
Universitat Politècnica de Catalunya, Barcelona, Spain 

G.E. Astrakharchik 

 

Seattle, 1st of August, 2013 

Diffusion Monte Carlo:  

symmetric trial wave function for a solid and  

pure estimators for one-body density matrix. 
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Classical Monte Carlo simulations: 

 

GEA, A. I. Belousov, Yu. E. Lozovik,“Properties of two-dimensional dusty plasma clusters”,  

Phys. Lett. A, 258, 123-130 (1999);  

"Two-dimensional mesoscopic dusty plasma clusters: Structure and phase transitions", JETP, 89, 

696 (1999)  

GEA, Giovanna Morigi, Gabriele De Chiara, J. Boronat, “Ground state of low-dimensional 

dipolar gases: Linear and zigzag chains” PRA 78, 063622 (2008);  

“Thermal and quantum fluctuations in low dimensional dipolar chains”,  J. Phys. B: At. Mol. 

Opt. Phys. 42, 154026 (2009) 

  

Metropolis sampling of an exact wave function 

GEA, D.M. Gangardt, Yu.E Lozovik and I.A. Sorokin,“Off-diagonal correlations of the 

Calogero-Sutherland model”, PRE 74, 021105 (2006);  

M.D. Girardeau and GEA, “Ground state of a mixture of two bosonic Calogero-Sutherland gases 

with strong odd-wave interspecies attraction”, PRA 81, 043601 (2010) 

 

PIMC 

Bachelor thesis “Quantum simulation of mesoscopic cluisters” (2000); 

O. N. Osychenko, GEA, Y. Lutsyshyn, Yu. E. Lozovik, and J. Boronat “Phase diagram of 

Rydberg atoms with repulsive van der Waals interaction” PRA 84, 063621 (2011) 

 

 



3 Diffusion Monte Carlo simulations:  

- Weakly interacting Bose gas / short-range bosons 
GEA and S. Giorgini, “Quantum Monte Carlo study of the three- to one-dimensional crossover for a trapped Bose gas”,  PRA 66, 

053614 (2002);   

GEA, D. Blume, S. Giorgini, and B. E. Granger, “Quasi-One-Dimensional Bose Gases with a Large Scattering Length”, PRL. 92, 

030402 (2004)    

GEA, D. Blume, S. Giorgini, and B. E. Granger, “Quantum Monte Carlo study of quasi-one-dimensional Bose gases”,  J. Phys. B: At. 

Mol. Opt. Phys. 37, 5205 (2004) 

GEA, J.Boronat, J. Casulleras and S. Giorgini, “Superfluidity and Bose-E. condensation in a Bose gas with disorder”,  PRA 66, 

023603 (2002);   

GEA, J.Boronat, J. Casulleras and S. Giorgini, “Beyond the Tonks-Girardeau gas: Strongly correlated regime in quasi-one-

dimensional Bose gases”, PRL 95, 190407 (2005)  

D.S.  Petrov, GEA, C.  Salomon, G.V.  Shlyapnikov, “Crystalline phase of strongly interacting Fermi mixtures”,  PRL 99, 130407 

(2007) 

GEA, J. Boronat, I. L. Kurbakov, Yu. E. Lozovik, and F. Mazzanti, “Low-dimensional weakly interacting Bose gases: Nonuniversal 

equations of state”, PRA 81, 013612 (2010) 

GEA and K.V. Krutitsky, “Condensate fraction in non-uniform systems”, PRA 84, 031604(R) (2011) 

GEA, K.V. Krutitsky, P. Navez, “Phase diagram of quasi-two-dimensional bosons in laser speckle potential Phys. Rev. A 87, 

061601(R) (2013) 

- Dipolar gases 
GEA, J. Boronat, I.L. Kurbakov, Yu.E. Lozovik, “Quantum phase transition in a two-dimensional system of dipoles” PRL 98, 060405 

