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                                     Abstract
The injection problem in diffusive shock acceleration theory is discussed with particular focus on electrons. The following issues are addressed: Why it has been considered to be so difficult, what is the required condition, and how it can be resolved. It is argued that there exists a critical Mach number above which the electron injection is achieved. Above the threshold, back-streaming electrons reflected back upstream by the shock front can self-generate high-frequency whistler waves, which can scatter themselves as required for subsequent acceleration. The theoretical estimate is found to be well consistent with in-situ measurements, indicating this could provide a possible solution to the long standing problem in the diffusive shock acceleration theory.
Keywords
	Shock Front
	Electron Injection
	Whistler Wave
	Loss Cone
	Collisionless Shock

These keywords were added by machine and not by the authors. This process is experimental and the keywords may be updated as the learning algorithm improves.



                                
                            

                            
                                
                                    
                                        
                                            
                                                
                                                   This is a preview of subscription content, log in via an institution.
                                                
                                            

                                        

                                    
                                
                                
                                    
                                        
                                            
 
  
   Buying options

   
    
     	
       
        Chapter
      
	
       
        USD   29.95
       

      
	
       Price excludes VAT (USA)
      


             
      	Available as PDF
	Read on any device
	Instant download
	Own it forever

Buy Chapter
     

    

    
     	
       
        eBook
      
	
       USD   129.00
      
	
       Price excludes VAT (USA)
      


        
      	Available as EPUB and PDF
	Read on any device
	Instant download
	Own it forever

Buy eBook
     

    

    
     	
       
        Softcover Book
      
	
       USD   169.99
      
	
       Price excludes VAT (USA)
      


        
      	Compact, lightweight edition
	Dispatched in 3 to 5 business days
	Free shipping worldwide - see info

Buy Softcover Book
     

    

    
     	
       
        Hardcover Book
      
	
       USD   169.99
      
	
       Price excludes VAT (USA)
      


        
      	Durable hardcover edition
	Dispatched in 3 to 5 business days
	Free shipping worldwide - see info

Buy Hardcover Book
     

    

   

  

  
   Tax calculation will be finalised at checkout

   Purchases are for personal use only
Learn about institutional subscriptions
  

 

 
 


                                        

                                    
                                
                            

                            

                            
                            
                                
                            


                            

                            

                             References
	R. Blandford, D. Eichler, Phys. Rep. 154(1), 1 (1987)

                    Google Scholar 
                

	N. Shimada, et al., Astrophys. Space Sci. (1), 481 (1999)

                        Google Scholar 
                

	M. Oka, et al., Earth Planets Space 61, 603 (2009)

                        Google Scholar 
                

	M.A. Malkov, H.J. Voelk, Astron. Astrophys. (1995)

                        Google Scholar 
                

	J.G. Kirk, R.O. Dendy, J. Phys. G: Nucl. Partic. 27(7), 1589 (2001)

                        Google Scholar 
                

	S.J. Schwartz, et al., J. Geophys. Res. 93(A11), 12923 (1988)

                        Google Scholar 
                

	K. Papadopoulos, Astrophys. Space Sci. 144, 535 (1988)

                    Google Scholar 
                

	P.J. Cargill, K. Papadopoulos, Astrophys. J. 329, L29 (1988)

                        Google Scholar 
                

	K.G. McClements, et al., Mon. Not. R. Astron. Soc. 291(2), 241 (1997)

                        Google Scholar 
                

	K.G. McClements, et al., Phys. Rev. Lett. 87(25) (2001)

                        Google Scholar 
                

	M. Hoshino, N. Shimada, Astrophys. J. 572(2), 880 (2002)

                    Google Scholar 
                

	T. Amano, M. Hoshino, Astrophys. J. 661(1), 190 (2007)

                    Google Scholar 
                

	T. Amano, M. Hoshino, Astrophys. J. 690(1), 244 (2009)

                    Google Scholar 
                

	A. Levinson, Astrophys. J. 401, 73 (1992)

                    Google Scholar 
                

	C.S. Wu, J. Geophys. Res. 89, 8857 (1984)

                    Google Scholar 
                

	M.M. Leroy, A. Mangeney, Ann. Geophys. 2, 449 (1984)

                    Google Scholar 
                

	M. Oka, et al., Geophys. Res. Lett. 33(24) (2006)

                        Google Scholar 
                

	V.V. Krasnoselskikh, et al., Phys. Plasmas 9(4), 1192 (2002)

                        Google Scholar 
                

	T. Amano, M. Hoshino, Phys. Rev. Lett. 104(18), 181102 (2010)

                    Google Scholar 
                

	C.S. Wu, et al., Space Sci. Rev. 37(1-2), 63 (1984)

                        Google Scholar 
                

	J.T. Gosling, et al., J. Geophys. Res. 94(A8), 10011 (1989)

                        Google Scholar 
                


Download references




 Acknowledgements
T. A. is supported by the Global COE program of Nagoya University (QFPU) and KAKENHI 22740118 from JSPS and MEXT of Japan. This manuscript was written while one of the authors (T. A.) was visiting Max-Planck-Institut für Kernphysik at Heidelberg, Germany.


