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		Abstract

		Neuronal cell types are the nodes of neural circuits that determine the flow of information within the brain. Neuronal morphology, especially the shape of the axonal arbor, provides an essential descriptor of cell type and reveals how individual neurons route their output across the brain. Despite the importance of morphology, few projection neurons in the mouse brain have been reconstructed in their entirety. Here we present a robust and efficient platform for imaging and reconstructing complete neuronal morphologies, including axonal arbors that span substantial portions of the brain. We used this platform to reconstruct more than 1,000 projection neurons in the motor cortex, thalamus, subiculum, and hypothalamus. Together, the reconstructed neurons comprise more than 75 meters of axonal length and are available in a searchable online database. Axonal shapes revealed previously unknown subtypes of projection neurons and suggest organizational principles of long-range connectivity. 


	

	

	
		
		


	

	
	

		
		

	
	


	

	
	
	
		
	
	
	

	
	
	

	
    

    
	

	
	
	

	
	

























    	
	
	
	
   	
	
	
	
	
	            
	















	











    
    










    
    
    
    
















	



    




	
		Suggested Citation:
		Suggested Citation
	

	
		
			Winnubst,  Johan and Bas,  Erhan and Ferreira,  Tiago A. and Wu,  Zhuhao and Economo,  Michael N. and Edson,  Patrick and Arthur,  Ben J. and Bruns,  Christopher and Rokicki,  Konrad and Schauder,  David and Olbris,  Donald J. and Murphy,  Sean D. and Ackerman,  David G. and Arshadi,  Cameron and Baldwin,  Perry and Blake,  Regina and Elsayed,  Ahmad and Hasan,  Mashtura and Ramirez,  Daniel and Dos Santos,  Bruno and Weldon,  Monet and Zafar,  Amina and Dudmann,  Joshua T. and Gerfen,  Charles R. and Hantman,  Adam W. and Korff,  Wyatt and Sternson,  Scott M. and Spruston,  Nelson and Svoboda,  Karel and Chandrashekar,  Jayaram, Reconstruction of 1,000 Projection Neurons Reveals New Cell Types and Organization of Long-Range Connectivity in the Mouse Brain (February 7, 2019).  Available at SSRN: https://ssrn.com/abstract=3330557 or http://dx.doi.org/10.2139/ssrn.3330557 
		
	

	

	
	
		
			This version of the paper has not been formally peer reviewed.
		

	
	

	
		
	

	
		




	

	
	
		

	










    
    










    
    
    
    





















	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	

	


	























	
	

		

		

		
		
		

		
		
			
				
					
						Johan Winnubst

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Howard Hughes Medical Institute (HHMI) - Chevy Chase - Janelia Research Campus 

			

			
			
				
				
				
					19700 Helix Drive
Ashburn, VA  20147
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Erhan Bas

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Howard Hughes Medical Institute (HHMI) - Chevy Chase - Janelia Research Campus 

			

			
			
				
				
				
					19700 Helix Drive
Ashburn, VA  20147
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Amazon.com, Inc. 

			

			
			
				
				
				
					Seattle, WA  98144
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Tiago A. Ferreira

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Howard Hughes Medical Institute (HHMI) - Chevy Chase - Janelia Research Campus 

			

			
			
				
				
				
					19700 Helix Drive
Ashburn, VA  20147
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Zhuhao Wu

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Rockefeller University - Laboratory of Molecular Genetics 

			

			
			
				
				
				
					New York, NY  92373
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Michael N. Economo

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Howard Hughes Medical Institute (HHMI) - Chevy Chase - Janelia Research Campus 

			

			
			
				
				
				
					19700 Helix Drive
Ashburn, VA  20147
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Patrick Edson

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Leap Scientific LLC 

			

			
			
				
				
				
					Hooksett, NH  03106
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Ben J. Arthur

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Howard Hughes Medical Institute (HHMI) - Chevy Chase - Janelia Research Campus 

			

			
			
				
				
