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The 242Am metastable isomer’s neutron-induced destruction mechanisms were studied at the Los
Alamos Neutron Science Center using the Detector for Advanced Neutron-Capture Experiments
array with a compact parallel-plate avalanche counter. New 242mAm neutron-capture cross sections
were determined from 100 meV to 10 keV, and the absolute scale was set with respect to a concurrent
measurement of the well-known 242mAm neutron-induced-fission cross section. The new fission cross
section spans an energy range from 100 meV to 1 MeV and was normalized to the ENDF/B-VII.1
evaluated cross section to set the absolute scale. Our 242mAm(n,f) cross section agrees well with the
Browne et al. (1984) cross section over this large energy interval. The new neutron-capture cross
section measurement complements and agrees well with our recent results reported below 1 eV in
Buckner et al. (2017). This new work comprises the most comprehensive study of 242mAm(n,γ)
above thermal energy. Neutron-induced resonance energies and parameters were deduced with the
sammy R-matrix code for incident neutron energies up to 45 eV, and the new average Γγ is 13%
higher than the evaluated average γ width.

The metastable isomeric state of 242Am is unique
with attributes that make it suitable for numerous
energy-related applications. With a 141(2) year half-life,
242mAm occupies the 5− excited state, the 48.60(5) keV
energy level, before decaying by isomeric transition to the
1− ground state [1]. The isomer is an attractive nuclear
fuel because it is relatively long-lived with a significantly
longer half-life than the 242Am ground state—16.02(2)
hours [1]. Another appealing quality is that 242mAm has
the highest measured thermal-fission cross section of any
known nucleus [2, 3]; it is nearly an order of magnitude
higher than the 235U and 239Pu cross sections at thermal
energy. A broad, low-lying neutron-induced resonance
at En,R = 178 meV [4] is likely responsible for this ex-
traordinarily high thermal-fission cross section [5]. These
properties, coupled with the fact that 242mAm provides
more prompt-fission neutrons than conventional fuels [6],
increase its appeal. Exotic and exciting applications, in-
cluding a space reactor [7–16], a nuclear engine [17], a
small-core reactor [18, 19], and a fission battery [6, 20–
25], have been proposed that exploit these attributes.
Many of these applications require micrometer-thick de-
posits of 242mAm that enable fission products to be di-
rectly converted to electricity [6, 21, 25]. An impediment
to exploring this technology is the availability of 242mAm,
and the high thermal-fission cross section is an Achilles’
heel that inhibits large-scale production via 241Am neu-
tron capture [26].

The 242mAm neutron-capture cross section also makes
producing large quantities of the isomer challenging,
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and this destruction mechanism competes with neutron-
induced production methods [14]. The 242mAm(n,γ)
cross section also factors into calculations of heavy ac-
tinide concentrations in nuclear fuel [27], nuclear waste
recycling, and isotope production [5, 28, 29]. Recently,
the neutron-capture cross section was directly measured
at the Los Alamos Neutron Science Center (LANSCE)
with the Detector for Advanced Neutron-Capture Exper-
iments (DANCE) by Buckner et al. [30] from thermal to 1
eV. The capture-to-fission ratio was found to be 26(4)%
from thermal to 0.1 eV in this recent study [30]. The
Buckner et al. [30] study comprises the first measure-
ment of the 242mAm neutron-capture cross section above
thermal energy.

The 242mAm neutron-induced fission channel, on the
other hand, has been well studied by accelerator exper-
iments [5, 31–33] and detonations [34, 35]. The Browne
et al. [5] and Fursov et al. [33] data dominate the eval-
uated neutron-induced-fission cross sections due to their
high precisions [36, 37].

