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Abstract
Nuclear data, particularly neutron nuclear data, forms the foundation of na-
tional defense construction, nuclear energy development, and nuclear technol-
ogy applications, while also playing a significant role in fundamental nuclear
physics research. The quality of nuclear data directly impacts the effectiveness,
safety, reliability, and economic viability of related facilities and products. Ex-
perimental data serves as the basis for developing relevant theoretical models
and nuclear databases; consequently, experimental nuclear data research holds
an extremely important position in nuclear data studies. China’s experimental
nuclear data research commenced in the mid-20th century, and through decades
of development, has yielded substantial achievements. This paper will briefly
introduce the progress made in China’s experimental nuclear data research and
attempt to prospect future developments.
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Abstract
Nuclear data, especially neutron-induced nuclear data, forms the foundation of
national defense, nuclear energy development, and nuclear technology applica-
tions, while also playing a critical role in fundamental nuclear physics research.
The quality of nuclear data directly impacts the effectiveness, safety, reliability,
and economy of related devices and products. Experimental data serves as the
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foundation for developing theoretical models and nuclear data libraries, making
experimental research paramount in nuclear data studies. China’s experimental
nuclear data research began in the mid-1950s and has achieved fruitful results
after decades of development. This article provides a brief overview of progress
in experimental nuclear data research in China and outlines potential future
advancements.

Keywords: Nuclear data, Experimental data, Neutron source

Nuclear data is a general term describing nuclear reaction data for incident par-
ticles of specific energies interacting with atomic nuclei, as well as nuclear struc-
ture and radioactive decay data describing fundamental properties of individual
nuclides. Nuclear reaction data primarily includes reaction cross-sections, angu-
lar distributions and energy spectra of secondary particles, double-differential
cross-sections, gamma production cross-sections, and fission product yields. Nu-
clear structure and decay data mainly includes atomic nuclear masses, half-lives,
decay branching ratios, and level schemes. Neutron-induced nuclear reaction
data holds the most important applications in nuclear energy development (in-
cluding fission and fusion energy) and nuclear technology applications. The
nuclear data generation process involves three key steps: First, critical nuclear
reaction and structure experimental data are obtained through nuclear physics
experimental methods. While experimental data is fundamental, it is often dis-
crete and incomplete, making it impossible to construct a complete, systematic
nuclear database from experimental data alone. Second, theoretical models of
nuclear reactions and structures are used with existing experimental data to de-
termine and optimize model parameters, enabling the calculation of comprehen-
sive nuclear databases. Third, macroscopic validation experiments using nuclear
data are performed in conjunction with particle transport calculations to ensure
database quality. This workflow demonstrates that experimental nuclear data
research is the most important and fundamental aspect of nuclear data work.
Recognizing this importance, all nuclear powers have invested substantial hu-
man and material resources in experimental work. International nuclear data
experimental efforts began in the 1940s, providing strong support for nuclear
weapon design, development, and testing. Subsequently, to meet the needs of
national defense, nuclear energy development, and nuclear technology applica-
tions, countries have continued nuclear data experimental work, making im-
portant contributions to several major international nuclear databases. China’s
nuclear data experimental work began in the 1950s, making important contribu-
tions to national defense, nuclear energy development, and nuclear technology
applications across different periods. After decades of development, China has
established an experimental research system with considerable scale, high capa-
bility, and distinctive features, providing crucial support for the development
of China’s independent nuclear database, the Chinese Evaluated Nuclear Data
Library (CENDL), which has established China as a major nuclear data power
internationally.

This article introduces progress in nuclear data measurement in China and pro-
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vides future perspectives. The supporting conditions for nuclear data measure-
ment work include neutron sources, detectors, measurement methods, and sam-
ple preparation. Therefore, this article first introduces neutron sources and
detector systems for nuclear data measurement, then discusses progress in nu-
clear data measurement, and finally provides an outlook and future directions.

