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    Abstract

        
            Large amplitude compressional type waves, with frequencies ranging from 10--500 mHz, are nearly always found in the magnetosheath near the magnetopause where there are large gradients in density, pressure and magnetic field. As compressional waves propagation to the magnetopause, there gradients efficiently couple them with shear/kinetic Alfven waves near the Alfven field-line resonance location ({omega} = k{sub {parallel}} v{sub A}). The authors present a solution of the kinetic-MHD wave equations for this process using a realistic equilibrium profile including full ion Larmor radius effects and wave-particle resonance interactions for electrons and ions to model the dissipation. For northward IMF a KAW propagates backward to the magnetosheath. For southward IMF the wave remains in the magnetopause but can propagate through the k{sub {parallel}} = 0 location. The quasi-linear theory predicts that KAWs produce plasma transport with a diffusion coefficient D{sub {perpendicular}} {approximately} 10{sup 9} m{sup 2}/s and plasma convection on the order of 1 km/s. However, for southward IMF additional transport can occur because magnetic islands form at the k{sub {parallel}} = 0 location. Due to the broadband nature of the observed waves these islands can overlap leading to stochastic transport which is much larger than that due to quasilinear effects.

        

    


                        

    	Authors: 
	














    
    
        
        
        
        
        
    

    
    
        
        
        
        
        
    



    Johnson, J R; 
    

    Cheng, C Z
    







                	Publication Date: 
	Thu May 01 00:00:00 EDT 1997


    	Research Org.: 
	Princeton Univ., Princeton Plasma Physics Lab., NJ (United States)


            	Sponsoring Org.: 
	USDOE Office of Energy Research, Washington, DC (United States); National Science Foundation, Washington, DC (United States)


            	OSTI Identifier: 
	304098


            	Report Number(s): 
	PPPL-3232
 ON: DE97052374; CNN: Grant ATM-9523331; TRN: 99:002022


                    	DOE Contract Number:  
	AC02-76CH03073


                	Resource Type: 
	Technical Report


                        	Resource Relation: 
	Other Information: PBD: [1997]


                        	Country of Publication: 
	United States


                	Language: 
	English


                	Subject: 
	66 PHYSICS; MAGNETOPAUSE; ALFVEN WAVES; WAVE PROPAGATION; MAGNETOSHEATH; PLASMA DRIFT; INTERPLANETARY MAGNETIC FIELDS; CHARGED-PARTICLE TRANSPORT


                


                        
                            

                            
    
    Citation Formats

    
    
        	MLA
	APA
	Chicago
	BibTeX


    


    
            
        
            
                
                    Johnson, J R, and Cheng, C Z. Kinetic Alfven waves and plasma transport at the magnetopause.  United States: N. p., 1997. 
        Web.  doi:10.2172/304098. 
            

             Copy to clipboard

        
            
        
            
                
                    Johnson, J R, & Cheng, C Z. Kinetic Alfven waves and plasma transport at the magnetopause.  United States.  https://doi.org/10.2172/304098 
            

             Copy to clipboard

        
                
        
            
                
                    Johnson, J R, and Cheng, C Z. 1997.  
        "Kinetic Alfven waves and plasma transport at the magnetopause".  United States.  https://doi.org/10.2172/304098.  https://www.osti.gov/servlets/purl/304098. 
            

             Copy to clipboard

        

        
            
                
                    
