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            Abstract
The Galaxy is filled with cosmic-ray particles, mostly protons with kinetic energies greater than hundreds of megaelectronvolts. Around Earth, trapped energetic protons, electrons and other particles circulate at altitudes from about 500 to 40,000 kilometres in the Van Allen radiation belts. Soon after these radiation belts were discovered six decades ago, it was recognized that the main source of inner-belt protons (with kinetic energies of tens to hundreds of megaelectronvolts) is cosmic-ray albedo neutron decay (CRAND)1. In this process, cosmic rays that reach the upper atmosphere interact with neutral atoms to produce albedo neutrons, which, being prone to Î²-decay, are a possible source of geomagnetically trapped protons and electrons. These protons would retain most of the kinetic energy of the neutrons, while the electrons would have lower energies, mostly less than one megaelectronvolt. The viability of CRAND as an electron source has, however, been uncertain, because measurements have shown that the electron intensity in the inner Van Allen belt can vary greatly, while the neutron-decay rate should be almost constant2,3. Here we report measurements of relativistic electrons near the inner edge of the inner radiation belt. We demonstrate that the main source of these electrons is indeed CRAND, and that this process also contributes to electrons in the inner belt elsewhere. Furthermore, measurement of the intensity of electrons generated by CRAND provides an experimental determination of the neutron density in near-Earth spaceâ€”2â€‰Ã—â€‰10âˆ’9 per cubic centimetreâ€”confirming theoretical estimates4.
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                    Figure 1: Electron flux as a function of longitude in different L shells for the period 4â€“14 January 2013.[image: ]


Figure 2: Dependence of an electronâ€™s drift path on its altitude and L shell.[image: ]


Figure 3: Electron flux as a function of longitude in different L shells for the period 7â€“10 October 2012.[image: ]


Figure 4: Calculations showing the negligent effect of drift-shell splitting.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Confirmation of our findings from other satellite measurements.
Electron flux measured by the DEMTER satellite20, which has an altitude of 710â€‰km and inclination of 98.3Â°, plotted versus geographic longitude for different energies (E) and different L bins, and averaged over every 10Â° for the time period 20â€“30 April 2010. The magnitude of flux of quasi-trapped electrons at 0.5â€‰MeV is the same as that measured by REPTile.


Extended Data Figure 2 Flux conversion on the basis of the Î²-decay spectrum of albedo neutrons and the detectorâ€™s energy response.
The ambient electron flux (J; solid line) is normalized and calculated from equation (1). The dashed line, representing the known Î²-decay spectrum (Ï†(E)), is normalized to a maximum value of 1 (but the value of Ï†â€‰=â€‰1.2 used in the text is normalized with the area under the curve that is equal to 1) and calculated using equation (4) of ref. 21). The response of REPTile channel 1 (Ch1) to normally incident electrons is shown by the dotted line. The y axis shows J, the normalized Î²-decay spectrum (maximum normalized to 1), and the channel 1 efficiency (maximum is 1).





PowerPoint slides
PowerPoint slide for Fig. 1

PowerPoint slide for Fig. 2

PowerPoint slide for Fig. 3

PowerPoint slide for Fig. 4




Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Li, X., Selesnick, R., Schiller, Q. et al. Measurement of electrons from albedo neutron decay and neutron density in near-Earth space.
                    Nature 552, 382â€“385 (2017). https://doi.org/10.1038/nature24642
Download citation
	Received: 22 July 2017

	Accepted: 04 October 2017

	Published: 13 December 2017

	Issue Date: 21 December 2017

	DOI: https://doi.org/10.1038/nature24642


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        








            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        Artificial modification of Earthâ€™s radiation belts by ground-based very-low-frequency (VLF) transmitters
                                    
                                

                            
                                
                                    	Binbin Ni
	Man Hua
	Xin Ma


                                
                                Science China Earth Sciences (2022)

                            
	
                            
                                
                                    
                                        The in-situ exploration of Jupiterâ€™s radiation belts
                                    
                                

                            
                                
                                    	Elias Roussos
	Oliver Allanson
	Zonghua Yao


                                
                                Experimental Astronomy (2022)

                            
	
                            
                                
                                    
                                        Dynamics of the terrestrial radiation belts: a review of recent results during the VarSITI (Variability of the Sun and Its Terrestrial Impact) era, 2014â€“2018
                                    
                                

                            
                                
                                    	Shrikanth Kanekal
	Yoshizumi Miyoshi


                                
                                Progress in Earth and Planetary Science (2021)

                            
	
                            
                                
                                    
                                        The Relativistic Electron-Proton Telescope (REPT) Investigation: Design, Operational Properties, and Science Highlights
                                    
                                

                            
                                
                                    	Daniel N. Baker
	Shrikanth G. Kanekal
	Rachel Filwett


                                
                                Space Science Reviews (2021)

                            


                

            

        
    

            
                Comments
By submitting a comment you agree to abide by our Terms and Community Guidelines. If you find something abusive or that does not comply with our terms or guidelines please flag it as inappropriate.



                
                    
                    

                

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        Editorial Summary
Source of electrons in Earth's inner radiation belt
When cosmic rays hit the upper atmosphere, the collisions with atoms create 'albedo neutrons' which subsequently decay to protons and electrons (and electron antineutrinos) with a half-life of about 10 minutes. This is the main source of the protons trapped in Earth's Van Allen radiation belts. In principle, this process could also be the source of the trapped electrons, but it has been difficult to clarify because the electron intensity varies greatly whereas the neutron-decay rate should be fairly constant. Xinlin Li and collaborators report measurements of the electron density near the inner edge of the inner radiation belt and demonstrate that this population of electrons indeed comes from neutron decay.
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