(2007); GEA, J. Boronat, I.L. Kurbakov, Yu.E. Lozovik “Weakly interacting 2D system of dipoles: limitations of the mean-field 

theory”, PRA 75, 063630 (2007);  

GEA, J. Boronat, I.L. Kurbakov, Yu.E. Lozovik “Equation of state of a weakly interacting two-dimensional Bose gas studied at zero 

temperature by means of quantum Monte Carlo methods”, PRA 79, 051602(R) (2009); 

GEA, J. Boronat, I.L. Kurbakov, Yu.E. Lozovik “Quasiequilibrium supersolid phase of a 2D dipolar crystal”, PRB 82, 014508  

(2010);  

Yu. E. Lozovik, I.L. Kurbakov, GEA, J. Boronat, Magnus Willander, “Effects of strong correlations for 2D Bose-Einstein condensed 

dipolar excitons”, Solid State Communications 144, 399 (2007);  

Yu. E. Lozovik, I.L. Kurbakov, GEA, J. Boronat, Magnus Willander, “Bose condensation of two-dimensional dipolar excitons: 

Simulation by the quantum Monte Carlo method” JETP, 106, 296 (2008)  

E. Golomedov, GEA, and Yu. E. Lozovik, “Mesoscopic supersolid of dipoles in a trap”, PRA 84, 033615 (2011) 



4 Diffusion Monte Carlo simulations:  

-One dimensional systems: 
GEA and S. Giorgini “Correlation functions and momentum distribution of one-dimensional Bose systems”,  

PRA 68, 031602(R) (2003);  

GEA and S. Giorgini “Correlation functions of a Lieb-Liniger Bose gas”  J. Phys. B: At. Mol. Opt. Phys. 39 

S1 (2006) 

A. S. Arkhipov, GEA, A. V. Belikov, and Yu. E. Lozovik , “Ground-state properties of a 1D system of 

dipoles”, JETP Lett. 82, 39 (2005);  

F. Mazzanti, GEA, J.Boronat, and J. Casulleras,“Ground-state properties of a one-dimensional system of 

Hard Rods”,  PRL 100, 020401 (2008); F. Mazzanti, GEA, J.Boronat, and J. Casulleras,“Off-diagonal 

ground-state properties of a one-dimensional gas of Fermi hard rods” PRA 77, 043632 (2008);  

GEA Yu. E. Lozovik  “Super-Tonks-Girardeau regime in trapped 1D dipolar gases” PRA 77, 013404 (2008);  

GEA, M. D. Girardeau, “Exact ground state properties of the 1D Coulomb gas”, PRB 83, 153303 (2011);  

M. D. Girardeau and GEA, “Super-Tonks-Girardeau State in an Attractive One-Dimensional Dipolar Gas”, 

PRL 109, 235305 (2012) 

 

- Liquid & solid 4He 

C. Cazorla, GEA, J. Casulleras, and J. Boronat ,“Bose-Einstein Quantum Statistics and the 

Ground State of Solid 4He”,  New J. Phys. 11, 013047 (2009);  

C. Cazorla, GEA, J. Casulleras, J. Boronat, “Ground-state properties and superfluidity of two- 

and quasi-two-dimensional solid 4He”,  J. Phys.: Condens. Matter 22, 165402 (2010). 

Y. Lutsyshyn, C. Cazorla, GEA, and J. Boronat, “Properties of vacancy formation in hcp 4He 

crystals at zero temperature and fixed pressure”, PRB 82, 180506 (R) (2010) 
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Fixed node diffusion Monte Carlo simulations  

 

GEA, J. Boronat, J. Casulleras, and S. Giorgini,“Equation of State of a Fermi Gas in the BEC-

BCS Crossover: A Quantum Monte Carlo Study” PRL 93, 200404 (2004) ;  

 

GEA, J. Boronat, J. Casulleras, and S. Giorgini,“Momentum distribution and condensate fraction 

of a Fermi gas in the BCS-BEC crossover”, PRL 95, 230405 (2005);  

 

