


















forbidden
(avoid double-counting)









we need to give a meaning to this sum

















Many-body physics:
some basic properties

Chapter 2

Part 1:   Unpolarized unitary gas

   Critical point, Det Diag MC
 [Goulko & Wingate, PRA 82, 053621 (2010)]

Equation of state

   Virial 3
[Liu et al., PRL 102, 160401 (2009)]

[see also: Rossi et al., PRL 121, 130405 (2018)]

   MIT  experiment
[Ku et al., Science 335, 563 (2012)]

   Diagrammatic MC
[Van Houcke et al., Nat. Phys. 8, 366 (2012)]







USTC  [Li et al., Nature 626, 288 (2024)]Spectral function



MIT   [Yan et al., Science 383, 629 (2024)]Second sound



Part 2:   Fermi polaron  [Vlietinck et al., 
PRB 87, 115133 (2013) ; 
Prokof’ev & Svistunov,
PRB 77, 020408(R) (2008)]

 [Punk et al., 
PRA 80, 053605 (2009)]

 [Vlietinck et al., 
PRB 87, 115133 (2013) ; 
Prokof’ev & Svistunov,
PRB 77, 020408(R) (2008)]

 [Vlietinck et al., 
PRB 87, 115133 (2013) ; 
Prokof’ev & Svistunov,
PRB 77, 020408(R) (2008)]

[Chevy, PRA 74, 063628 (2006)]
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 [Vlietinck et al., 
PRB 87, 115133 (2013) ; 
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Part 3:   Polarized gas
SF – normal phase transition : 1st order at low T

    exp:   MIT  [Shin et al., Nature 451, 689 (2008)]
       ENS  [Nascimbène et al., Nature 463, 1057 (2010) ;

           Navon et al., Science 328, 729 (2010)]

    fixed-node QMC      [Pilati & Giorgini, PRL 100, 030401 (2008)]

unconventional SF phases:

   p-wave

   FFLO
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2-body and 3-body contactsLecture 3



  [1] Carcy, Hoinka, Lingham, Dyke, Kuhn, Hu, Vale, PRL 2019
[2] Mukherjee, Patel, Yan, Fletcher, Struck, Zwierlein, PRL 2019

DiagMC [Rossi et al., PRL 2018]

Tan’s two-body contact

DiagMC [Rossi et al., PRL 121, 130406 (2018)]



nearby pair

nearby triplet
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(wrong)

NUMBER OF NEARBY PAIRS & TRIPLETS
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 THREE-BODY LOSS RATE



 THREE-BODY LOSS RATE

[ FW &  X. Leyronas, C. R. Phys. 25, 179 (2024) ]



order of magnitude:order of magnitude: [ Petrov et al.,
PRL 93, 090404 (2004) ]
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order of magnitude:order of magnitude:

 THREE-BODY LOSS RATE



Derivation :

[ FW &  X. Leyronas, C. R. Phys. 25, 179 (2024) ]



C3  in non-degenerate limit
[ X. Leyronas & FW,  

in preparation ]
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C3  for the degenerate unitary gas
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