Neutron Sources for Nuclear Data Measurement
Currently, China’s neutron sources for nuclear data measurement mainly
include: (1) Reactor neutron sources, such as the China Advanced Research
Reactor and Mianyang Research Reactor, which primarily provide thermal
neutron beams; (2) Electrostatic accelerator neutron sources, including the
HI-13 Tandem Accelerator, 600 kV Cockcroft-Walton accelerator, and 5SDH-2
tandem accelerator at the China Institute of Atomic Energy, the 4.5 MV Van
de Graaff accelerator at Peking University, the 2$×$3 MV tandem accelerator
at Sichuan University, and Cockcroft-Walton accelerators at the Institute of
Nuclear Physics and Chemistry (China Academy of Engineering Physics),
Lanzhou University, and Institute of Nuclear Energy Safety Technology
(Chinese Academy of Sciences), which provide monoenergetic and quasi-
monoenergetic neutrons from tens of keV to 40 MeV; (3) Electron accelerator
neutron sources, such as the TMSR-PNS at the Shanghai Institute of Applied
Physics (Chinese Academy of Sciences), which provides white neutrons from
thermal energies to the keV region; and (4) The CSNS Back-n white neutron
source at the China Spallation Neutron Source, which provides white neutrons
from thermal energies to 300 MeV. These neutron sources constitute China’s
primary facilities for nuclear data measurement, with their main parameters
listed in Table 1 .

Status of Nuclear Data Experimental Facilities
Based on these neutron sources, a series of nuclear data experimental facilities
have been established, including the following major systems.

2.1 Multi-Detector Fast Neutron Time-of-Flight Spectrometer on the
HI-13 Tandem Accelerator

This spectrometer [10] is primarily used for measuring differential cross-sections
of neutron elastic and inelastic scattering, as well as secondary neutron double-
differential cross-sections. As shown in Figure 1 [Figure 1: see original paper],
the spectrometer consists of three main neutron detectors, a monitor, and an
angular spectrometer covering angles from 30° to 160°, with flight paths up
to 7 m and time resolution reaching 1 ns. The spectrometer is equipped with
deuterium and tritium gas target systems, enabling experiments in the neutron
energy range of 5–42 MeV.
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2.2 HPGe Detector Array on the HI-13 Tandem Accelerator

This detector array [11] is mainly used for measuring gamma production cross-
sections from neutron inelastic scattering and (n, xn𝛾) reactions. As shown in
Figure 2 [Figure 2: see original paper], the array consists of six Clover detectors
and six planar detectors, with each Clover detector comprising four high-purity
germanium detectors with 38% relative detection efficiency, equipped with BGO
anti-Compton shields.

2.3 Spherical He-3 Neutron Detector Array on the CIAE Cockcroft-
Walton Accelerator

This system is primarily used for online measurement of (n, 2n) reaction cross-
sections by directly detecting the two outgoing neutrons from the (n, 2n) reac-
tion. Figure 3 [Figure 3: see original paper] shows a photograph of this detection
system [12], which consists of 110 He-3 tubes uniformly embedded in a spherical
polyethylene moderator. The detection system achieves a detection efficiency of
30% for neutrons from 252Cf spontaneous fission, offering both high detection
efficiency and insensitivity to gamma rays compared to large liquid scintillation
detectors.

2.4 Fission Fragment Identification Spectrometer at CIAE

As shown in Figure 4 [Figure 4: see original paper], this spectrometer [13]
is mainly used for measuring fission fragment mass distributions. The spec-
trometer consists of a high-resolution time-of-flight detector and high-energy-
resolution fission fragment energy detectors. The time-of-flight detector achieves
a time resolution of 150 ps, while the energy detector provides energy resolu-
tion better than 0.5% (for Cu ions at 80 MeV). The system’s mass resolution
is better than 1 for the light peak around A=90 and reaches 1.4 for the heavy
peak around A=140.

2.5 BaF2 Detector Array (GTAF-II) at CSNS Back-n

As shown in Figure 5 [Figure 5: see original paper], this facility [14] is primarily
used for (n, 𝛾) reaction cross-section measurements. It consists of 12 pentagonal
and 28 hexagonal BaF2 crystals forming a spherical detector array with an inner
cavity diameter of 20 cm for sample placement. Each crystal is 15 cm thick
with a maximum diameter of 14 cm. The system’s total detection efficiency for
cascade gamma rays following (n, 𝛾) reactions approaches 100%.

2.6 C6D6 Spectrometer at CSNS Back-n

This spectrometer [15] is also mainly used for (n, 𝛾) reaction cross-section mea-
surements, consisting of four deuterated liquid scintillation detectors (Ø12.7
cm × 7.62 cm) with associated electronics and data acquisition systems. This
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spectrometer complements the GTAF-II facility: the C6D6 spectrometer is pri-
marily used for measuring (n, 𝛾) reaction cross-sections of stable nuclides with
relatively large cross-sections, while GTAF-II, with its extremely high detection
efficiency, is mainly used for small-cross-section reactions or microsamples (such
as rare isotopes or unstable nuclides).