@article{osti_304098,

  title        = {Kinetic Alfven waves and plasma transport at the magnetopause},

  author       = {Johnson, J R and Cheng, C Z},

  abstractNote = {Large amplitude compressional type waves, with frequencies ranging from 10--500 mHz, are nearly always found in the magnetosheath near the magnetopause where there are large gradients in density, pressure and magnetic field. As compressional waves propagation to the magnetopause, there gradients efficiently couple them with shear/kinetic Alfven waves near the Alfven field-line resonance location ({omega} = k{sub {parallel}} v{sub A}). The authors present a solution of the kinetic-MHD wave equations for this process using a realistic equilibrium profile including full ion Larmor radius effects and wave-particle resonance interactions for electrons and ions to model the dissipation. For northward IMF a KAW propagates backward to the magnetosheath. For southward IMF the wave remains in the magnetopause but can propagate through the k{sub {parallel}} = 0 location. The quasi-linear theory predicts that KAWs produce plasma transport with a diffusion coefficient D{sub {perpendicular}} {approximately} 10{sup 9} m{sup 2}/s and plasma convection on the order of 1 km/s. However, for southward IMF additional transport can occur because magnetic islands form at the k{sub {parallel}} = 0 location. Due to the broadband nature of the observed waves these islands can overlap leading to stochastic transport which is much larger than that due to quasilinear effects.},

  doi          = {10.2172/304098},

  url          = {https://www.osti.gov/biblio/304098},
  journal      = {},
number       = ,

  volume       = ,

  place        = {United States},

  year         = {Thu May 01 00:00:00 EDT 1997},

  month        = {Thu May 01 00:00:00 EDT 1997}

}
    
            

             Copy to clipboard

        
            
    



    
    



                        

                    

                    
                        

                
Technical Report:


    
                                     View Technical Report (0.85 MB)
                                

                            https://doi.org/10.2172/304098


    


    Save / Share:
    
        
        
            Export Metadata  
            
                	Endnote
	RIS
	CSV / Excel
	XML
	JSON


            
            
        

        
            Save to My Library
                    
                        
                            You must Sign In or Create an Account in order to save documents to your library.
                        

                    
            
                

        
            
                	
                    Facebook
                
	
                    Twitter
                
	Email
                
	Print
                
	
                    More share options
                    
                        	 LinkedIn
	 Pinterest
	 Tumblr


                    
            
                


            

        

                
    


                    

                

            
                    
            
            
            
                
                
                
                
                

            
            
                    
            
            
            
            
            
            
            
                
                    

                        
                            
                                Similar records in OSTI.GOV collections:

                                
                                	
            










                    MHD waves, reconnection, and plasma transport at the dayside magnetopause

                    
                        Conference
                            Johnson, J; Cheng, C
                            

                    The magnetic field of the Earth creates a huge cavity in the solar wind known as the magnetosphere. The transition region between the solar wind plasma and magnetosphere plasma is of substantial interest because many magnetospheric processes are governed by the transport of particles, momentum and energy across that boundary. At this boundary, the magnetopause, there is an abrupt decrease in plasma bulk flow, density and pressure, and large increase in temperature and magnetic field. Throughout this region the plasmas is large. Large amplitude compressional waves are nearly always found in the region just outside of the magnetopause. These wavesmore » are either intrinsic solar wind fluctuations or they may be global mirror modes which are generated in a localized region of large pressure anisotropy just outside the magnetopause. The substantial background gradients observed at the magnetopause strongly couple the compressional waves with kinetic Alfven waves near the Alfven resonance location, leading to substantial particle transport. Moreover, for a sheared background magnetic field, as is found at times of southward interplanetary magnetic field, the mode converted kinetic Alfven waves can propagate to the location where k{sub {parallel}} = 0 and generate islands in phase space. We present a solution of the kinetic-MHD wave equations for the magnetic field structure based on a realistic steady state profile which includes: a sheared magnetic field; magnetic curvature; and gradients in the background density, pressure and magnetic field. We incorporate wave-particle resonance interactions for electrons and ions to obtain the dissipation. The background magnetic Keld curvature and gradient give rise to drifts which alter the resonance condition for the various particle species ({omega} - k {circ} V{sub d} - k{sub {parallel}}v{sub {parallel}}) and reduces the Landau damping of the kinetic Alfven wave, allowing it to propagate to the k{sub {parallel}} = 0 location.« less

                        
                            
                            
                    

                    

                

            
        		
    
                                        
                                    
                                        	
            



                    Foreshock wave interaction with the magnetopause: Signatures of mode conversion

                    
                        Journal Article
                            Shi, Feng; Cheng, Lei; Lin, Yu; ...  - Journal of Geophysical Research. Space Physics
                            