				
					19700 Helix Drive
Ashburn, VA  20147
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Christopher Bruns

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Howard Hughes Medical Institute (HHMI) - Chevy Chase - Janelia Research Campus 

			

			
			
				
				
				
					19700 Helix Drive
Ashburn, VA  20147
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Environmental Systems Research Institute 

			

			
			
				
				
				
					Redlands, CA  92373
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Konrad Rokicki

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Howard Hughes Medical Institute (HHMI) - Chevy Chase - Janelia Research Campus 

			

			
			
				
				
				
					19700 Helix Drive
Ashburn, VA  20147
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						David Schauder

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Howard Hughes Medical Institute (HHMI) - Chevy Chase - Janelia Research Campus 

			

			
			
				
				
				
					19700 Helix Drive
Ashburn, VA  20147
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Donald J. Olbris

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Howard Hughes Medical Institute (HHMI) - Chevy Chase - Janelia Research Campus 

			

			
			
				
				
				
					19700 Helix Drive
Ashburn, VA  20147
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Sean D. Murphy

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Howard Hughes Medical Institute (HHMI) - Chevy Chase - Janelia Research Campus 

			

			
			
				
				
				
					19700 Helix Drive
Ashburn, VA  20147
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						David G. Ackerman

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Howard Hughes Medical Institute (HHMI) - Chevy Chase - Janelia Research Campus 

			

			
			
				
				
				
					19700 Helix Drive
Ashburn, VA  20147
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Cameron Arshadi

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Howard Hughes Medical Institute (HHMI) - Chevy Chase - Janelia Research Campus 

			

			
			
				
				
				
					19700 Helix Drive
Ashburn, VA  20147
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Perry Baldwin

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Howard Hughes Medical Institute (HHMI) - Chevy Chase - Janelia Research Campus 

			

			
			
				
				
				
					19700 Helix Drive
Ashburn, VA  20147
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Regina Blake

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Howard Hughes Medical Institute (HHMI) - Chevy Chase - Janelia Research Campus 

			

			
			
				
				
				
					19700 Helix Drive
Ashburn, VA  20147
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Ahmad Elsayed

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Howard Hughes Medical Institute (HHMI) - Chevy Chase - Janelia Research Campus 

			

			
			
				
				
				
					19700 Helix Drive
Ashburn, VA  20147
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Mashtura Hasan

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Howard Hughes Medical Institute (HHMI) - Chevy Chase - Janelia Research Campus 

			

			
			
				
				
				
					19700 Helix Drive
Ashburn, VA  20147
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Daniel Ramirez

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Howard Hughes Medical Institute (HHMI) - Chevy Chase - Janelia Research Campus 

			

			
			
				
				
				
					19700 Helix Drive
Ashburn, VA  20147
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Bruno Dos Santos

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Howard Hughes Medical Institute (HHMI) - Chevy Chase - Janelia Research Campus 

			

			
			
				
				
				
					19700 Helix Drive
Ashburn, VA  20147
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Monet Weldon

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Howard Hughes Medical Institute (HHMI) - Chevy Chase - Janelia Research Campus 

			

			
			
				
				
				
					19700 Helix Drive
Ashburn, VA  20147
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Amina Zafar

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Howard Hughes Medical Institute (HHMI) - Chevy Chase - Janelia Research Campus 

			

			
			
				
				
				
					19700 Helix Drive
Ashburn, VA  20147
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Joshua T. Dudmann

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Howard Hughes Medical Institute (HHMI) - Chevy Chase - Janelia Research Campus 

			

			
			
				
				
				
					19700 Helix Drive
Ashburn, VA  20147
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Charles R. Gerfen

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Government of the United States of America - Intramural Research Program (NIMH) 

			

			
			
				
				
				
					Bethesda, Maryland
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Adam W. Hantman

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Howard Hughes Medical Institute (HHMI) - Chevy Chase - Janelia Research Campus 

			

			
			
				
				
				
					19700 Helix Drive
Ashburn, VA  20147
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Wyatt Korff

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Howard Hughes Medical Institute (HHMI) - Chevy Chase - Janelia Research Campus 

			

			
			
