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   Outline: 

• Motivation 

• Spin-Pseudospin Model and Spin-SAF Transition 

• XXX Chain – Interacting Fermions –  sine-Gordon      

  Model  – “New” BCS Ratio 

• BCS Ratio – experimental 

•Conclusions 

 

 

  



   1. Spin-Peierls Transition 

        3D Phonons + Heisenberg chains   

               Frozen Lattice Distortions   

              Dimerization  Spin Gap 

    Examples: various organic compounds, 

                       non-organic: CuGeO3, TiPO4, TiOBr,TiOCl 

    

   2. Spin-SAF Transition  

     ( SAF = Super-Anti-Ferro-electric [magnetic] ) 

        2D Charge modes + Heisenberg chains   

               SAF Charge  Long  Range  Order   

              Dimerization  Spin Gap 

    Examples: NaV2O5, Zn(pyz)V4O10 

 

   3. Peierls-like Transitions  

            Charge / Orbital degrees of freedom + Heisenberg chains   

               Charge  /Orbital Long  Range  Order  Spin Gap 

    Examples: transition metal oxides, spinels 



   References: 



   Phase Transition in NaV2O5: Experiment 

• 1/4-filled ladder compound:  
   Smolinski, et al, 1998 
 
• Spin Gap:  
   Isobe & Ueda, 1996 
 
• 2D charge order: 
   van Smaalen, et al, 2002 
   Grenier, et al, 2002 
   Chitov & Gros, 2004 (SAF) 
 
• Phase transition:  
  Thermal, close to 2D Ising universality class 
   Ravy, et al, 1999 
   Gaulin, et al, 2000 
   Fagot-Revurat, et al, 2000 

Ksg 106  34K,Tc

Mechanism: 
             spin-Peierls   - like  
             Charge+Spin  



Mapping onto the Spin-Pseudospin Model 

         Left/Right (Charge)                                   Pseudospin (Ising) Up/Down           

Spin Spin 



Spin Sector: Heisenberg Chains 

Heisenberg Chain:  
   Gapless State (Luttinger Liquid Universality Class)  
   No Magnetic LRO  

Dimerized Heisenberg Chain:  
   Gapped GS 
   No Magnetic LRO 



Charge Sector: 2D (nn+nnn) Ising Model 

Super-AntiFerromagnetic 4x4 

Ground-State 
Phase Diagram 

Frustrations!! 



   Spin-SAF (Coupled Ising-XXX) Model: 



   1. Spin-Peierls Transition 

        3D Phonons + Heisenberg chains   

               Frozen Lattice Distortions   

              Dimerization  Spin Gap 

    Examples: various organic compounds, 

                       non-organic: CuGeO3, TiPO4, TiOBr,TiOCl 

    

   2. Spin-SAF Transition  

     ( SAF = Super-Anti-Ferro-electric [magnetic] ) 

        2D Charge modes + Heisenberg chains   

               SAF Charge  Long  Range  Order   

              Dimerization  Spin Gap 

    Examples: NaV2O5, Zn(pyz)V4O10 

 

   3. Peierls-like Transitions  

            Charge / Orbital degrees of freedom + Heisenberg chains   

               Charge  /Orbital Long  Range  Order  Spin Gap 

    Examples: transition metal oxides, spinels 



All Peierls-type Phase Transitions:  

 

                                                       Spin Sector: 

 LRO                                       Dimerized XXX Chains 

                         Spin Gap 

Appears simultaneously with LRO 

Hamiltonian: lattice, charge, etc coupled to spin chains   



   BCS Ratio:  

 

 

 

 

 

        Unifying (?) Universal (?) Parameter  

( 1)Bk



   BCS Ratio: Conventional Superconductors 



Coupled Model: XXX (Heisenberg) Spin Sector 

Spin Sector                              Dimerized XXX Chains 

Interacting Spinless Fermions 

Bosonization 



Coupled Model: Heisenberg Spin Sector 

Spin Sector:  Dimerized  XXX  Chains 

Interacting Spinless Fermions 

Bosonization 

XX Chain 

Free Spinless Fermions 



Dimerized XXX Heisenberg Chain 

Sine-Gordon 

Marginal Term 

Log-corrections 

(Orignac, 2004) 



Dimerized XXX Heisenberg Chain 

Sine-Gordon 

??? Orignac, 2004 

Exact amplitude: Lukyanov, 2010-, unpublished 



Dimerized XXX Heisenberg Chain = Sine-Gordon  
(G.Y.C., arXiv:1111.1201) 

Al. Zamolodchikov, 1995 

BCS Ratio: Orignac & Chitra, 2004 



   BCS Ratios: 

Type Tc (K) 
BCS 

ratio 
Ref. 

MEM(TCNQ)2 

and more 

organics 

SP 18 30 1.67 Pouget, 01 

CuGeO3 SP 14.3 24-30 1.7-2.0 Lemmens, et al, 03 

(TMTTF)2AsF6 SP 13 35 2.69 Dressel, et al, 11 

(TMTTF)2PF6 SP 19 47 2.47 Dressel, et al, 11 

 

NaV2O5 Spin-SAF 34 106 3.1 Lemmens, et al, 03 

 

Zn(pyz)V4O10 Spin-SAF 22 ? ? Yan, et al, 07 

TiOCl SP 92 430-440 4.7-4.8 Clancy, et al, 11 

TiOBr SP 48 250 5.2 Clancy, et al, 11 

/ ( )Bk K

??? 

/ 1.76cT

/ 2.47cT



1. Theory of spin-SAF transition is reviewed. 

     Spin-SAF phase = simultaneous Super-Anti-Ferroelectric (SAF)  

     charge order + spin gap. 

 

2. New interacting BCS ratio is calculated.  

    Similarities between spin-SAF, spin-Peierls and Peierls-like transitions  

    are emphasized. 

 

3.  Further progress: 

    (i) BCS-ratio – accounting for the marginal terms 

    (ii) Ising (pseudospin / charge) sector beyond mean-field (??) 

          Fate of QCP? 

    (iii) nn+nnn Ising model (some work in progress, more warranted) 

     

                 

Summary & Discussion 



   THE END 

 

 THANK YOU! 

 

 