                    Our previous hybrid simulation under a radial interplanetary magnetic field (IMF) and a supercritical solar wind Mach number has shown that foreshock compressional waves originated from the quasi–parallel (Q–∥) shock are mode converted to kinetic Alfvén waves (KAWs) at the Alfvén resonance surface of the subsolar magnetopause. In this paper, three–dimensional global dayside mode conversion is investigated for cases under various solar wind conditions using the global hybrid model. The global patterns and propagations of KAWs are distinguished and presented. Under a near–critical Mach number (MA=3), KAW structures due to mode conversion exhibit a feature of broader excitation regions inmore » the magnetopause boundary layer (MPBL) compared to supercritical Mach number (MA=5) shocks. For cases with an oblique IMF with supercritical Mach numbers (MA=5), the amplitude of magnetosheath compressional waves is larger at the quasi–parallel shock (Q–∥) than at the quasi–perpendicular (Q–⊥) shock. Downstream of the Q–∥ shock, there is a general trend that the perturbations of density (N) and magnetic field (B) change from predominantly in–phase in the magnetosheath to antiphase near the MPBL. While downstream of the Q–⊥ shock, an antiphase relation between N and B is dominant throughout the magnetosheath and magnetopause except near the shock transition. The compressional drivers are found to reach an extended region of the magnetopause due to the combined effects of wave propagation in the plasma frame and flow convection, leading to a broad region of mode conversion at the magnetopause. Subsequently, the resulting KAWs can be carried to the regions downstream of the Q–⊥ shock owing to the flow convection at the magnetopause. Furthermore the KAWs propagate poleward along the geomagnetic field lines and meanwhile are carried tailward by the ambient flows, and they are more intense in the downstream of Q–∥ shocks than downstream of Q–⊥ shocks.« less
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                    Kinetic Alfven Waves at the Magnetopause--Mode Conversion, Transport and Formation of LLBL

                    
                        Technical Report
                            Johnson, Jay; Cheng, C
                            

                    At the magnetopause, large amplitude, low-frequency (ULF), transverse MHD waves are nearly always observed. These waves likely result from mode conversion of compressional MHD waves observed in the magnetosheath to kinetic Alfven waves at the magnetopause where there is a steep gradient in the Alfven velocity [Johnson and Cheng, Geophys. Res. Lett. 24 (1997) 1423]. The mode-conversion process can explain the following wave observations typically found during satellite crossings of the magnetopause: (1) a dramatic change in wave polarization from compressional in the magnetosheath to transverse at the magnetopause, (2) an amplification of wave amplitude at the magnetopause, (3) amore » change in Poynting flux from cross-field in the magnetosheath to field-aligned at the magnetopause, and (4) a steepening in the wave power spectrum at the magnetopause. We examine magnetic field data from a set of ISEE1, ISEE2, and WIND magnetopause crossings and compare with the predictions of theoretical wave solutions based on the kinetic-fluid model with particular attention to the role of magnetic field rotation across the magnetopause. The results of the study suggest a good qualitative agreement between the observations and the theory of mode conversion to kinetic Alfven waves. Because mode-converted kinetic Alfven waves readily decouple particles from the magnetic field lines, efficient quasilinear transport (D {approx} 109m2/s) can occur. Moreover, if the wave amplitude is sufficiently large (Bwave/B0 > 0.2) stochastic particle transport also occurs. This wave-induced transport can lead to significant heating and particle entry into the low latitude boundary layer across closed field lines.At the magnetopause, large amplitude, low-frequency (ULF), transverse MHD waves are nearly always observed. These waves likely result from mode conversion of compressional MHD waves observed in the magnetosheath to kinetic Alfven waves at the magnetopause where there is a steep gradient in the Alfven velocity [Johnson and Cheng, Geophys. Res. Lett. 24 (1997) 1423]. The mode-conversion process can explain the following wave observations typically found during satellite crossings of the magnetopause: (1) a dramatic change in wave polarization from compressional in the magnetosheath to transverse at the magnetopause, (2) an amplification of wave amplitude at the magnetopause, (3) a change in Poynting flux from cross-field in the magnetosheath to field-aligned at the magnetopause, and (4) a steepening in the wave power spectrum at the magnetopause. We examine magnetic field data from a set of ISEE1, ISEE2, and WIND magnetopause crossings and compare with the predictions of theoretical wave solutions based on the kinetic-fluid model with particular attention to the role of magnetic field rotation across the magnetopause. The results of the study suggest a good qualitative agreement between the observations and the theory of mode conversion to kinetic Alfven waves. Because mode-converted kinetic Alfven waves readily decouple particles from the magnetic field lines, efficient quasilinear transport (D {approx} 10{sup 9}m{sup 2}/s) can occur. Moreover, if the wave amplitude is sufficiently large (B{sub wave}/B{sub 0} > 0.2) stochastic particle transport also occurs. This wave-induced transport can lead to significant heating and particle entry into the low latitude boundary layer across closed field lines.« less
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                    Magnetopause Reconnection as Influenced by the Dipole Tilt Under Southward IMF Conditions: Hybrid Simulation and MMS Observation

