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Quantum magnetism

 Mott insulator: charge gapped

 Spin ½ degrees of freedom remains 

 Superexchange: 

 Highly non trivial physics and phases
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Itinerant quantum systems
 Very complicated (screened long range Coulomb)

 Find simplified models (Hubbard, t-J, etc…..)

 Physics: artefact of the approximations used ?

 Use localised spin systems as controlled realizations
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 Quantum phase transition

 Magnetic field: ``chemical potential’’ for the 
triplon band (interacting intinerant ``particles’’)
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 Bose Einstein condensation
(d=3,d=2….)

 Tomonaga-Luttinger liquids
(d=1)
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Other noteworthy realizations

+ Many theoretical  works: Tsunetsugu,  Troyer, Rice, 
Mila, Affleck, Normand, Batista, Oshikawa, Haas, ........

TG, Ch. Rüegg, O. Tchernyshyov, Nat. Phys. 4 198 (08)
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What about d= 1 ?

J

J’

 1D : hard core bosons are (spinless) fermions !

 1D : no BEC

 Allow to study interacting fermions/bosons: 
Tomonaga Luttinger liquid
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• Analytical calculations (Luttinger liquid + 
BA)

• Numerical calculations (DMRG)

S. White 
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Ch. Rüegg et al., PRL 
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Can one control TLL ? 

Compute u(h) and K(h) from (Jr,J,h)

No adjustable parameters !!

Get all (several) correlation functions

Allows to quantitatively test for TLL! 
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Luttinger parameters

M. Klanjsek et al., PRL  101 137207 (2008)

Red : Ladder (DMRG)
Green: Strong coupling (Jr → 1 ) (BA)
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 Close to the critical points: hc1, hc2:
dimensional crossover (fermions → bosons)

 High energy correlations
(LL valid for !, T ¿ J)
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High energy dynamical 
correlations

B. Thielemann et al. PRL 102 107204 (2009)Time dependent DMRG



Conclusions



Conclusions
 Localized spin systems have several behaviors

corresponding to itinerant quantum systems.



Conclusions
 Localized spin systems have several behaviors

corresponding to itinerant quantum systems.

 BPCB (Ladders): remarkable system to show 
quantitatively Tomonaga Luttinger liquid
universality class

 Dimers offer several advantages; 
BEC describes well systems in d=3, d=2.



Conclusions
 Localized spin systems have several behaviors

corresponding to itinerant quantum systems.

 BPCB (Ladders): remarkable system to show 
quantitatively Tomonaga Luttinger liquid
universality class

 Dimers offer several advantages; 
BEC describes well systems in d=3, d=2.



Perspectives 



Perspectives 

 Behavior close to quantum critical points: 
Luttinger (fermions) → BEC (bosons) 



Perspectives 

 Behavior close to quantum critical points: 
Luttinger (fermions) → BEC (bosons) 

 Dynamical quantities in the quantum critical 
regime



Perspectives 

 Behavior close to quantum critical points: 
Luttinger (fermions) → BEC (bosons) 

 Dynamical quantities in the quantum critical 
regime

 Other materials, impurities and doping 
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