2.7 LPDA Spectrometer at CSNS Back-n

This spectrometer [16] is primarily used for nuclear data measurements of
charged-particle emission reactions induced by neutrons. The spectrometer
consists of a 16-unit ΔE-ΔE-E telescope system installed in a vacuum target
chamber with a diameter of 1 m. Each telescope unit comprises a low-pressure
multi-wire proportional chamber, a 300 �m thick Si detector, and a 3 cm thick
CsI crystal detector. For protons, the spectrometer covers an energy range of
0.5–100 MeV with a wide dynamic range.

2.8 FIXM Fission Cross-Section Measurement Spectrometer at CSNS
Back-n

This spectrometer [16] is mainly used for fission cross-section measurements,
consisting of an 8-unit multi-layer fast fission ionization chamber that can ac-
commodate eight fission samples for simultaneous measurement. Fission sam-
ples are electroplated onto 20 �m thick stainless steel or 100 �m thick aluminum
backings with diameters of approximately 5 cm. With fast preamplifiers, the
fission ionization chamber achieves signal rise times of about 30 ns, making it
suitable for fast neutron time-of-flight measurements.

2.9 Other Facilities

In addition to the above facilities, numerous other experimental systems are
used for nuclear data measurements, including a gridded ionization chamber
at Peking University for (n, 𝛼) reaction cross-section measurements, neutron
nuclear data integral experimental facilities at the Institute of Nuclear Physics
and Chemistry (China Academy of Engineering Physics) and China Institute of
Atomic Energy, nuclear data measurement facilities at the Shanghai Institute of
Applied Physics (Chinese Academy of Sciences), and charged-particle-induced
nuclear reaction data measurement facilities at the Institute of Modern Physics
(Chinese Academy of Sciences).

Progress in Nuclear Data Experimental Research
Relying on the aforementioned neutron sources and experimental facilities, ex-
tensive nuclear data experiments have been conducted over the years, yielding
fruitful results. The main achievements are summarized below.
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3.1 Secondary Neutron Differential and Double-Differential Cross-
Section Measurements

Secondary neutron differential and double-differential cross-sections are crucial
for testing nuclear data theoretical models and determining model parameters,
as well as for neutron transport calculations in nuclear device design. Early
work established fast neutron time-of-flight spectrometers based on China’s
first cyclotron and later on Cockcroft-Walton accelerators, completing measure-
ments of secondary neutron double-differential cross-sections for several impor-
tant nuclides. Following the construction of the HI-13 tandem accelerator and
multi-detector fast neutron time-of-flight spectrometer, extensive experimental
measurements have been completed for numerous nuclides at various energy
points. Particularly in the 8–14 MeV energy region, secondary neutron double-
differential cross-section measurements have become an international challenge
due to the presence of breakup neutrons from common neutron sources (such
as p+T and d+D reactions), which severely interfere with low-energy regions
of secondary neutron spectra. The China Institute of Atomic Energy has pio-
neered an unconventional fast neutron time-of-flight spectrometry method [17]
that effectively avoids breakup neutron interference while maintaining energy
resolution by combining conventional and unconventional spectrometers. Major
completed works are listed in Table 2 . Figure 9 [Figure 9: see original paper]
shows partial secondary neutron double-differential cross-section results for 6Li
reactions induced by 10.27 MeV neutrons [18,19].

3.2 Fission Yield Measurements

Fission product yield data are important for fission physics research, reactor
design and operation, and nuclear material detection. China has established
both radiochemical and direct gamma spectrometry methods for fission yield
measurements, completing numerous experimental measurements (Table 3 ).
In recent years, the China Institute of Atomic Energy, Northwest Institute of
Nuclear Technology, and Institute of Nuclear Physics and Chemistry (China
Academy of Engineering Physics) have all developed fission fragment mass
distribution measurement techniques. The China Institute of Atomic Energy
has completed measurements of fission fragment mass distributions for thermal
neutron-induced fission of 235U and 239Pu using the FFIS spectrometer [20],
obtaining high-quality experimental data. Figure 10 [Figure 10: see original pa-
per] shows the measured mass distribution for 235U fission induced by thermal
neutrons.

