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            Abstract
The Ising chain in a transverse field is a paradigmatic model for a host of physical phenomena, including spontaneous symmetry breaking, quantum criticality and duality. Although the quasi-one-dimensional ferromagnet CoNb2O6 has been regarded as the Ising chain’s best material realization, it exhibits substantial deviations from ideality. By combining terahertz spectroscopy and calculations, we show that CoNb2O6 is in fact described by a different model with bond-dependent interactions, which we call the ‘twisted Kitaev chain’, as these interactions are similar to those of the honeycomb Kitaev spin liquid. The ferromagnetic ground state of CoNb2O6 arises from the compromise between two axes. Owing to this frustration, even at zero field domain walls have quantum motion, which is described by the celebrated Su–Schriefer–Heeger model of polyacetylene and shows rich behaviour as a function of field. Nevertheless, close to the critical field, this model enters a universal regime in the Ising universality class. We observe that the excitation gap in the ferromagnet closes at a rate twice that of the paramagnet. This universal ratio originates in the Kramers–Wannier duality between domain walls and spin flips, and in the topological conservation of domain wall parity. Our work also shows that Co2+ magnets are fertile ground in the search for quantum spin liquids.
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                    Fig. 1: The Ising chain in a transverse field and the twisted Kitaev chain.[image: ]


Fig. 2: TDTS data on CoNb2O6 and theoretical simulations of the twisted Kitaev chain spectral function.[image: ]


Fig. 3: Evolution of CoNb2O6 in a transverse field.[image: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Dimensional reduction and incommensurate dynamic correlations in the $$S=\frac{1}{2}$$ triangular-lattice antiferromagnet Ca3ReO5Cl2
                                        
                                    

                                    
                                        Article
                                         Open access
                                         23 October 2022
                                    

                                

                                S. A. Zvyagin, A. N. Ponomaryov, … K. Kindo

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Proximate spin liquid and fractionalization in the triangular antiferromagnet KYbSe2
                                        
                                    

                                    
                                        Article
                                        
                                         06 November 2023
                                    

                                

                                A. O. Scheie, E. A. Ghioldi, … D. A. Tennant

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Defect-induced ferromagnetism in a S = 1/2 quasi-one-dimensional Heisenberg antiferromagnetic chain compound
                                        
                                    

                                    
                                        Article
                                         Open access
                                         14 July 2021
                                    

                                

                                Zhe Wang, Lin Hu, … Zhe Qu

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                Data availability

              
              All data that support the plots within this paper and other findings of this study are available from the corresponding authors upon reasonable request.

            

Code availability

              
              Numerical simulations were performed with C++ code that makes use of the ITensor Software Library available at https://itensor.org/about.html30. C++ and Python source codes are available from the corresponding authors on request.
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