                    
                        Journal Article
                            Guo, Zhifang; Lin, Yu; Wang, Xueyi; ...  - Journal of Geophysical Research. Space Physics
                            

                    Abstract Using a three‐dimensional (3‐D) global‐scale hybrid code, the Magnetospheric Multiscale (MMS) reconnection event around 02:13 UT on 18 November 2015, highlighted in the Geospace Environment Modeling (GEM) Dayside Kinetic Challenge, is simulated, in which the interplanetary magnetic field (IMF) points southward and the geomagnetic field has a −27° dipole tilt angle. Strong southward plasma jets are found near the magnetopause as a result of the dayside reconnection. Our results indicate that the subsolar magnetopause reconnection X line shifts from the subsolar point toward the Northern Hemisphere due to the effect of the tilted geomagnetic dipole angle, consistent with the MMSmore » observation. Subsequently, the reconnection X lines or sites and reconnection flux ropes above the equator propagate northward along the magnetopause. The formation and global distribution of the X lines and the structure of the magnetopause reconnection are investigated in detail with the simulation. Mirror mode waves are also found in the middle of the magnetosheath downstream of the quasi‐perpendicular shock where the plasma properties are consistent with the mirror instability condition. As a special outcome of the GEM challenge event, the spatial and temporal variations in reconnection, the electromagnetic power spectra, and the associated D‐shaped ion velocity distributions in the simulated reconnection event are compared with the MMS observation.« less
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                    Observations of reconnection of interplanetary and lobe magnetic field lines at the high-latitude magnetopause

                    
                        Journal Article
                            Gosling, J; Thomsen, M; Bame, S; ...  - Journal of Geophysical Research; (United States)
                            

                    Measurements made with the Fast Plasma Experiment on ISEE 2 in the vicinity of the high-latitude, dusk magnetopause near the terminator plane, at a time when the local magnetosheath and tail lobe magnetic fields were nearly oppositely directed, provide direct evidence for the reconnection of the open field lines of the tail lobes with the interplanetary magnetic field (IMF). The evidence consists primarily of observations of accelerated magnetosheath plasma flowing both tailward and sunward within the high-latitude magnetopause current layer. Observed speed changes at the magnetopause were of the order of twice the magnetosheath Alfven speed and were quantitatively consistentmore » with the predictions of reconnection models. At times when the newly entering magnetosheath plasma observed at ISEE 2 was accelerated sunward a secondary beam of ions, presumably mirrored at low altitudes, was occasionally present. At times when the newly entering magnetosheath plasma observed by ISEE 2 was accelerated tailward a secondary beam of largely unaccelerated mantle plasma was occasionally present. Small plasma accelerations observed on reconnected field lines in the magnetosheath were associated with the presence of ions reflected at the magnetopause and moving at a speed of approximately twice the Alfven speed relative to the remainder of the magnetosheath plasma. Although previous work has anticipated that the re-reconnection of the open field lines of the tail lobes with the IMF would be associated with northward IMF in the magnetosheath, the present reconnection event was associated with a local magnetosheath IMF which had a small southward component.« less
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