
        
    
        
            
            
                
            

            
        
    

        
    
        
            
            
                
            

            
        
    


        
    




        

        
    Skip to main content

    

    
    
        
            
                
                    
                        [image: SpringerLink]
                    
                
            
        


        
            
                
    
        Log in
    


            
        
    


    
        
            
                
                    
                        
                            
                        Menu
                    
                


                
                    
                        
                            Find a journal
                        
                    
                        
                            Publish with us
                        
                    
                        
                            Track your research
                        
                    
                


                
                    
                        
                            
                                
                                    
                                Search
                            
                        

                    
                    
                        
 
  
   
  Cart
 


                    
                

            

        
    




    
        
    
        
            
                
                    
    
        
            	
                        Home




	
                        Advances in Applied Clifford Algebras

	
                        Article

Quantum Symmetries: From Clifford and Hurwitz Algebras to M-Theory and Leech Lattices


                    	
                            Published: 24 August 2018
                        


                    	
                            Volume 28, article number 81, (2018)
            
                        
	
                            Cite this article
                        



                    
                        
                        
                    

                
                
                    
                        
                            
                            
                                
                                [image: ]
                            
                            Advances in Applied Clifford Algebras
                        
                        
                            
                                Aims and scope
                                
                            
                        
                        
                            
                                Submit manuscript
                                
                            
                        
                    
                

            
        
    


        
            
                

                

                
                    
                        	Sultan Catto1,2, 
	Yasemin Gürcan3, 
	Amish Khalfan4 & 
	…
	Levent Kurt3 

Show authors
                        
    

                        
                            	
            
                
            112 Accesses

        
	
            
                
            7 Citations

        
	
            Explore all metrics 
                
            

        


                        

                        
    
    

    
    


                        
                    
                


                
                    Abstract
We explore some consequences of a theory of internal symmetries for elementary particles based on exceptional quantum mechanical spaces based on Jordan algebra formulation that admit exceptional groups as gauge groups.



                    
    


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

                            

                        

                        
                            
                                
                                    Access this article

                                    
                                        
                                            
                                                
                                                    Log in via an institution
                                                    
                                                        
                                                    
                                                
                                            

                                        
                                    
                                    
                                        
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                    

                                    
                                        Institutional subscriptions
                                            
                                                
                                            
                                        

                                    

                                

                            
                        

                        
                            
                        

                    

                    
                        
                    


                    
                        
                            
                                
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Quantum Symmetry of Classical Spaces
                                        
                                    

                                    
                                        Chapter
                                        
                                         © 2020
                                    

                                

                                
                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        The Standard Model in noncommutative geometry: fundamental fermions as internal forms
                                        
                                    

                                    
                                        Article
                                        
                                         13 December 2017
                                    

                                

                                Ludwik Dąbrowski, Francesco D’Andrea & Andrzej Sitarz

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Clifford Algebras, Multipartite Systems and Gauge Theory Gravity
                                        
                                    

                                    
                                        Article
                                        
                                         12 November 2018
                                    

                                

                                Marco A. S. Trindade, Eric Pinto & Sergio Floquet

                            
                        

                    
                

            
        
            
        
    
                            
                        
                    

                    

                    

                    References
	Burdik, C., Catto, S.: Hurwitz algebras and the octonion algebra. J. Phys. 965, 012009 (2018)

                    Google Scholar 
                

	Chapline, G.: Unification of gravity and elementary particle interactions in 26 dimensions? Phys. Lett. B 158, 393 (1985)
Article 
    ADS 
    MathSciNet 
    
                    Google Scholar 
                

	Conway, J.H., Sloane, N.J.A.: Twenty-three constructions for the Leech lattice. Proc. R. Soc. A381, 275 (1982)
Article 
    ADS 
    MathSciNet 
    
                    Google Scholar 
                

	Coxeter, H.S.M.: Integral Cayley numbers. Duke Math. J. 13, 561 (1946)
Article 
    MathSciNet 
    