				
				
				
					19700 Helix Drive
Ashburn, VA  20147
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Scott M. Sternson

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Howard Hughes Medical Institute (HHMI) - Chevy Chase - Janelia Research Campus 

			

			
			
				
				
				
					19700 Helix Drive
Ashburn, VA  20147
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Nelson Spruston

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Howard Hughes Medical Institute (HHMI) - Chevy Chase - Janelia Research Campus 

			

			
			
				
				
				
					19700 Helix Drive
Ashburn, VA  20147
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Karel Svoboda

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
					
				
					
					
					
				
			

			
				
				
				


				Howard Hughes Medical Institute (HHMI) - Chevy Chase - Janelia Research Campus 

			

			
			
				
				
				
					19700 Helix Drive
Ashburn, VA  20147
United States

				

				
			

			

		

		
	

	

	
	

		

		

		
		
		

		
		
			
				
					
						Jayaram Chandrashekar (Contact Author)

					
			
		

		
		
		
		

		
		
			
				
			

			
				
				
				
					
					
					
					
				
					
					
					
						
					
				
			

			
				
				
				


				Howard Hughes Medical Institute (HHMI) - Chevy Chase - Janelia Research Campus  ( email )

			

			
			
				
				
				
					19700 Helix Drive
Ashburn, VA  20147
United States

				

				
			

			

		

		
	

	





	

	

	
	
		
	

	

	
	




				
				
				









	
	    












    
    






    
    







    









    
        
        
        
            
            

            

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    [image: PDF icon]Download This Paper
                    
                
            

        
    
        
    

            
            
                

                

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Open PDF in Browser
                    
                
            

        
    
        
    
            
        

    




















	














	
	    







 



	




	







	







































				
					
						

						
						Please enable JavaScript to view the comments powered by Disqus.

					

				

				

				
					
						

						
						

						

						
						

					
				

			


			
				
					
						
						
	










	
	    














	
	    














	
	    







	
		Click here to go to Cell.com

		
			

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Go to Cell.com
                    
                
            

        
    
        
    
		

	



					

				
				
					
					


	












	
	
	








	
		
			Paper statistics

		

	


	
		
		 
			
				Downloads

				       64

			

		
		
		
			Abstract Views

			    2,045

		

		
		
	


	
		
            
            	        7 Citations
		

	

	
		
			
				       99 References
		

	



	
		PlumX Metrics

		
			
		

		
			
		

	





				


				
				
					
					

					
						
					

					
						
					

					
						
					

					
						
							
								
									
										Cell Press Journals on Sneak Peek
									

									
										
											All Journals (9196)
										
											Cancer Cell (105)
										
											Cell (577)
										
											Cell Chemical Biology (141)
										
											Cell Genomics (21)
										
											Cell Host & Microbe (186)
										
											Cell Metabolism (144)
										
											Cell Press Community (115)
										
											Cell Reports (2103)
										
											Cell Reports Medicine (226)
										
											Cell Reports Methods (166)
										
											Cell Reports Physical Science (210)
										
											Cell Reports Sustainability (0)
										
											Cell Stem Cell (155)
										
											Cell Systems (84)
										
											Chem (155)
										
											Chem Catalysis (0)
										
											Current Biology (652)
										
											Developmental Cell (284)
										
											Device (0)
										
											Immunity (242)
										
											iScience (2199)
										
											Joule (307)
										
											Matter (146)
										
											Med (40)
										
											Molecular Cell (191)
										
											Neuron (395)
										
											One Earth (84)
										
											Patterns (121)
										
											Structure (141)
										
									

								

							
						

					

				
				
					

    
        
            Related eJournals

        	
                    Cognitive Neuroscience eJournal

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Cognitive Neuroscience eJournal

                                
                                    Subscribe to this fee journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                              752

                                    

                                    
                                        PAPERS

                                            1,451

                                    

                                

                                
                                    
                                        This Journal is curated by:

                                        Mark B. Turner at Case Western Reserve University - Department of Cognitive Science

                                    

                                
                            

                        

                    

                
	
