







    Skip to main content




    
        
        Thank you for visiting nature.com. You are using a browser version with limited support for CSS. To obtain
            the best experience, we recommend you use a more up to date browser (or turn off compatibility mode in
            Internet Explorer). In the meantime, to ensure continued support, we are displaying the site without styles
            and JavaScript.


    




    

    
            

            
                
                    Advertisement

                    
        
            
    
        
            
                [image: Advertisement]
        

    


        
    
                

            
        

    
        
            
                
                    
                    
                    
                        
                        
                            
                                
                                [image: Nature]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	letters

	
                                    article


    
        
        
            
            
                
                    	Letter
	Published: 29 June 2015



                    Global-scale coherence modulation of radiation-belt electron loss from plasmaspheric hiss

                    	A. W. Breneman1, 
	A. Halford2, 
	R. Millan2, 
	M. McCarthy3, 
	J. Fennell4, 
	J. Sample5, 
	L. Woodger2, 
	G. Hospodarsky6, 
	J. R. Wygant1, 
	C. A. Cattell1, 
	J. Goldstein7, 
	D. Malaspina8 & 
	â€¦
	C. A. Kletzing6Â 

Show authors

                    

                    
                        
    Nature

                        volumeÂ 523,Â pages 193â€“195 (2015)Cite this article
                    

                    
        
            	
                        2692 Accesses

                    
	
                        82 Citations

                    
	
                            74 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Magnetospheric physics


    


                
    
    

    
    

                
            


        
            Abstract
Over 40 years ago it was suggested that electron loss in the region of the radiation belts that overlaps with the region of high plasma density called the plasmasphere, within four to five Earth radii1,2, arises largely from interaction with an electromagnetic plasma wave called plasmaspheric hiss3,4,5. This interaction strongly influences the evolution of the radiation belts during a geomagnetic storm, and over the course of many hours to days helps to return the radiation-belt structure to its â€˜quietâ€™ pre-storm configuration. Observations have shown that the long-term electron-loss rate is consistent with this theory but the temporal and spatial dynamics of the loss process remain to be directly verified. Here we report simultaneous measurements of structured radiation-belt electron losses and the hiss phenomenon that causes the losses. Losses were observed in the form of bremsstrahlung X-rays generated by hiss-scattered electrons colliding with the Earth's atmosphere after removal from the radiation belts. Our results show that changes of up to an order of magnitude in the dynamics of electron loss arising from hiss occur on timescales as short as one to twenty minutes, in association with modulations in plasma density and magnetic field. Furthermore, these loss dynamics are coherent with hiss dynamics on spatial scales comparable to the size of the plasmasphere. This nearly global-scale coherence was not predicted and may affect the short-term evolution of the radiation belts during active times.
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                    Figure 1: Comparison of satellite and balloon data showing large-scale coherence.[image: ]


Figure 2: The extent over which the hiss source region is modulated.[image: ]


Figure 3: Comparison of plasmaspheric hiss and electron precipitation.[image: ]
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Extended data figures and tables

Extended Data Figure 1 The detection of loss cone electrons by a balloon.
The Van Allen probes (labelled here A and B) pass through the hiss source region at the magnetic equator (3REâ€“6RE, 40,000 km altitude) on field lines that can connect to the BARREL balloons. The red hatched line shows values of 2RE, 4RE and 6RE. The shaded green volume shows the balloon field of view and the white lines represent electrons propagating along and gyrating about magnetic field lines. At an altitude of 70 km, where bremsstrahlung X-rays are typically created, the cross-section of this field of view is a circle about 100 km in radius. Mapped along magnetic field lines to the magnetic equator, this becomes a circle of radius 0.5RE (about 3,200 km).


Extended Data Figure 2 Comparison of predicted resonance energies to observed energies.
a, Calculation of first-order cyclotron resonance energies (6 January 2014, 20:00â€“22:00 ut) from in situ data on PA versus L. The three lines are resonant energies determined from the minimum (red), peak (black) and maximum hiss (orange) frequencies. b, MagEIS electron flux levels on PA versus L. The horizontal extent of each shaded box shows the L crossed by the balloons. The vertical extent is a mapping of the range of resonant energies from a across the observed energies from MagEIS.


Extended Data Figure 3 Analysis suggesting that hiss is directly responsible for observed electron loss
Coherence and power spectra from PA and BI of fluctuating quantity pairs [image: ]/X-rays, hiss amplitude/X-rays, magnetic field/X-rays, density/X-rays, and 54-keV electron flux/X-rays. The left plot in each row shows detrended quantity pairs while the right plot is the respective power spectral comparison for fluctuation periods from 1â€“20 min. To provide comparisons between spectra with different units, values are presented in decibels relative to the power of each curve at the 16.7-min period.
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        Editorial Summary
Rapid change in Earth's radiation belts
The Van Allen radiation belts, consisting of energetic particles trapped in the Earth's magnetosphere, partly overlap with the plasmasphere, a region of high density that co-rotates with the Earth. Where this overlap occurs there is electron loss in the radiation belts. Long-term observations to date have been consistent with the theory that electron loss is due largely to interaction with an electromagnetic plasma wave called plasmaspheric hiss, but the temporal and spatial dynamics of the loss process remained unclear. This study uses simultaneous measurements of radiation-belt electron loss and plasmaspheric hiss to show that losses in the form of bremsstrahlung X-rays generated within the Earth's atmosphere arise from hiss-scattered electrons colliding with atmospheric neutrals after removal from the radiation belts. Loss dynamics are coherent with the hiss dynamics on spatial scales comparable to the size of the plasmasphere, and are subject to change on timescales as short as 1 to 20 minutes.
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