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One dimension is specially

interesting

• No individual excitation can exist (only

collective ones)

• Strong quantum fluctuations

Difficult to order| | ie  



Future electronic

Need to worry about reduced dimensionality



Physics at the edge

LaO/StO interface 

(JM Triscone et al.) 

Presence of  edge

(B. I. Halperin)

Quantum hall effect

Topological insulators….

Superconductivity 

between insulators… 



A good reason to work on 1D

However, my personal reason for

working on one-dimensional problems is

merely that they are fun. A man grows

stale if he works all the time on the

insoluble and a trip to the beautiful work

of one dimension will refresh his

imagination better than a dose of LSD.

Freeman Dyson (1967)



Interesting… 

but…

does it exist ? 

TG, Int J. Mod. Phys. B 26 1244004 (2012)



Organic conductors
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D. Jaccard et al., J. Phys. C, 13 L89 (2001)
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Cold atoms



Atom trapping

• Evaporative cooling



Control on the dimension

I. Bloch, Nat. Phys 1, 23 (2005)



Cold atoms (Tonks limit)

B. Paredes et al., Nature 429 277 (2004)
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Cold atoms: Interferences

K large (42) 

S. Hofferberth et al. Nat. Phys 4 

489 (2008)
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Magnetic insulators



Spin ladder systems
B. C. Watson et al., PRL  86 5168 (2001)

M. Klanjsek et al., 

PRL  101 137207 (2008)

B. Thielemann et al., 

PRB 79, 020408® 2009



Disorder and interactions 

Speckle Biperiodic lattices

G. Modugno, Rep. Prog. Phys. 73, 102401 (2010)



Impurity in a Luttinger liquid

T. Fukuhara et al. Nat. Phys. (2013)



How to treat ?



 ``Standard’’ many body theory

 Exact Solutions (Bethe ansatz)

 Field theories

(bosonization, CFT) 

 Numerics

(DMRG, MC, etc.) 
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Tomonaga-Luttinger liquid 

(bosons)







Luttinger parameters

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

Red : Ladder (DMRG)

Green: Strong coupling (Jr 1 ) (BA)



Correlation functions

NMR relaxation rate: 

Tc to ordered phase: 1/J’ = c1D(Tc)
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NMR



Ab initio reconstruction
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External potentials
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Disorder



Bose glass phase

1D : TG + H. J. Schulz PRB 37 325 (1988)

Superfluid – Localized (Bose glass) transition 

for K < 3/2  

BKT like transition 

Higher dimensions: M.P.A. Fisher et al. PRB 40 546 (1989)

Bose glass also exists (scaling theory)

continuous transition



Bose glass phase
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Strong disorder, weak interactions

How to connect the two results ? 



Phase diagram 

Two BG phases ? 

Order parameter ? Moments of  distribution ?
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Experiments



Cold atomic gases

Speckle
Biperiodic lattices



Speckle

Pasienski et al. Nat. Phys 6 677 (2010) 



Quasi-periodic

Quasiperiodic (1D): 

J. E. Lye, et al., PRA 75, 061603R 2007.
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Same as true disorder ?



Renormalization treatment

J. Vidal, D. Mouhanna, TG PRL 83 3908 (1999); PRB 65 014201 (2001)

yQ : Fourier components 

of  potential



Numerics: DMRG

G. Roux et al. PRA 78 023628 (2008)
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Phase diagram



Expansion



Disordered spin dimers

TG, Ch. Rüegg, O. Tchernyshyov, Nat. Phys. 4 198 (08)
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