                    Neurobiology eJournal

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Neurobiology eJournal

                                
                                    Subscribe to this fee journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                               96

                                    

                                    
                                        PAPERS

                                            3,685

                                    

                                

                                
                            

                        

                    

                


            

            
                
                

                	
                    Neurology eJournal

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Neurology eJournal

                                
                                    Subscribe to this free journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                               92

                                    

                                    
                                        PAPERS

                                            4,631

                                    

                                

                                
                            

                        

                    

                
	
                    Radiology & Medical Imaging eJournal

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Radiology & Medical Imaging eJournal

                                
                                    Subscribe to this fee journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                               49

                                    

                                    
                                        PAPERS

                                              945

                                    

                                

                                
                            

                        

                    

                
	
                    Computational Neuroscience & Artificial Neural Networks eJournal

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Computational Neuroscience & Artificial Neural Networks eJournal

                                
                                    Subscribe to this fee journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                               23

                                    

                                    
                                        PAPERS

                                              891

                                    

                                

                                
                            

                        

                    

                
	
                    Cell Press

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Cell Press

                                
                                    Subscribe to this free journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                               20

                                    

                                    
                                        PAPERS

                                            9,196

                                    

                                

                                
                            

                        

                    

                
	
                    Animal Law, Welfare, Ethics & Forensics eJournal

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Animal Law, Welfare, Ethics & Forensics eJournal

                                
                                    Subscribe to this fee journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                               13

                                    

                                    
                                        PAPERS

                                              799

                                    

                                

                                
                            

                        

                    

                
	
                    Small Animal Research eJournal

                    
                        
                        

    

    

    

    

    

    


        
            

    

    

    

    

    

    


        
            
                
                    Follow
                    
                
            

        
    
        
    

                        

                        
                            

                            
                            
                                Small Animal Research eJournal

                                
                                    Subscribe to this fee journal for more curated articles on this topic
                                

                                
                                    
                                        FOLLOWERS

                                                9

                                    

                                    
                                        PAPERS

                                              505

                                    

                                

                                
                            

                        

                    

                



                
            

            
        
        
        
                 
        
        

    


				


				
					
					

















				

			

		


		
				
					Feedback
					
				

			

			


	
		
		Feedback to SSRN

		
			
				
					Feedback
					 (required)
				
				
			

			
				
					Email
					 (required)
				
				
			

			
				Submit
				
			
		

		

		If you need immediate assistance, call 877-SSRNHelp (877 777 6435) in the United States, or +1 212 448 2500 outside of the United States, 8:30AM to 6:00PM U.S. Eastern, Monday - Friday.

	







	

	
	
		
		

	




	
	





  
  

	
	
		
	


	
	
		
			
			
		
	
		
			
				
			
			
		
	
		
	
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	
		
			
				
			
			
		
	


	
	
	






		
		









	
		
	






	
		
			
			
				SSRN Quick Links 

					SSRN Solutions
	Research Paper Series
	Conference Papers
	Partners in Publishing
	Jobs & Announcements
	Special Topic Hubs


			

			
				SSRN Rankings 

					Top Papers
	Top Authors
	Top Organizations


			

			
				About SSRN 

					Network Directors
	Announcements
	Contact us
	FAQs


			

			
		

			
	
	


		
			
				
			

			
				
					Copyright
					Terms and Conditions
					Privacy Policy
				

				
					All content on this site: Copyright Â© 2023 Elsevier Inc., its licensors, and contributors. All rights are reserved, including those for text and data mining, AI training, and similar technologies. For all open access content, the Creative Commons licensing terms apply.

					We use cookies to help provide and enhance our service and tailor content.

					To learn more, visit
					Cookie Settings.
					
						
							
							This page was processed by aws-apollo-l200 in   0.415 seconds 
						
					
					

				

			

			
				
			

		

	









	
		
		
		
		


    
        
        
        

        
        
                
                
                    
                
            
    

    

    


		






    























    




    








	


		[image:  ]

		
		
		
		
		
		
		
		
		
		
	
