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Fig. 1. Schematic view of the CSNS Back-n white neutron beamline.
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Table 1.  Summary of samples and measurement

conditions.
Fdh JEHE /mm EHA%/mm
natTh 0.25 mm 40
natc 1.08 mm 40
2SR / /
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Fig. 2. Structure of the GTAF detector system.
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Fig. 3. Dead-time correction factor as a function of neutron

energy.
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Fig. 4. Two-dimensional PSD distribution showing separa-

tion between 7 events and a background.
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Fig. 5. Distributions used for event selection: (a) Summed-
energy spectra of different samples; (b) summed-energy

spectra under different crystal multiplicity conditions

around the strongest resonance.
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Fig. 6. Summary of background subtraction for the 59Tb

(n, 7) reaction.
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Fig. 7. Comparison of the experimental cross section with
ENDF/B-VIILO in the 0.3-1000 eV region.
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Table 2.  Summary of uncertainties for the Th(n, )
cross-section measurement (E, < 100 eV).
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Fig. 8. Comparison between the experimental yield and the
SAMMY fit in the 1-100 eV region.
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F AL 159 Th(n, 7) 1—100 eV HHEZ%: ENDF/B-VIILO 5 GTAF XfH
Table Al.  Resolved resonances (1-100 eV): resonance parameters from ENDF /B-VIIL.0 and GTAF.
ENDF/B-VIIL0O GTAF
E,/eV It /meV Iy /meV K/meV E,/eV I /meV Iy /meV K/meV
3.339 0.37 89 0.23 3.3240.07 0.34+0.002 92.0140.51 0.209+0.0010
4.98 0.08 97 0.03 4.95+0.09 0.09+0.001 103.6741.40 0.0333+0.0004
11.07 7.84 90 4.51 11.04+0.10 7.87+0.035 89.03+0.416 4.5240.0189
14.4 0.14 97 0.09 14.35+0.13 0.15+0.002 119.704-2.61 0.0944+0.0015
21.17 1.95 96 0.72 21.1240.16 2.32+0.022 111.4541.17 0.85240.0095
24.55 4.48 102 2.68 24.6440.18 2.12+0.025 142.3941.93 1.30£0.0312
27.51 0.82 102 0.51 27.4540.22 1.034+0.014 183.934-2.89 0.384+0.0067
33.81 4.13 98 1.49 33.7340.18 3.85+0.039 93.814+1.18 1.39+£0.0127
40.72 0.79 101 0.29 40.6740.27 0.53+0.012 110.1945.60 0.199+0.0030
43.63 4.72 98 2.81 43.554-0.20 4.3840.073 116.2342.83 2.644-0.0443
45.99 10.96 93 6.13 45.8940.19 9.69+0.134 78.01+1.85 5.394:0.0799
50.06 1.84 97 1.13 49.904-0.27 3.34+0.048 188.534-4.30 2.054:0.0116
51.55 1.40 96 0.52 51.4540.22 1.364-0.029 113.8345.04 0.5024+0.0105
53.98 0.50 78 0.31 53.8940.24 0.38+0.009 109.7245.12 0.2384+0.0043
57.34 2.07 99 0.77 57.2740.33 1.3740.035 303.23411.6 0.514+0.0087
58.63 1.57 96 0.96 58.5440.23 1.344-0.025 84.4143.78 0.765-+0.0120
65.08 9.12 93 5.20 64.964-0.29 9.78+0.158 151.124-2.65 5.74+0.101
66.48 3.60 98 1.30 66.3340.23 0.38+0.040 147.5847.80 0.589+0.0069
73.66 144 94 7.80 73.5840.28 13.740.222 137.1742.88 7.76+0.130
76.3 9.87 93 3.35 76.3640.37 2.45+0.0781 151.66411.1 0.904+0.0351
77.75 6.24 95 3.66 77.7340.31 4.834+0.108 163.524:5.02 2.944-0.0498
78.6 2.93 85 1.06 78.7140.20 0.7440.0297 86.0247.81 0.276+0.0150
88.24 3.20 83 1.93 88.1340.39 2.8440.0742 212.494-7.28 1.75+0.0367
90.8 10.53 106 3.59 90.144-0.28 15.240.272 102.464-2.96 4.974+0.124
95.31 0.54 97 0.34 95.284-0.23 0.86+0.0361 179.474+12.0 0.535+0.0355
97 37.33 97 10.11 96.944-0.25 26.7+0.533 76.1542.24 7.41+0.101
99.23 0.35 97 0.22 99.0740.23 0.024-0.001 121.06410.7 0.01234-0.00002
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Fig. Al. C/E comparison of kernels between experiment
and evaluated libraries in the 1-100 eV region.
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Abstract

