Ba82,KI93], and Gd-157 [He96]. Table 1 only in-
cludes prompt gamma rays made by the (n,y) reaction.
Gamma rays not included are those made by other
neutron-capture reactions, such as the (n,oy) reaction
with B-10 and those made by the decay of neutron-
capture-produced radionuclides, such as Na-24.

Many of these gamma rays will not be useful for
mapping elemental abundances. Some are from ele-
ments with very small cross sections for capturing
thermal neutrons (such as oxygen). Gamma rays with
low energies (below ~1000 keV) will be strongly at-
tenuated by the ~15 g/cm” Martian atmosphere. Some
gamma rays are outside the range of energies typically
detected by planetary gamma-ray spectrometers, which
have lower levels of typically about 200 keV (but ~600
keV for Lunar Prospector) and upper levels usually of
~8-10 MeV.

Summary: Table 1 has the latest data for the
prompt gamma rays made by (n,y) reactions induced

by thermal neutrons. These gamma-ray energies and
intensities can be used to determine elemental abun-
dances from planetary gamma ray spectra. They also
can remove contributions from interference gamma
rays, both from planetary materials (e.g., the gamma
rays of Ca and Ti near 6419 keV) and material in or
near the gamma-ray detector (such as Ge). Similar
compilations are needed for gamma rays from the de-
cay or naturally-occurring radionuclides such as Th
and from inelastic- and nonelastic-scattering reactions.
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Table 1. Energies (keV) and intensities (per 100
captures by that element) of important planetary
thermal-neutron-capture gamma rays made by (n,y)
reactions. Two pair of energies and intensities are
given per line.

Element | Energy ' Intensity | Energy ' Intensity

H 2223.3 1 100. ]
Li 20325 ! 83. !

Be 6809.9 1  66. 33674 1+ 33.

. 8539 ' 235 25900 ' 22.6

B 44440 |  61. 70067 | 52

4711.2 v 239 67383 ' 178

C 49453 | 67. 1261.7 |,  32.
3683.9 1+ 32, '

N 5269.2 : 29.9 5297.8 : 21.2

55334 1 196 18848 + 18.8

6322.4 : 18.2 4508.7 : 16.7

3677.7 , 145 10829.1 , 143
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Table 1, continued. Energies (keV) and intensities Nuclide | Energy ! Intensity | Energy ! Intensity
(per 100 captures by that element) of important Ti 1381.8 , 8. 6760.1 |, 44,
planetary thermal-neutron-capture gamma rays 64184 1 290 3417 v+ 236
made by (n,y) reactions. Two pair of energies and 15859 ' 97 17620 ' 5.1
intensities are given per line. 6555.9 : 4.8 1498.7 : 4.6
: : : : : 48814 ' 43 4966.8 ' 2.74
Nuclide | Energy . Intensity | Energy | Intensity v 1250 , 27.8 65173 | 163
@) 870.7 1+ 100. 1087.9 82. 6457 ' 12.8 7162.8 1 12.6
21845 1 82, f Cr 8349 |, 44. 8884.8 | 244
F 583.6 , 38. 656.0 , 20.8 749.0 1 160 | 7938.6 1 129
6652 ! 157 9835 ' 122 9719.8 ' 8.1 8513.0 ' 74
Ne 2035.6 , 63. 350.7 ,  50. 2391 1 6.1 6645.6 1 5.7
4374.1 1 45, 2793.9 1 215 17847 1 5.5 84850 1 52
Na 4722 | 92 91.0 |, 45. Mn 266 , 36. 839 |, 200
63953 1 19.9 8692 1 196 2120 v 13.0 | 72434 1+ 123
11296 ' 134 | 30540 ' 125 7058.0 ' 11.0 1046 ' 11.0
Mg 39169 |  49. 585.1 ;| 48 Fe 76312 1+ 26.8 | 76456 1 23.1
28282 1 37 1808.7 1 27.1 60184 ' 92 59204 ' 89
1129.6 ! 134 | 30540 ! 125 3524 |, 88 17253 , 5.8
Al 306 1 297 | 77240 1 268 72788 1 5.6 1612.8 1+ 5.0
2960.1 ! 9.6 33039 ! 838 6920 | 44 1221 | 35
3465.1 4 7.0 41334 , 69 | 92978, 35 4218.0 , 35
42595 1 6.8 47339 1 55 Co 589 | 48. 2297 ' 152
Si 3539.0 | 67. 49340 |  62. 2771 | 14.0 556.0 | 12.0
20929 1 185 12733 1 16.0 6877.0 1 8.4 67058 1 7.5
6379.8 ' 10.7 71992 ' 6.68 Ni 8998.4 |  36. 85334 |, 169
P 512.7 1 46. 78.1 1+ 35. 4650 1 164 | 68374 1 95
6367 ' 212 | 38999 ' 17.8 7819.4 ' 89 8780 ! 54
S 841.0 , 65. 54206 , 57 7536.5 , S.1 3394 , 5.1
2379.7 1 43. 32206 ' 232 Cu 79163 + 27.4 2783 1 19.9
29307 ; 163 | 4869.6 ; 12.2 7638.0 | 13.4 1593 | 126
Cl 11649 1 27.1 517.1 1+ 242 73073 174 186.0 1 7.1
61108 ! 205 19511 ' 193 Zn 10773 1 188 | 7863.0 | 167
7884 |, 163 19594 | 125 933 117 | 6959.5 , 7.9
7683 1 105 | 74140 ' 105 Ge 5959 ' 37 867.9 ' 217
7790.3 | 8.3 6619.6 | 7.8 4999 | 113 1749 | 109
Ar 1673 1 74, 47444 1+ 54, 6084 1 82 11013 1 5.7
1186.7 ;  53. 5160 | 2638 Sm 3339 | 94, 4394 |  55.
K 208 1 82 7703 1 4l 7374 1 102 5055 1 102
5379.9 1 75 11589 ! 74 5843 ' 94 7122 ' 4.8
2073.8 , 6.2 1619.0 , 59 Gd 181.9 | 149 795 1 19
Ca 19427 v 82, 6419.6 1 42 944.1 1 7.0 1992 ' 56
44183 | 204 | 2001.8 | 17.6 962.1 |, 44 89.0 , 38
519.7 1+ 124 | 20101 1+ 107 1107.6 1+ 3.7 1186.0 1 3.5
5900.0 ' 7.4 3609.9 ' 7.4 977.1 ' 3. 1187.1 ' 3.1
Sc 2278 | 283 142.5 | 23.0
1470 + 218 2952 1+ 172
2287 | 150 6274 | 102
8175.1 1 10.0 2164 1 10.0




