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Large U ⇒ Heisenberg model 

      J1=t2/U,  Jr=s2/U,  
      α=Jr’/Jr=β2 





Phase III:  
Gapped 

Phase I ? 
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DMRG for J1=0.3 
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Effective theory 
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It supports the mechanism of spin gap. 







2. A real spin tube 

Assembly of  triangular  clusters MH-curve 

J. Schnack, H. Nojiri, P. Kögerler, G.J. T. Cooper and L.　Cronin  
　　　Phys. Rev. B 70, 174420 (2004)  

[(CuCl2tachH)3Cl]Cl2 

Phys. Rev. B 70, 174420 (2004)  

The model parameter is about J’/J=2 



What is the triangular lattice quantum spin tube? 

Hamiltonian：	

intra triangle 
coupling 

inter triangle 
coupling 
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Expand the tube 

π/3 
rotation 

Triangular lattice structure 
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basics 

We can expect two phases 

J>>J’  weakly coupled triangles 

J<<J’ rhombic lattice(modulated square lattice)  
If J=0, no frustration! 

(A) 

(B) 

quantum phase transition 

4 



Numerical calculation 

DMRG,  finite size method 

MH-curve :  36 x 3 spins,  m=80  

Spin gap :  up to 144 x 3 spins,  
                  up to m=220 with m extrapolation 

(empirical) 
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Spin gap  (Okunishi et al. 2005, Fouet et al. 2006) 

(A) phase (B) phase 

intermediate phase?? (C) 

This is a boundary excitation 

First order transition 
is expected, since the 
gap exhibits disconti- 
nuities 
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1/3 magnetization plateau 

Three-leg spin tube	

One of the simplest 1D magnets 	
with geometrical frustration 

Phase diagram of the S=1/2 tube (Exact Diagonalization)	

M=1/6 plateau critical	

Cabra, Honecker and Pujol, 
PRL79, 5126 (1997); 
PRB58, 6241 (1998). 
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Z2-‐symmetry	  breaking	  state	  	  
in	  the	  1/3	  plateau	  of	  asymmetric	  spin	  tube	





J1=0.3 
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Magnetization curve by DMRG 
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Magnetization curve by DMRG 











Phase diagram	