Neutron capture on deformed rare-earth nuclei provides stringent tests of nuclear reaction models and

serves as a key benchmark for both nuclear data evaluation and s-process nucleosynthesis studies. As a stable
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odd-A rare-earth nucleus with a pronounced deformed structure, "Tb plays an important role in reactor-
related calculations, activation analysis, nuclear data evaluation, and s-process nucleosynthesis in the rare-earth
mass region. Although previous measurements have been performed at thermal and MeV neutron energies,
experimental data in the eV to several hundred eV region remain scarce, and independent constraints on
resonance parameters are still limited. To provide independent experimental constraints in this energy region,
the 9Tb(n,7) reaction cross section is measured at the Back-n white neutron beam line of the China Spallation
Neutron Source (CSNS) using the Gamma Total Absorption Facility (GTAF). The incident neutron energy is
determined by the time-of-flight method over a wide white neutron spectrum. Capture events are identified by
applying summed-energy window selection, crystal multiplicity gating, and pulse-shape discrimination to
suppress background contributions. Dead-time correction is performed to account for the high instantaneous
counting rate of the detection system. Background components are evaluated and subtracted using dedicated
measurements with "C and empty samples, leading to the net capture yield spectrum. Based on these
procedures, the experimental cross section is obtained over the 1-1000 eV energy range.

An R-matrix analysis is performed using the SAMMY code to extract resonance parameters in the resolved
resonance region (1-100 eV). The extracted resonance energies and widths accurately reproduce the main
resonance structures and are consistent with the ENDF/B-VIIL.O evaluation within uncertainties, with no
indication of systematic bias. The comparison with ENDF/B-VIIL.0, JEFF-4.0, JENDL-5 and BROND-3.1
shows overall consistency in the major resonance structures and energy dependence, although some local
discrepancies remain in weak or complex regions. Several weak structures are observed in the experimental
spectrum; although they may suggest resonance-like features, contributions from sample impurities and neutron-
beam-related effects and local analysis sensitivity cannot be excluded, and a definitive interpretation requires
further study. The present work provides both experimental cross sections in the 1-1000 eV region and
independently extracted resonance parameters in the 1-100 eV region, thereby strengthening the experimental
basis for resonance-region nuclear data of Tbh. The present measurement provides independent experimental
constraints on neutron capture in a deformed rare-earth nucleus and establishes ""Tb as a rare-earth benchmark
for resonance-region nuclear data, contributing to improved reliability of evaluated libraries for nuclear

astrophysics and reactor-related applications.

Keywords: neutron capture cross section, white neutron source, total absorption gamma-ray detector,

resonarnce parameters
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neutron source CSNS back-n

CHEN Xuanbo  ZHANG Qiwei  LUAN Guangyuan WU Hongyi LUO Haotian REN Jie = HE Guozhu
JIANG Wei  FAN Ruirui  RUAN Xichao

5| F{Z B Citation: Acta Physica Sinica, 75, 120101 (2026) DOI: 10.7498/aps.75.20260252

CSTR: 32037.14.aps.75.20260252

TEZR 152 View online: https://doi.org/10.7498/aps.75.20260252

MHANZE View table of contents: http://wulixb.iphy.ac.cn

FEAT ARG HoAh S

Articles you may be interested in


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.75.20260252
http://wulixb.iphy.ac.cn

	1 引　言
	2 实验装置
	2.1 实验条件及样品参数
	2.2 GTAF装置
	2.3 数据获取系统

	3 数据处理与俘获产额提取
	3.1 死时间计算
	3.2 PSD判选
	3.3 事件判选条件
	3.4 本底评估与扣除

	4 不确定度分析
	5 SAMMY共振参数分析
	6 结　论
	附录A 159Tb(n, γ) 反应共振参数与ENDF/B-VIII.0的比较
	参考文献