GEA, R. Combescot, X. Leyronas and S. Stringari “Equation of state and collective frequencies 

of a trapped Fermi gas along the BEC-unitarity crossover”,   PRL 95, 030404 (2005);   

 

GEA, S. Giorgini, J. Boronat “Stability of resonantly interacting heavy-light Fermi mixtures”, 

PRB 86, 174518 (2012) 

 

A. Golomedov, AGE, J. Boronat “A Quantum Monte Carlo study of exciton formation in two 

component Coulomb gas” to appear soon 
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CRYSTAL: NONSYMMETRIC W.F 7 



NON-SYMMETRIC W.F. 8 



EXAMPLE: TWO PARTICLE SYSTEM 9 
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CRYSTAL: SYMMETRIC ONE-BODY W.F 10 



EXAMPLE: TWO PARTICLE SYSTEM 11 
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CRYSTAL: SYMMETRIC ONE-BODY W.F 12 



EXAMPLE: TWO PARTICLE SYSTEM 13 
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SYMMETRIC W.F. 14 



EX: HELIUM LIQUID-SOLID TRANSITION 15 



JASTROW TWO-BODY TERMS 16 



JASTROW TWO-BODY TERMS 17 



JASTROW TWO-BODY TERMS 18 



¿SUPERSOLID? HELIUM 19 



DIPOLES ON 2D PLANE 20 



VACANCIES 21 
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MOTIVATION 23 



PHONONS AND JASTROW W.F. 24 



JASTROW TWO-BODY TERMS 25 
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26 TEST: EXACT LIEB-LINIGER MODEL 

N  bosonic particles of mass m interacting  with contact δ-function 

pseudopotential in a one dimensional system are described by the 

Lieb-Liniger Hamiltonian: 

 

 

 

The effective quasi-one-dimensional coupling constant is 

inversely proportional to the one-dimensional s-wave scattering 

length   

 

 

The model solved exactly by 

E. H. Lieb and W. Liniger in (1963) 

Phys. Rev. 130, 1605 (1963) 
Elliott H. Lieb 



DIFFERENT REGIMES 27 



ONE-DIMENSIONAL FERMI GAS 28 



BOSONS: MAPPING OF THE WAVE FUNCTION 29 



TONKS-GIRARDEAU GAS: WF 30 



TG GAS: MOMENTUM DISTRIBUTION 31 
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TESTING THE ENERGY 32 
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CORRELATION FUNCTIONS (EXACT) 33 
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TEST: STATIC STRUCTURE FACTOR 34 
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OPEN PROBLEM 35 



SCHRÖDINGER EQUATION 36 



IMPORTANCE SAMPLING 37 



DMC ALGORITHM 38 



TIMESTEP SLOWDOWN 39 
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PURE ESTIMATORS 41 



OBDM 42 



PURE ESTIMATOR FOR OBDM 1/3 43 



PURE ESTIMATOR FOR OBDM 2/3 44 



PURE ESTIMATOR FOR OBDM 3/3 45 



VIRTUAL WALKER 46 



JASTROW TWO-BODY TERMS 47 
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OBDM: imaginary-time convergence 48 
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OBDM: bosons 49 
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OBDM: fermions 50 
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THANK YOU VERY MUCH 

FOR YOUR ATTENTION! 
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The gas behaves dynamically as one-

dimensional when the excitations of 

the levels of the transverse 

confinement are not possible: 

•  Condition for the energy 

 

•  Condition for the temperature 

53 CONDITION FOR ONE-DIMENSIONALITY 

Figure is taken from  

T.Esslinger et al./Zurich 

Comparison of the frequencies of 

the dipole and breathing modes 

confirms the achievement of the 

quasi-one-dimensional regime. 



54 CORRELATION FUNCTIONS 



TRAPPED IDEAL FERMI / TONKS-GIRARDEAU GAS 
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ZIG-ZAG 2ND ORDER PHASE TRANSITION:1D DIPOLES 


