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• Dimerized XXX Chain
• BCS Ratio
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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 - NO 
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!!

Fan & Wu, 1969
NB: Fe-pnictides

Chitov & Gros, 2005



Charge Sector (Getting Worse): 
2D (nn+nnn) Ising Model + Transverse Field



Coupled Spin-Pseudospin Model and Approximation

Transverse (Quantum)
Ising Model Hamiltonian

Coupled Model

Creates Dimerization
in the SAF phase

Approximation:
Ising Sector                    -- Mean-Field
Spin Sector (XX, XXX)   -- Exactly



Spin-Pseudospin (Coupled) Model: Phase Diagram

• Coupled Model always orders via spin-SAF transition
• QCP is destroyed
• Ordered (spin-SAF) Phase: 

SAF charge/Ising LRO +
Spin Gap/Dimerization

Quantum Ising Model

Coupled Model



Coupled (XY) Model: Phase Diagram (detailed)

Spin Sector =
Free Spinless Fermions

BCS ratio

Chitov & Gros, 2004-2005



Coupled Model: XXX (Heisenberg) Spin Sector

Spin Sector                              Dimerized XXX Chains

Interacting Spinless Fermions

Bosonization



Dimerized XXX Heisenberg Chain

Sine-Gordon

???

Marginal Term

Log-corrections

Orignac, 2004

Plus !!



Dimerized XXX Heisenberg Chain = Sine-Gordon

Orignac, 2004

Al. Zamolodchikov, 1995

BCS Ratio:
Chitov et al, 2009, unpub



Dimerized XXX Heisenberg Chain (Continued)

Specific Free Energy

Spin Gap

Dimerization Susceptibility

Refs: Black & Emery, 1981; Affleck, et al, 1989

Problem:
“Prefactors and Cutoffs”



Dimerization Susceptibility

NB: NaV2O5: Tc/J =0.06

Klumper et al, 2000, DMRG

Cros & Fisher, 1979
No log



Spin Gap

Papenbrock et al, 2003, DMRG



Spin Gap vs Tc : BCS Ratio
XY Dimerized Chain (Free Fermions):

spin-Peierls, spin-SAF

XXX Dimerized Chain: Neglected Marginal (log) Terms
Orignac & Chitra, 2004, spin-Peierls Theory

spin-Peierls, spin-SAF

XXX Dimerized Chain: Marginal (log) Terms Included

spin-SAF
spin-Peierls (?)

BCS Ratio -- Experiments:

spin-Peierls: 
spin-SAF:

(Pouget, 2001)



Spin-SAF Theory: Further Application to NaV2O5

Optical Conductivity: Damascelli, et al, 2000.

E0



Stacking Charge Order in NaV2O5

• Ground states in the nn and nnn axial Ising model

• Devil’s staircase in NaV2O5: from Ohwata, et al PRL’01



1. Spin-pseudospin model is proposed and the theory of spin-SAF
transition is developed.
Spin-SAF phase = simultaneous Super-Anti-Ferroelectric (SAF) 
charge order + spin gap.

2. BCS ratio is calculated. 
Similarities between spin-SAF and spin-Peierls are emphasized.

3.  Numerical parameters of the effective Hamiltonian 
Peaks in the optical conductivity, absence of the soft mode

4.  Further progress:
Ising (pseudospin / charge) sector beyond mean-field (??)
Fate of QCP?

Summary & Discussion
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