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Abstract:
Nuclear reactors are essentially-pure sources of electron antineutrinos from the beta-decay of fission daugh-
ters. The intense, well-localized, controllable nature of these man-made neutrino sources has meant that
they have played a central role in developing our current understanding of neutrinos. This will likely re-
main true as we continue into an age of precision measurement of neutrino properties. Nonetheless, the
reactor neutrino spectrum is complicated, stemming from thousands of individual branches, and our current
predictions are imperfect. Unlocking the full scientific potential of reactor neutrinos requires improving our
current predictive capabilities. Here we outline the potential impacts of an improved understanding of the
spectrum and the significant questions that must be answered. This program of scientific investigation cuts
across multiple sponsor organizations (e.g. DOE Basic Energy Sciences, Nuclear Physics, High Energy
Physics, NNSA Defense Nuclear Nonproliferation, etc..) and highlights the need for close coordination and
mutual support between stakeholders.
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Nuclear reactors are essentially-pure sources of electron antineutrinos from the beta-decay of fission
daughters. The intense, well-localized, controllable nature of these man-made neutrino sources has meant
that they have played a central role in developing our current understanding of neutrinos. This will likely
remain true as we continue into an age of precision measurement of neutrino properties. Nonetheless, the
reactor neutrino spectrum is complicated, stemming from thousands of individual branches, and our current
predictions are imperfect. Unlocking the full scientific potential of reactor neutrinos requires improving our
current predictive capabilities. Here we outline the potential impacts of an improved understanding of the
spectrum and the significant questions that must be answered. This program of scientific investigation cuts
across multiple sponsor organizations (e.g. DOE Basic Energy Sciences, Nuclear Physics, High Energy
Physics, NNSA Defense Nuclear Nonproliferation, etc..) and highlights the need for close coordination and
mutual support between stakeholders.

Scientific Motivation
A detailed understanding of reactor antineutrino fluxes and energy spectra significantly impacts a broad

array of scientific and technological questions. These range from addressing fundamental questions about
the nature of neutrinos to enabling precision tests of the Standard Model. Specific high-impact scientific
goals include:

HEP Science Drivers

• Performing neutrino-based precision BSM searches at reactors (G1)
• Probing the existence of sterile neutrinos with reactor-based experiments (G2)
• Enabling precision CEvNS-based physics measurements at reactors (G3)
• Enabling an unambiguous reactor-based neutrino mass hierarchy measurement (G4)

Nuclear Science and Application Drivers

• Enabling nuclear reactor monitoring using νe detectors (G5)
• Advancing nuclear databases and calculations used for nuclear science and nuclear energy (G6)

Required Enabling Capabilities
Achievement of these scientific goals will require the resolution of outstanding problems in reactor

neutrino physics and the development of a more precise fundamental understanding of reactor antineutrino
production. These essential enabling capabilities include:

• Generating precise data-driven and theory-based flux and spectrum models for all fission isotopes
• Resolving flux discrepancies between reactor antineutrino predictions and measurements
• Resolving spectral discrepancies between LEU antineutrino predictions and measurements

Specific Approaches to Address Modeling and Measurement Needs
A research program achieving all of these science goals and enabling capabilities will require effort from

diverse scientific communities both within and beyond the Snowmass-focused field of high energy physics
as well as effective coordination between organizations [1]. These research thrusts include measurements,
data analysis, and data organization tasks to be performed primarily by neutrino experimentalists, new
nuclear data and nuclear structure measurements to be performed primarily by nuclear experimentalists, and
model development to be performed primarily by nuclear theorists and reactor modelling experts. These
activities will require close collaboration and coordination between differing expert communities. Each
research topic outlined below is also linked to the physics goal it enables.
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Neutrino Measurements

• Through additional data analysis, improve precision of neutrino spectrum measurements in existing
HEU and LEU experiments [2–5]. (G1, G2, G3)

• Precisely measure neutrino flux above 7 MeV with current and future experiments [6]. (G5)
• Perform new or improved flux measurements at LEU and HEU reactors [7–9]. (G1, G2, G3, G5)
• Perform new reactor νe spectrum measurements at multiple reactor facilities with differing fuel com-

positions. In particular, systematics-correlated measurements between different reactors, or measure-
ment at Pu-burning or fast reactors [10]. (G1, G2, G3, G5, G6)

• Perform improved analysis of flux and spectrum dependence on fission fractions with data from
individual experiments (i.e. evolution analyses) [11–13]. (G4, G5)

• Perform a high-statistics, high-resolution (%-level) spectrum measurement [14]. (G4, G6)
• Perform joint analyses of data from experiments with differing fission fractions (All)
• Pursue reactor-based CEvNS measurements with existing technology, as well as R&D and measure-

ments with next-generation low-threshold technology [15–17]. (G3, G5)
• Establish databases with standard data format and accompanying meta-data to share experimental

and theoretical data for reliable data-data and data-model comparisons (All)

