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Benchmarking the FRG 

● comparison with (nearly exact) numerical simulations

● comparison with integrable model

 
● comparison with experiments: 2D Bose gas

Balog et al. PRL 2019
De Polsi et al. PRE 2020 Rançon et al. PRB 2016

3D Ising universality class 3D Heisenberg universality class

MC

soliton and anti-soliton masses in the sine-Gordon model

R. Daviet and ND, PRL 2019

FRG



  

Outline 

● Universal thermodynamics of a 2D Bose gas

experiment vs classical field simulations vs FRG

  

● Tan’s two-body contact in a 2D Bose gas

experiment vs classical field simulations vs FRG



  

Dilute Bose gas

● 3D

● quasi-2D  

At low energies, the potential V(r) is fully characterized by the s-wave scattering length a
3

(scattering in the s-wave channel only)

Harmonic trap: 

scattering length: 

[Petrov & Shlyapnikov, PRA 2001]



  

● universal thermodynamics

● weak-coupling limit 

vacuum (no particles) dilute gas0

Quantum Critical Point 



  
Monte Carlo simulations of a (classical) 2D φ4 theory 

BKT
normal SF



  

pressure density entropy

LPA’ or DE2



  

Two-body contact [S. Tan, Ann. Phys. 2008]

● thermodynamic definition:  

● short-distance physics

two-body density matrix

momentum distribution 



  



  

BKT virial expansion [Ren 2004]

Bogoliubov

classical field simulation
[Prokof’ev, Svistunov 2002] 



  

FRG calculation of the contact 

A. Rançon and ND, to be published



  

Classical field predictions [Prokof’ev, Svistunov 2002] 

● very accurate for the equation of state

● contact – first method [Zou et al. 2021] 

● contact – second method 

not accurate for T>T
c

classical field
prediction

Yefsah et al. 2011



  



  



  

Conclusion

● The planar Bose gas provides us with a good experimental platform to benchmark 
the FRG.

 
● The experimental dertermination of the equation of state is in very good agreement 

with both the FRG and Monte Carlo simulations of a classical field theory. 

● The recent measurement of Tan’s contact is very well fitted by the FRG (but not by 
the classical field theory).

 
● Does FRG also agree with the recent measurement of the first- and second-sound 

velocities? 



  

Thank you !
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