
Theory of 1D BoseTheory of 1D Bose--Liquid Liquid 

Leonid Leonid GlazmanGlazman,   U of M ,   U of M 
Maxim Maxim KhodasKhodas,      U of M,      U of M
Michael Michael PustilnikPustilnik,   Georgia Tech ,   Georgia Tech 

Alex KamenevAlex Kamenev

in collaboration with

arXiv:cond-mat/0705.2015 

Chernogolovka, June, 2007



Cold Atoms in Optical Lattices Cold Atoms in Optical Lattices 

I. Bloch, et al 2004

T. Kinoshita, et al 2004 H. Moritz, et al 2003



Bragg ScatteringBragg Scattering

W. Ketterle, et al 
2000-…



3D Condensates 

Bogoliubov mode

What about 1D? Belayev 1958



LiebLieb--LinigerLiniger (1963) model(1963) model

N bosons with delta-functional interactions on a 1D ring

Two characteristic momenta:   mc           and   n=N/L

Dimensionless coupling constant:



BetheBethe AnsatzAnsatz

where

integers



Lieb’sLieb’s Modes Modes 

Ground state:

Lieb’s II mode
“holes”:

Lieb’s I mode
“particles”:

Bogoliubov for γ 0

Lower bound of continuum



Algebraic BA exact Algebraic BA exact numericsnumerics

J-S. Caux, P. Calabrese, 
2006

N. Slavnov, 1989



DSF singularities at DSF singularities at Lieb’sLieb’s modes modes 



Singularities at Lieb’s modes  
Singularities  are rounded up by:

a finite temperature T

A  three-body scattering 
(absent in the integrable

LL model)



Exponents 

Boson-Fermion mapping

?
Hydrodynamics



BosonBoson--FermionFermion mapping  mapping  
Girardeau, Olshanii, 2004

Impenetrable bosons = non-interacting fermions.         Tonks-Girardeau limit  



Strongly interacting bosonsStrongly interacting bosons
= weakly interacting fermions

Fermi-edge singularity Schotte, Schotte 1969

Mahan exciton Anderson orthogonality



Strongly interacting bosons (cont) Strongly interacting bosons (cont) 



Hydrodynamic approachHydrodynamic approach
= bosonization of bosons                  V.N. Popov 1972

D. Haldane 1981 

Free boson

Quasi-condensate 

Vertex corrections are small 
if                  

Quasi-condensate is treated
in hydrodynamic approximation   



Structure factor at large Structure factor at large momentamomenta
Free boson Quasicondensate



Boson-Fermion mapping

Hydrodynamics

Summary of DSF exponents  Summary of DSF exponents  

?



NumericsNumerics (preliminary) (preliminary) 
Courtesy of J-S. Caux



NumericsNumerics (preliminary) (preliminary) 
Courtesy of J-S. Caux



Dark Dark SolitonsSolitons

P.P. Kulish, S.V. Manakov and L.D. Faddeev 1976

Gross-Pitaevskii equation

Soliton creation operator:



Boson-Fermion mapping

Hydrodynamics

Summary of DSF exponents  Summary of DSF exponents  

?
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