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Discovery of the Neutron
• Neither Rutherford nor James Chadwick at the 

Cavendish Laboratory believed the Paris gamma ray 
hypothesis.

• Chadwick repeated the creation of the radiation using 
beryllium to absorb the alpha particles: 9Be + 4He (α) 
→ 12C + 1n.

• Chadwick measured the range of these protons, and 
also measured how the new radiation impacted the 
atoms of various gases. He found that the new 
radiation consisted of not gamma rays, but uncharged 
particles with about the same mass as the proton.

• National Museum of American History:  Object EM*N-
08430 consists of radon gas and a beryllium rod, 
enclosed in a glass tube, all enclosed in an exterior 
brass cylinder. This apparatus was used in 1934-35 by 
Enrico Fermi and coworkers in producing slow 
neutrons in investigations on induced radioactivity.
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RnBe and RaBe Neutron Sources
• Early neutron measurements used RnBe and RaBe neutron 

sources.

• EXFOR compilations require neutron energy.
• J.R. Dunning, The Emission and Scattering of Neutrons, 

J,PR,45,586,1934.
• Neutron groups: A, B, C, D, E, F, G, H, J in RnBe source.  
• Other neutron sources: AmBe, PuBe, PoBe, ….
• How to resolve neutron energy issues???
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RnBe Source
• 238U decay chain
• Radon-222, 222Rn
• Alpha decay energy 5.5904 MeV, 

Wang, M.; Audi, G.; Kondev, F. G.; 
Huang, W. J.; Naimi, S.; Xu, X. 
(2017). "The AME2016 atomic 
mass evaluation (II). Tables, 
graphs, and references" (PDF). 
Chinese Physics C. 41 (3): 
030003-1–030003-442. 
doi:10.1088/1674-
1137/41/3/030003

• RnBe source is based on (,n) 
reaction with alpha particle energy 
5.5904 MeV.

• RnBe neutron spectra are needed.
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9Be(,n)12C Reaction
• What is the q value for the reaction 9Be + α 

→ 12C + n ? A 57 MeV B 84 MeV C 42 
MeV D 73 M: 
https://www.youtube.com/watch?v=Cnr0pn
Wm2HI

• Q-value is 5702.0 keV.
• https://nucldata.tunl.duke.edu/nucldata/figu

res/12figs/12_03_2017.pdf
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The Origin of Neutron Groups
TITLE          The origin of neutron groups in Be(alpha,n)sources     C2761  1    3 

AUTHOR     (R.L.Lehman)                                                               C2761  1    4 

REFERENCE  (J,NIM,60,253,1968)                                                 C2761  1    5 

#doi:10.1016/0029-554X(68)90128-6                       C2761  1    6 
…………………………………………………………………………………………. 
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Be Neutron Sources Compilations
• Practical compilations of C2761 (PoBe), C2762 (PuBe), C2763 (PoBe) neutron spectra.

• Other compilations may follow.
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The International Atomic Energy Agency: 
(https://www.iaea.org/about/mission)

is an independent intergovernmental, science and technology-based organization, in the United 
Nations family, that serves as the global focal point for nuclear cooperation;

assists its Member States, in the context of social and economic goals, in planning for and 
using nuclear science and technology for various peaceful purposes, including the generation 
of electricity, and facilitates the transfer of such technology and knowledge in a sustainable 
manner to developing Member States;

develops nuclear safety standards and, based on these standards, promotes the achievement 
and maintenance of high levels of safety in applications of nuclear energy, as well as the 
protection of human health and the environment against ionizing radiation;

verifies through its inspection system that States comply with their commitments, under the Non-
Proliferation Treaty and other non-proliferation agreements, to use nuclear material and 
facilities only for peaceful purposes.



EXFOR - Experimental Nuclear Reaction Data

The largest experimental nuclear reaction 
database (www.nndc.bnl.gov/exfor)
• 24,225 experiments (multiple publications are grouped 

into a single measurement).
• 182,512 data sets as of May 31, 2022.
• Essential for Evaluated Nuclear Data File (ENDF) 

libraries worldwide.
• Presently run by the Nuclear Reaction Data Centres

(NRDC), internationally. This is an IAEA network 
which is coordinated by the IAEA.

• Two largest contributors: NNDC & NEA-Databank.
• Every second, third and sixth data points in the library 

were contributed by the NNDC, NEA-Databank and the 
rest of NRDC network, respectively. 

EXFOR philosophy is to compile data as they were 
published (in consultation with authors) unless 
obvious errors are found. Published nuclear reaction 
data contain outliers and discrepancies. 9