3.3 Excitation Function Measurements

Excitation functions for reactions such as (n, 2n), (n, 3n), (n, 𝛾), (n, p), and
(n, 𝛼) have important applications in nuclear physics research, neutron field
parameter diagnostics, and nuclear technology applications. For example, (n,
2n) and (n, 𝛾) reaction cross-sections play significant roles in neutronics calcu-
lations for nuclear device design and are widely used for neutron fluence rate
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and spectrum measurements. Excitation function measurements are generally
divided into offline and online methods. The offline method (activation method)
involves irradiating samples in a neutron field and determining reaction cross-
sections by measuring the activity of product nuclei. This method is simple
and reliable but limited to single-energy points or specific spectra (such as fis-
sion spectra), and can only be applied when product nuclei are radioactive with
suitable half-lives and measurable properties. The online method determines
cross-sections by measuring prompt particle yields during reactions, offering
greater universality and enabling efficient measurement of excitation functions
across broad energy regions using white neutron sources in a single experiment,
though requiring high-purity isotopic samples. China primarily used the acti-
vation method in early work, completing extensive measurements of excitation
functions for over 100 reaction channels including (n, 2n), (n, 𝛾), (n, p), and
(n, 𝛼) for various nuclides [21,22]. These data have filled some gaps and clari-
fied discrepancies, providing important support for China’s excitation function
library development. In recent years, online methods have rapidly advanced,
including direct neutron detection [12] and prompt gamma-ray methods for (n,
2n) cross-section measurements, (n, 𝛾) cross-section measurements using white
neutron sources [23,24], and (n, xn) reaction data measurements using white
neutron sources and Peking University’s facilities [25], yielding fruitful results.

3.4 Other Types of Nuclear Data Measurements

In addition to the above, China has achieved extensive experimental results
in gamma production cross-sections, fission cross-sections, total neutron
cross-sections, integral data, and charged-particle-induced nuclear reaction
data. Gamma production cross-section measurements have primarily utilized
the HI-13 tandem accelerator and HPGe detector array at the China Institute
of Atomic Energy, completing numerous measurements of neutron inelastic
and (n, 2n𝛾) production cross-sections in the 7–11 MeV energy region. Fission
cross-section measurements have mainly been based on the China Spallation
Neutron Source, completing measurements of 235U, 236U, 238U, and 239Pu
fission cross-sections from eV to hundreds of MeV [26,27]. Total neutron cross-
section measurements have also been performed at the CSNS Back-n facility
for materials such as Al, Be, and C [28]. Integral data have been obtained
primarily by the Institute of Nuclear Physics and Chemistry (China Academy
of Engineering Physics) and China Institute of Atomic Energy through nu-
merous shielding integral experiments with spherical and slab samples [29,30],
providing important integral experimental data for macroscopic validation of
nuclear databases. Charged-particle-induced nuclear reaction data have been
measured primarily using the HI-13 tandem accelerator and accelerators at the
Institute of Modern Physics (Chinese Academy of Sciences).
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Summary and Outlook
China’s nuclear data measurements have long focused on meeting national de-
fense needs. Initial work completed critical measurements for 235,238U and
239Pu key nuclear data, d+6Li reaction cross-sections, and 6Li(n,t) reaction
excitation functions, making important contributions to China’s “Two Bombs”
program. Subsequently, extensive measurements and evaluations of excitation
functions, fission yields, secondary neutron differential and double-differential
cross-sections, gamma production cross-sections, decay data, and integral data
have been completed, filling data gaps and clarifying discrepancies, strongly
supporting China’s nuclear programs.

In recent years, domestic investment in nuclear data measurement has increased
due to the development of new nuclear energy systems. Various institutions
have paid increasing attention to nuclear data for fusion reactors, thorium-based
molten salt reactors, and ADS systems. Furthermore, the construction of ad-
vanced radiation source platforms such as the China Spallation Neutron Source,
TMSR-PNS at the Shanghai Institute of Applied Physics (Chinese Academy of
Sciences), and the Shanghai Laser Electron Gamma Source (SLEGS) at the
Shanghai Advanced Research Institute (Chinese Academy of Sciences) has sig-
nificantly enhanced China’s nuclear data measurement capabilities. As these
major facilities are completed and put into operation, they will further promote
experimental nuclear data research in China.
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