
  

Path Integral Monte Carlo 
calculations of atomic Bose gases

Markus Holzmann, LPMMC, CNRS UGA Grenoble

Outline:

Thermodynamics of quasi 2D atomic gases

Linear response from imaginary time dynamics

Out-of equilibrium real time dynamics:
Time dependent variational Monte Carlo



  



  



  



  



  

Ceperley, Pollock, Boninsegni, Svistunov, Prokof’ev,...



  

Simulating dilute degenerate gas:Simulating dilute degenerate gas:
Collision between 2 particles, thermal wavelength λ

T

 (relative space): hard core a (= scattering length a
s 
), density: n

How to be efficient for a<<n-1/d ?
● Use soft pseudopotential a~n-1/d

● Use hard pseudopotential and pair density matrix

Path-discretization needed to see potential

Huge number of slices are needed for dilute gas

Pre-solve 2-body problem exactly

Pair-particle approximation:

Analytical expression: M.H.,Y.Castin, EPJD 7, 425 (1999) 



  



  



  



  



  



  



  



  



  



  



  



  



  



  



  



  

Accessing Out-Of-Equilibrium-Dynamics:
Time-Dependent Variational Monte Carlo

Accessing Out-Of-Equilibrium-Dynamics:
Time-Dependent Variational Monte Carlo

G. Carleo, F. Becca, M. Schiro, and M. Fabrizio, Scientific Reports 2, 243 (2012).

● Action priciple for time-dependent Schrödinger equation

● Ansatz with correlated many-body wavefunction with time-dependent parameters

➔ First implementation using two-body Jastrow VMC for 1D lattice system:



  

Quench-Dynamics for Lieb-Liniger 1D Bosons:
Time-Dependent VMC in continuum space

Quench-Dynamics for Lieb-Liniger 1D Bosons:
Time-Dependent VMC in continuum space

G. Carleo, L. Cevolani, L. Sanchez-Palencia, and M. H., cond-mat/1612.06392

● 1D Bosons with δ-interaction:

● Sudden quench of interaction strength from g=0 to g=g
f
 at t=0

● Correlated wave function with 2-body U ²  and 3-body U ³  Jastrow function⁽ ⁾ ⁽ ⁾

Comparison for N=6-11 Bosons
With Bethe-Ansatz (BA) results

Pair-correlation function at
zero distance g

2
(0)



  

Large systems (N=100)

General quenches:
from interacting initial state g

i



  

Time-discretization error

Pair correlation at finite distance
One-body correlation function

Tests against exact diagonalization with N=3:Tests against exact diagonalization with N=3:

Quench from g=0 to g
f
=8



  

Perspectives:Perspectives:

Time dependence for 3D quantum gases/ liquids

spectral quantities?

Fermions
● Better variational wave functions (iterated backflow)
● Variational density matrix (→B.Clark)
● Imaginary time dynamics (→J.Boronat)

● Dynamic structure factor (→D.Galli, G.Bertaina,N.Prokof’ev)
● conductivity


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27