Nuclear Physics Measurements

• Continue re-evaluation of pandemonium-affected beta feeding measurements for isotopes with sig-
nificant contributions to the antineutrino spectrum at high energies [18–27] (G6)

• Measure beta spectrum shape for forbidden decays providing out-sized contribution to the antineu-
trino spectrum at high energies [28]. (G6)

• Modern measurements of integral beta spectra from the three primary fission isotopes 235U, 239Pu,
and 241Pu. (All)

Theory and Modelling Improvements

• Re-evaluate experimental inputs, calibrations, and uncertainties in the thermal fission beta spectrum
measurements of the 1980’s [29] (G1, G2)

• Continual updates in ab initio and conversion predictions via incorporation of up-to-date nuclear
data measurements/improvements, which enables improved data/model comparisons [30, 31] (All)

• Extension of ’reference’ ab initio calculations below the 1.8 MeV IBD threshold [32] (G1, G3, G5)
• For diverse reactor designs, develop reactor simulations for robust modelling of fuel content evolu-

tion, non-linear or non-equilibrium νe production, and νe production by non-fuel isotopes [33–35].
(G1, G2, G3, G5)

• Improve uncertainty treatment in ab initio calculations (properly treat correlations) and conversion
calculations (properly treat forbidden decay contribution uncertainties) [36, 37]. (G1, G2, G6)
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13Universität Zürich Physik Institut, Zurich, Switzerland

14Max-Planck-Institut für Kernphysik, Saupfercheckweg 1, 69117 Heidelberg, Germany
15Institute of Modern Physics, East China University of Science and Technology, Shanghai

9



Prediction and Measurement of the Reactor Neutrino Flux and Spectrum

16University of Wisconsin, Madison, Wisconsin 53706
17Wright Laboratory and Department of Physics, Yale University, New Haven, Connecticut 06520

18Brookhaven National Laboratory, Upton, New York 11973
19Department of Physics, National Taiwan University, Taipei

20Institute of High Energy Physics, Beijing
21National United University, Miao-Li

22Department of Engineering Physics, JUNOM University, Beijing
23Shenzhen University, Shenzhen

24Sun Yat-Sen (Zhongshan) University, Guangzhou
25North China Electric Power University, Beijing
26Chinese University of Hong Kong, Hong Kong

27Siena College, Loudonville, New York 12211
28Department of Physics and Astronomy, University of California, Irvine, California 92697

29University of Science and Technology of China, Hefei
30Charles University, Faculty of Mathematics and Physics, Prague

31Department of Physics, University of Illinois at Urbana-Champaign, Urbana, Illinois 61801
32Lawrence Berkeley National Laboratory, Berkeley, California 94720

33Department of Physics, Illinois Institute of Technology, Chicago, Illinois 60616
34Joint Institute for Nuclear Research, Dubna, Moscow Region

35Beijing Normal University, Beijing
36Department of Nuclear Science and Technology, School of

Energy and Power Engineering, Xi’an Jiaotong University, Xi’an
37Department of Physics, University of Houston, Houston, Texas 77204

38China Institute of Atomic Energy, Beijing
39Shandong University, Jinan

40Institute of Physics, National Chiao-Tung University, Hsinchu
41Department of Physics, University of Cincinnati, Cincinnati, Ohio 45221

42Department of Physics, College of Science and Technology, Temple University, Philadelphia, Pennsylvania 19122
43Dongguan University of Technology, Dongguan

44Department of Physics, University of California, Berkeley, California 94720
45Department of Physics, The University of Hong Kong, Pokfulam, Hong Kong

46School of Physics, Nankai University, Tianjin
47Department of Physics and Astronomy, Shanghai Jiao Tong University,

Shanghai Laboratory for Particle Physics and Cosmology, Shanghai
48Joseph Henry Laboratories, Princeton University, Princeton, New Jersey 08544

49California Institute of Technology, Pasadena, California 91125
50College of William and Mary, Williamsburg, Virginia 23187

51Nanjing University, Nanjing
52China General Nuclear Power Group, Shenzhen

53College of Electronic Science and Engineering, National University of Defense Technology, Changsha

10



Prediction and Measurement of the Reactor Neutrino Flux and Spectrum

54Iowa State University, Ames, Iowa 50011
55Chongqing University, Chongqing
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63IJCLab, Université Paris-Saclay, CNRS/IN2P3, 91405 Orsay, France
64Comenius University Bratislava, Faculty of Mathematics, Physics and Informatics, Bratislava, Slovakia

65Department of Physics and Earth Science, University of Ferrara and INFN Sezione di Ferrara, Ferrara, Italy
66INFN Milano Bicocca and University of Milano Bicocca, Milano, Italy

67INFN Sezione di Padova, Padova, Italy
68University of Roma Tre and INFN Sezione Roma Tre, Roma, Italy

69III. Physikalisches Institut B, RWTH Aachen University, Aachen, Germany
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