                    Google Scholar 
                

	Dickson, L.E.: Algebras and Their Arithmetics. University of Chicago Press, Chicago (1923)
MATH 
    
                    Google Scholar 
                

	Gepner, D.: Space-time supersymmetry in compactified string theory and superconformal models. Nucl. Phys. B 296, 757 (1988)
Article 
    ADS 
    MathSciNet 
    
                    Google Scholar 
                

	Gepner, D.: Exactly solvable string compactifieations on manifolds of SU(N) holonomy. Phys. Lett. 199, 380–388 (1987)
Article 
    MathSciNet 
    
                    Google Scholar 
                

	Goddard, P., Olive, D.: Algebras, lattices and strings. In: Lepowsky, J., Mandelstam, S., Singer, I.M. (eds.) Vertex Operators in Mathematics and Physics, p. 51. Springer, New York (1985)
Chapter 
    
                    Google Scholar 
                

	Goddard, P., Olive, D.: Kac–Moody and Virasoro algebras in relation to quantum physics. Int. J. Mod. Phys. A 1, 303 (1986)
Article 
    ADS 
    MathSciNet 
    
                    Google Scholar 
                

	Gross, D., Harvey, J.A., Martinec, E., Rohm, R.: Heterotic string. Phys. Lett. 151B, 387 (1985)

                    Google Scholar 
                

	Gürsey, F.: Super-poincare groups and division algebras. Mod. Phys. Lett. A 2, 967 (1987)
Article 
    ADS 
    MathSciNet 
    
                    Google Scholar 
                

	Gürsey, F.: In: Buccella, F. (ed.) Proceedings of the 85–87 Capri Symposia on Symmetry in Fundamental Interactions(1988)

	Gürsey, F., Günaydin, M.: Quark structure and octonions. J. Math. Phys. 14, 1651 (1973)
Article 
    ADS 
    MathSciNet 
    
                    Google Scholar 
                

	Gürsey, F., Marchildon, L.: Spontaneous symmetry breaking and nonlinear invariant Lagrangians: applications to \(SU(2)\times U(1)\) and \(OSp(1/4)\). Phys. Rev. D 17, 2038 (1978)
Article 
    ADS 
    
                    Google Scholar 
                

	Gürsey, F., Marchildon, L.: The graded Lie groups \(SU(2,2/1)\) and \(OSp(1/4)\). J. Math. Phys. 19, 942 (1978)
Article 
    ADS 
    MathSciNet 
    
                    Google Scholar 
                

	Gürsey, F., Ramond, P., Sikivie, P.: A universal gauge theory model based on \(E_{6}\). Phys. Lett. 60B, 177 (1976)
Article 
    ADS 
    
                    Google Scholar 
                

	Horowitz, G.T., Strominger, A.: Origin of gauge invariance in string theory. Phys. Rev. Lett. 57, 519 (1986)
Article 
    ADS 
    MathSciNet 
    
                    Google Scholar 
                

	Hurwitz, A.: Über die Zahlentheorie der Quaternionen. Math. Werke 2, 303–330 (1933)

                    Google Scholar 
                

	Jacobson, N.: Structure and Representations of Jordan Algebras. American Mathematical Society, Providence (1968)
Book 
    
                    Google Scholar 
                

	Jacobson, N.: Exceptional Lie Algebras. M. Dekker, New York (1971)
MATH 
    
                    Google Scholar 
                

	Kruelle, M.: Hyperbolic Kac–Moody algebras. Ph.D. thesis, Yale University, Mathematics Department (1988)

	Ramond, P.: Exceptional groups and physics. In: ICGTMP Group 24 Proceedings. arXiv:hep-th/0301050
                        

	Saçliog̃lu, C.: String vertex operators and Dynkin diagrams for hyperbolic Kac–Moody algebras (1987)