 Author information
Authors and Affiliations
	Department of Physics, Nagoya University, Nagoya, Japan
Takanobu Amano

	Max-Planck-Institut für Kernphysik, Heidelberg, Germany
Takanobu Amano

	Department of Earth and Planetary Science, University of Tokyo, Tokyo, Japan
Masahiro Hoshino


Authors	Takanobu AmanoView author publications
You can also search for this author in
                        PubMed Google Scholar



	Masahiro HoshinoView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Takanobu Amano .


 Editor information
Editors and Affiliations
	, Inst. of Astro- and Particle Physics, University of Innsbruck, Technikerstr. 25, Innsbruck, 6020, Austria
Manfred P. Leubner 

	, Inst. of Astro- and Particle Physics, University of Innsbruck, Technikerstr. 25, Innsbruck, 6020, Austria
Zoltán Vörös 




 Rights and permissions
Reprints and permissions


 Copyright information
© 2012 Springer-Verlag Berlin Heidelberg


 About this paper
Cite this paper
Amano, T., Hoshino, M. (2012).  Recent Progress in the Theory of Electron Injection in Collisionless Shocks.

                     In: Leubner, M., Vörös, Z. (eds) Multi-scale Dynamical Processes in Space and Astrophysical Plasmas. Astrophysics and Space Science Proceedings, vol 33. Springer, Berlin, Heidelberg. https://doi.org/10.1007/978-3-642-30442-2_16
Download citation
	.RIS
	.ENW
	.BIB

	DOI: https://doi.org/10.1007/978-3-642-30442-2_16

	Published: 21 June 2012

	
                            Publisher Name: Springer, Berlin, Heidelberg

	
                                Print ISBN: 978-3-642-30441-5

	
                                Online ISBN: 978-3-642-30442-2

	eBook Packages: Physics and AstronomyPhysics and Astronomy (R0)


Share this paper
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
                            







 Publish with us
Policies and ethics



                            
                            
    

                        

                    
                
                
                    
                        
                            
                                
                                    
                                        
                                            Access via your institution
                                            
                                                
                                            
                                        
                                    

                                
                            
                        
                        
                            
                        


                        
                            
                        


                        
                            

                                
                                    
                                        
                                            
 
  
   Buying options

   
    
     	
       
        Chapter
      
	
       
        USD   29.95
       

      
	
       Price excludes VAT (USA)
      


             
      	Available as PDF
	Read on any device
	Instant download
	Own it forever

Buy Chapter
     

    

    
     	
       
        eBook
      
	
       USD   129.00
      
	
       Price excludes VAT (USA)
      


        
      	Available as EPUB and PDF
	Read on any device
	Instant download
	Own it forever

Buy eBook
     

    

    
     	
       
        Softcover Book
      
	
       USD   169.99
      
	
       Price excludes VAT (USA)
      


        
      	Compact, lightweight edition
	Dispatched in 3 to 5 business days
	Free shipping worldwide - see info

Buy Softcover Book
     

    

    
     	
       
        Hardcover Book
      
	
       USD   169.99
      
	
       Price excludes VAT (USA)
      


        
      	Durable hardcover edition
	Dispatched in 3 to 5 business days
	Free shipping worldwide - see info

Buy Hardcover Book
     

    

   

  

  
   Tax calculation will be finalised at checkout

   Purchases are for personal use only
Learn about institutional subscriptions
  

 

 
 


                                        

                                    
                                

                                

                                

                                

                            

                        

                    
                

            
    

        
    


    
        
            Search

            
                
                    
                        Search by keyword or author
                        
                            
                            
                                
                                    
                                
                                Search
                            
                        

                    

                
            

        

    



    
        Navigation

        	
                    
                        Find a journal
                    
                
	
                    
                        Publish with us
                    
                
	
                    
                        Track your research
                    
                


    


    
	
		
			
			
	
		
			
			
				Discover content

					Journals A-Z
	Books A-Z


			

			
			
				Publish with us

					Publish your research
	Open access publishing


			

			
			
				Products and services

					Our products
	Librarians
	Societies
	Partners and advertisers


			

			
			
				Our imprints

					Springer
	Nature Portfolio
	BMC
	Palgrave Macmillan
	Apress


			

			
		

	



		
		
		
	
		
				
						
						
							Your privacy choices/Manage cookies
						
					
	
						
							Your US state privacy rights
						
						
					
	
						
							Accessibility statement
						
						
					
	
						
							Terms and conditions
						
						
					
	
						
							Privacy policy
						
						
					
	
						
							Help and support
						
						
					


		
	
	
		
			
				
					
					34.205.135.189
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	





    

    
    
    