The current work is an extension of the Buckner et al.
[30] 242mAm neutron-capture cross section measurement.
New, concurrent measurements of the 242mAm(n,f) and
242mAm(n,γ) cross sections were made at LANSCE using
the DANCE array [38] in combination with a parallel-
plate avalanche counter (PPAC) [39] for fission fragment
detection. In this new study, the neutron-induced-fission
cross section was measured from an incident neutron en-
ergy (En) of 100 meV to 1 MeV, and the neutron-capture
cross section was measured from En = 100 meV to 10
keV. As in the previous study, the 242mAm(n,f) cross
section was normalized to the ENDF/B-VII.1 [37] fission
cross section, and the 242mAm(n,γ) cross section is re-
ported with respect to the measured fission cross section.
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Additionally, the 242mAm neutron-induced resonance en-
ergies (En,R), γ widths (Γγ), neutron widths (Γn), and
fission widths (Γf) for 106 resonances with energies be-
tween 0.15 and 45 eV were extracted using the R-matrix
code sammy [40]. Much of the experiment and analysis
details were covered in Buckner et al. [30]; however, new
experimental efficiencies, neutron-capture resonance pa-
rameters, and neutron-capture cross section results are
reported below.

The DANCE array, 160 equal-volume, equal-solid-
angle BaF2 crystals arranged in a 4π geometry located
at the LANSCE Lujan Neutron Scattering Center [41],
was used in this study to measure 242mAm neutron-
induced cross sections. Measurements were carried out
over 15 days with an 242mAm PPAC target installed
within DANCE. A duplicate PPAC assembly, contain-
ing a blank target, was placed within DANCE to measure
backgrounds induced by scattered neutrons. Background
measurements were fielded over five days and later sub-
tracted from data collected in the inclusive data acquisi-
tion mode (referred to as the inclusive mode in this pa-
per). The americium target was fabricated at Lawrence
Livermore National Laboratory (LLNL) with the elec-
troplating cell described in Ref. [42]. The mass of the
double-sided, electroplated 242mAm target was measured
to be ≈100 µg enriched to 99.1%. The target had an
≈7.6 mm diameter active area, ≈24% smaller than the
target diameter in Ref. [30]. This reduction in the active
area was intended to increase target material exposure
and activation. The 241Am contamination in the sam-
ple was determined by mass spectrometry to be less than
1%.

The PPAC was assembled according to the configura-
tion outlined in Ref. [30], and operated under the same
pressure and voltage conditions. However, one major
change was that higher purity, 99.99%, isobutane was
used. Also, in another departure from the operating
conditions reported in Ref. [30], the pulse height digi-
tizer threshold for fission events was lowered to 50 mV
in this new study. The high-purity isobutane and the
lower pulse-height threshold increased the efficiency of
the PPAC and removed the time-dependent efficiency
degradation observed during the Buckner et al. [30] mea-
surement.

The PPAC efficiency is related to the PPAC−DANCE
coincidence condition and is a key quantity required to
determine the fission cross section. The neutron-capture
cross section, on the other hand, depends upon the total
γ-ray energy (Esum) spectrum and the cluster multiplic-
ity (Mcl) measured by the DANCE array in the inclu-
sive mode. To optimize the true-to-background ratio and
improve the precision of the measurement, appropriate
gates were set on these quantities, and detector efficien-
cies related to these gates were required to determine the
cross section. Efficiencies for both the PPAC (ε

PPAC
) and

DANCE (ε
DANCE

) are summarized here, and the proce-
dure for determining detector efficiencies is provided by
Buckner et al. [30] in more detail.
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FIG. 1. (Color) The characteristic neutron-capture reaction
channel Esum, shown in orange, after the subtraction of the fis-
sion (blue), presampled (green), and environmental (purple)
spectra from the inclusive (dashed red) Esum. The spectra
for the incident neutron energy bin 0.1−1 eV, with cluster
multiplicities 4 and 5, are shown. Negative values and Esum

uncertainties are not shown in this figure to make it easier to
distinguish between subtraction components.

An ≈1.7 ns timing resolution was observed in the
PPAC−DANCE coincident timing spectrum, and a 6-
ns coincidence gate was set around the timing peak. The
weighted mean of PPAC efficiencies over several incident
neutron energy bins was determined to be 52.8(7)%, and
this value is a factor of ≈1.6 higher than the PPAC ef-
ficiency in Ref. [30]. Following the time-alignment and
energy calibration procedure outlined in Buckner et al.
[30], DANCE γ-ray energies were summed over a narrow,
6-ns coincident time window. As in Ref. [30], the Esum

efficiency is the ratio between the peak area (5.0−6.0
MeV in this case) and the total area of the characteris-
tic neutron-capture Esum spectrum. Figure 1 shows the
neutron-capture Esum in orange over the incident neutron
energy bin En = 0.1 to 1 eV and cluster multiplicities Mcl