	Siegel, W., Zwiebach, B.: Gauge string fields. Nucl. Phys. B 263, 105 (1986)
Article 
    ADS 
    MathSciNet 
    
                    Google Scholar 
                

	Thierry-Mieg, J.: Anomaly cancellation and Fermionisation in 10, 18 and 26 dimensional superstrings. Phys. Lett. B 171, 163 (1986)
Article 
    ADS 
    MathSciNet 
    
                    Google Scholar 
                

	Venkov, B.B.: On the classification of integral even unimodular 24-dimensional quadratic forms. Proc. Steklov Inst. Math. 4, 63 (1980)
MATH 
    
                    Google Scholar 
                

	Witten, E.: Topological tools in ten-dimensional physics. Int. J. Mod. Phys. A 1, 39 (1986)
Article 
    ADS 
    
                    Google Scholar 
                


Download references




Author information
Authors and Affiliations
	Physics Department, The Graduate School and University Center, The City University of New York, New York, NY, 10010, USA
Sultan Catto

	The Rockefeller University, 1230 York Avenue, New York, NY, 10021-6399, USA
Sultan Catto

	Department of Science, Borough of Manhattan CC, The City University of New York, New York, NY, 10007, USA
Yasemin Gürcan & Levent Kurt

	Physics Department, LaGuardia CC, The City University of New York, LIC, NY, 11101, USA
Amish Khalfan


Authors	Sultan CattoView author publications
You can also search for this author in
                        PubMed Google Scholar



	Yasemin GürcanView author publications
You can also search for this author in
                        PubMed Google Scholar



	Amish KhalfanView author publications
You can also search for this author in
                        PubMed Google Scholar



	Levent KurtView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Sultan Catto.


Additional information
This article is part of the Topical Collection on Proceedings ICCA 11, Ghent, 2017, edited by Hennie De Schepper, Fred Brackx, Joris van der Jeugt, Frank Sommen, and Hendrik De Bie.
Work supported in part by DOE contracts no. DE-AC-0276-ER 03074 and 03075; NSF Grant no. DMS-8917754.


Rights and permissions
Reprints and permissions


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



Cite this article
Catto, S., Gürcan, Y., Khalfan, A. et al. Quantum Symmetries: From Clifford and Hurwitz Algebras to M-Theory and Leech Lattices.
                    Adv. Appl. Clifford Algebras 28, 81 (2018). https://doi.org/10.1007/s00006-018-0894-3
Download citation
	Received: 03 March 2018

	Accepted: 02 August 2018

	Published: 24 August 2018

	DOI: https://doi.org/10.1007/s00006-018-0894-3


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
                        









                    
                

            

            
                
                    

                    
                        
                            
    
        
            
                Associated Content

                
                    
                        
                        Part of a collection:

                        
                        
                            Proceedings ICCA 11, Ghent, 2017
                        

                    

                
            

        
    

                        

                    

                    
                        
                    


                    
                        
                            
                                
                            

                            
                                
                                    
                                        Access this article


                                        
                                            
                                                
                                                    
                                                        Log in via an institution
                                                        
                                                            
                                                        
                                                    
                                                

                                            
                                        

                                        
                                            
 
 
  
   
    
     
     
      Buy article PDF USD 39.95
     

    

    Price excludes VAT (USA)

     Tax calculation will be finalised during checkout.

    Instant access to the full article PDF.

   

  

  
 

 
  
   
    Rent this article via DeepDyve
     
      
     

   

  

  
 


                                        

                                        
                                            Institutional subscriptions
                                                
                                                    
                                                
                                            

                                        

                                    

                                
                            

                            
                                
    
        Advertisement

        
        

    






                            

                            

                            

                        

                    

                
            

        

    
    
    


    
        
            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
						
						
					


		
	
	
		
			
				
					
					44.220.63.115
				

				Not affiliated

			

		
	
	
		
			[image: Springer Nature]
		
	
	© 2024 Springer Nature




	






    