= (4,5). In the figure, the blue spectrum represents the
fission component (scaled by the PPAC efficiency), the
green spectrum is the presampled background (see Refs.
[30, 43]), and the purple spectrum is the environmental
background. These three spectra were subtracted from
the inclusive Esum (dashed red) to reveal the character-
istic 242mAm neutron-capture signature identified by its
6364.9 ± 1.4 keV neutron separation energy [44]. The
weighted mean of Esum efficiencies over several incident
neutron energy bins was found to be 35(4)% for cluster
multiplicities Mcl = (4,5). The multiplicity efficiency was
then calculated for different incident neutron energy bins
below 10 eV, and the weighted mean, 30.4(15)%, was
adopted as the detector multiplicity efficiency for Mcl =
(4,5). The DANCE array efficiency is the product of the
Mcl and Esum efficiencies, and for Mcl = (4,5), ε

DANCE

= 10.7(14)% in this study and is consistent with the effi-
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ciency derived in Ref. [30]. The observation made in Ref.
[30], that values determined with respect to Mcl = (4,5)
were more reliable, was confirmed in this new study, and
as a result, the Mcl = (4,5) DANCE efficiency was used
to evaluate the 242mAm(n,γ) cross section.

Figure 2 shows the data quality for different incident
neutron energy bins spanning En = 1 eV to 1 keV with
cluster multiplicities Mcl = (4,5). The data quality dete-
riorated for the 242mAm(n,γ) reaction as incident neutron
energies exceeded 100 eV, and it is clear from Fig. 2c that
it becomes challenging to isolate the (n,γ) signal after ex-
cluding the background contributions. In the figure, the
inclusive Esum (red) and the scaled fission (blue), pre-
sampled (green), and environmental (purple) background
spectra are shown.

Corrections, with respect to the detector efficiencies,
to the capture and fission data are necessary before cross
sections can be determined. The absolute scale of the
242mAm(n,f) cross section was set by normalizing the rel-
ative cross section to the evaluated cross section [37] over
En = 100 meV to 50 eV. The new absolute fission cross
section (open black circles) is shown in Fig. 3 alongside
the Browne et al. [5] neutron-induced-fission cross sec-
tion (filled red squares). Note that the Browne et al.
[5] data dominate the evaluated cross section [36, 37].
Also, note that Fig. 3 includes the 5% systematic un-
certainty on the data from Ref. [5]. The new measure-
ment agrees well with the literature value up to En ≈
1 MeV. The neutron-induced reaction cross sections, in-
cluding the fission channel, were excluded at 300 keV and
above 25 keV due to the significant neutron flux loss from
neutron-induced reactions on aluminum and manganese
in the entrance window. The absolute neutron-capture
cross section was extracted with respect to the new ab-
solute fission cross section and is plotted alongside the
fission cross sections in Fig. 3 from 100 meV to 10 keV
(filled blue circles). The capture cross sections from ther-
mal energy to 0.1 eV reported by Buckner et al. [30] (open
black triangles) are included in Fig. 3a.

In addition to the measured cross sections, the 242mAm
neutron-induced resonance energies as well as neutron,
fission, and γ widths for 106 resonances with energies
between 0.15 and 45 eV were determined with the R-
matrix code sammy [40]. The initial conditions of the R-
matrix calculation, including spins and parities, were set
according to ENDF/B-VII.1 [37]. Using the new data, a
sequence of R-matrix calculations was performed for the
fission and capture cross sections, and this sequence was
iterated to converge upon final widths based on the data.
Resonance energies and widths based on both our new
neutron-capture and neutron-induced-fission cross sec-
tions along with the parameters reported by ENDF/B-
VII.1 [37] are tabulated in Table I. The average Γγ for res-
onance energies within the range 0.15−45 eV was found
to be 56.5 meV and this is ≈13% higher than the average
estimated by ENDF/B-VII.1 [37]. Uncertainties quoted
in Tab. I are statistical. Note that a few pairs of adja-
cent resonances in Tab. I have swapped parameters with
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FIG. 2. (Color) The data quality for the 242mAm(n,γ) reac-
tion channel (orange) after fission (blue), presampled (green),
and environmental (purple) background subtraction from the
inclusive (red) spectrum. Incident neutron energy bins (a)
1−10 eV, (b) 10−100 eV, and (c) En = 100−1000 eV with
cluster multiplicities 4 and 5 are shown. Negative values and
Esum uncertainties are not shown here to allow the subtrac-
tion components to be easily distinguished but are included
in the final analysis.

respect to the evaluation [37] due to the finite neutron
energy resolution of the measured cross sections.
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FIG. 3. (Color) The current 242mAm(n,γ) cross section
(filled blue circles) and the 242mAm(n,f) cross section (open
black circles) are plotted alongside the Browne et al. [5] (red
squares) data for incident neutron energy ranges of (a) 10
meV to 2 eV, (b) 1 eV to 300 eV, and (c) 300 eV to 1
MeV. The neutron-capture cross sections < 100 meV from
Buckner et al. [30] (open black triangles), are included in (a).
The fission cross section between 1−20 keV trends lower than
Browne et al. [5] by ≈20%, but all reported values are within
1.5 standard deviations of the previous measurement. Ex-
cluded cross sections at ≈300 eV and ≈25 keV coincide with
aluminum resonances.

Neutron-induced reactions on 242mAm were studied
with the DANCE array in conjunction with a compact
PPAC for fission-fragment detection at the LANSCE Lu-
jan Neutron Scattering Center. A new 242mAm(n,f) cross
section was derived for En from 100 meV to 1 MeV and
agrees well with previous measurements. A new absolute
242mAm(n,γ) cross section was obtained, for En from 100
meV to 10 keV, with respect to the new fission cross
section. These results represent the most comprehensive
direct measurement of the 242mAm(n,γ) reaction above
thermal energy and complement our previous results be-
low 1 eV reported in Buckner et al. [30].

TABLE I: Comparison between the current 242mAm(n,γ) and
242mAm(n,f) resonance parameters determined from the mea-
sured cross sections and the R-matrix code sammy [40] alongside
the resonance energies and widths reported in ENDF/B-VII.1
[37]. Statistical uncertainties are quoted in the table. Note, in
ENDF/B-VII.1 [37], the γ width for each resonance is 50 meV.

En,R (eV) Γγ (meV) Γn (meV) Γf (meV)

Present Ref.[37] Present Present Ref.[37] Present Ref.[37]

0.1778(2) 0.178 51.2(4) 0.2067(9) 0.1944 250.7(11) 244.5

0.6153(12) 0.615 56.0(12) 0.123(3) 0.111 196(4) 184

1.117(7) 1.10 132(5) 0.375(11) 0.424 770(20) 999

1.687(6) 1.71 66(4) 0.061(4) 0.050 233(13) 221

2.109(4) 2.11 81(3) 0.216(6) 0.181 345(10) 326

2.902(11) 2.95 66(5) 0.082(7) 0.082 220(16) 237

3.164(8) 3.18 56(3) 0.290(16) 0.273 299(14) 310

3.402(8) 3.39 59(4) 0.249(17) 0.242 262(14) 267

3.999(6) 4.013 57(3) 0.290(14) 0.266 232(11) 220

4.275(7) 4.27 60(4) 0.266(16) 0.234 213(12) 215

4.61(3) 4.55 67(5) 0.212(16) 0.231 490(40) 600

5.340(9) 5.37 82(4) 0.53(2) 0.53 361(18) 442

5.64(4) 5.7 50(5) 0.0478(5) 0.0468 186(17) 184

5.922(10) 5.95 63(4) 0.393(19) 0.356 302(17) 307

6.15(3) 6.15 55(5) 0.087(8) 0.081 210(20) 246

6.628(8) 6.65 56(4) 0.244(11) 0.214 220(14) 202

6.919(16) 6.84 45(5) 0.039(4) 0.038 78(7) 70

7.09(3) 7 51(5) 0.038(4) 0.036 111(11) 111

7.32(3) 7.21 62(5) 0.105(8) 0.104 320(30) 354

8.03(2) 8.07 74(6) 0.149(11) 0.131 310(30) 471

8.50(7) 8.6 57(5) 0.081(7) 0.073 400(40) 500

9.02(3) 9.03 72(6) 0.42(2) 0.41 640(50) 850

9.38(4) 9.43 58(5) 0.067(6) 0.057 125(13) 147

9.87(5) 9.88 60(5) 0.181(14) 0.159 460(40) 575

10.30(9) 10.3 52(5) 0.0146(14) 0.0138 84(9) 89

10.52(6) 10.62 56(5) 0.138(12) 0.124 340(30) 400

10.82(6) 10.87 54(5) 0.079(7) 0.073 166(15) 172

11.14(7) 11.25 54(5) 0.101(9) 0.095 360(40) 400

11.33(6) 11.43 57(5) 0.157(14) 0.137 230(20) 274

11.64(6) 11.79 53(5) 0.040(4) 0.038 96(10) 102

11.87(3) 11.92 63(5) 0.42(3) 0.36 320(30) 397

12.571(14) 12.62 66(5) 0.92(6) 0.81 290(20) 343

12.98(5) 13.04 58(5) 0.47(4) 0.43 250(20) 300

13.416(16) 13.41 64(5) 0.91(5) 0.86 320(30) 400

13.89(6) 13.9 55(5) 0.21(2) 0.21 260(30) 280

14.37(5) 14.42 60(5) 0.43(3) 0.40 390(40) 517

14.72(3) 14.68 60(5) 0.37(3) 0.33 360(40) 447

15.22(5) 15.15 52(5) 0.047(4) 0.045 68(7) 70

15.64(5) 15.67 60(5) 0.80(6) 0.79 520(40) 596

16.17(9) 16.06 50(5) 0.073(7) 0.072 160(16) 159
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TABLE I – continued

En,R (eV) Γγ (meV) Γn (meV) Γf (meV)

Present Ref.[37] Present Present Ref.[37] Present Ref.[37]

16.34(8) 16.48 55(5) 0.62(5) 0.61 550(50) 601

16.90(3) 16.92 64(5) 1.07(7) 0.99 490(50) 649

17.56(13) 17.5 56(5) 0.34(3) 0.31 340(40) 417

17.89(6) 17.82 55(5) 0.189(18) 0.176 200(20) 222

18.48(6) 18.47 63(5) 0.99(9) 0.96 490(50) 649

18.99(5) 19.07 59(5) 0.77(7) 0.72 400(40) 473

19.32(12) 19.31 54(5) 0.62(6) 0.58 360(40) 391

19.7(2) 19.7 54(5) 0.64(6) 0.59 390(40) 441

20.05(7) 20 54(5) 0.47(4) 0.44 250(30) 272

20.42(7) 20.3 55(5) 0.35(3) 0.34 300(30) 323

20.91(15) 20.9 52(5) 0.23(3) 0.23 470(50) 492

21.1(2) 21.15 52(5) 0.148(15) 0.147 260(30) 267

21.41(5) 21.46 57(5) 0.88(7) 0.89 500(50) 557

21.70(7) 21.8 52(5) 0.121(12) 0.116 68(7) 70

22.1(2) 22.15 56(5) 0.46(4) 0.42 310(30) 361

22.44(8) 22.5 63(5) 1.00(8) 0.94 500(50) 666

23.12(12) 23 56(5) 0.31(3) 0.30 450(50) 508

23.3(4) 23.3 51(5) 0.132(13) 0.133 890(90) 905

23.82(12) 23.65 53(5) 0.36(3) 0.36 800(80) 844

24.71(8) 24.65 51(5) 0.057(5) 0.054 69(7) 70

24.75(15) 24.92 51(5) 0.114(11) 0.109 210(20) 218

25.12(8) 25.1 51(5) 0.22(2) 0.21 210(20) 207

25.34(17) 25.38 51(5) 0.198(18) 0.187 176(17) 183

25.75(5) 25.68 53(5) 0.26(2) 0.25 280(30) 294

26.84(2) 26.99 68(5) 2.6(2) 2.3 330(30) 475

27.2(2) 27.15 51(5) 0.081(8) 0.081 260(30) 268

27.40(7) 27.4 57(5) 1.16(11) 1.10 380(40) 434

28.28(9) 28.45 56(5) 1.62(14) 1.63 660(70) 740

28.48(9) 28.75 52(5) 0.141(14) 0.135 67(7) 70

28.86(6) 29 56(5) 1.71(15) 1.70 560(60) 635

29.14(11) 29.4 53(5) 0.56(5) 0.53 166(16) 178

29.78(12) 29.75 55(5) 0.57(5) 0.53 201(19) 225

30.12(8) 30.08 56(5) 1.06(10) 1.03 440(50) 488

30.60(19) 30.55 54(5) 0.39(4) 0.38 360(40) 392

31.16(18) 30.98 53(5) 0.184(18) 0.175 250(30) 266

31.52(8) 31.55 54(5) 0.68(6) 0.65 460(50) 502

31.9(3) 32 53(5) 0.23(2) 0.22 360(40) 389

32.31(15) 32.35 52(5) 0.28(3) 0.27 310(30) 320

32.67(17) 32.85 52(5) 0.162(16) 0.157 230(20) 246

33.43(14)1 33.6 54(5) 0.32(3) 0.69 200(20) 815

33.66(19)1 33.85 53(5) 0.70(7) 0.30 770(80) 222

34.13(14) 34.08 50(5) 0.030(3) 0.029 83(8) 83

34.16(16) 34.2 53(5) 0.25(2) 0.23 130(13) 142

34.62(9) 34.7 52(5) 1.55(15) 1.49 740(70) 755

35.1(1) 35 49(5) 0.26(3) 0.26 90(9) 88

35.22(11) 35.33 50(5) 1.12(11) 1.09 340(30) 332

35.77(19) 35.88 53(5) 1.50(13) 1.45 440(40) 457

36.21(6) 36.35 53(5) 1.65(15) 1.62 580(60) 597

36.7(4) 36.65 51(5) 0.97(10) 0.96 850(80) 848

37.22(15) 37.1 51(5) 0.193(19) 0.190 115(12) 116

37.5(2) 37.52 54(5) 0.92(8) 0.88 290(30) 310

37.86(18) 37.85 53(5) 1.04(10) 1.02 530(50) 552

38.0(4) 38.3 51(5) 0.48(5) 0.48 810(80) 820

38.88(17) 38.9 52(5) 0.76(7) 0.76 660(70) 670

39.2(2) 39.25 52(5) 0.46(5) 0.46 280(30) 284

39.49(11) 39.6 51(5) 0.31(3) 0.30 93(9) 94

39.87(11) 39.95 53(5) 1.47(14) 1.44 520(50) 531

40.3(2) 40.4 52(5) 0.49(5) 0.48 270(30) 278

40.97(11) 40.8 50(5) 0.32(3) 0.31 220(20) 220

41.10(13) 41.18 50(5) 0.32(3) 0.32 94(9) 95

TABLE I – continued

En,R (eV) Γγ (meV) Γn (meV) Γf (meV)

Present Ref.[37] Present Present Ref.[37] Present Ref.[37]

41.44(14) 41.45 50(5) 0.31(3) 0.31 70(7) 70

41.97(13) 41.68 51(5) 0.145(14) 0.141 99(10) 101

42.36(16) 41.9 52(5) 1.22(10) 1.12 920(80) 847

42.5(2) 42.62 51(5) 0.46(4) 0.45 350(40) 357

43.11(7)1 42.9 53(5) 0.27(3) 0.44 92(9) 823

44.95(16)1 43.3 51(5) 0.57(5) 0.26 850(80) 97

1 Two pairs of adjacent resonances have swapped parameters,
with respect to ENDF/B-VII.1 [37], due to the finite neutron
energy resolution of the measurement.

This new (n,γ) cross section will have important impli-
cations for simulations of 242mAm-based propulsion and
energy systems. Additionally, this extension of the Buck-
ner et al. [30] measurement up to 10 keV, along with new
Γγ , Γn, and Γf widths for 106 resonances with energies
< 45 eV, should impact and improve model calculations.
These cross sections and widths should enable extrapo-
lation of the neutron-capture cross section to higher in-
cident neutron energies beyond the scope of this work.
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