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STRONGLY CORRELATED FERMI GAS 

strongly 
correlated

regime

BEC of molecules

unitary gas

cold atom experiments
fermionic atom, 2 internal states, Feshbach resonance

zero-range theory
accurate
comparison

● relevant for nuclear physics (neutron star)
● introduced in condensed matter context (Leggett)

(magnetic field)

→ ideal playground for fundamental research on strongly correlated fermions



The unitary Fermi gas
Spin-1/2 fermions in 3D, interactions have

• infinite scattering length
• zero range

Universality hypothesis:

Zero-range limit:

� Properties do not dependent on V (r)

n(T, µ)⇥3 = universal function of �µ(N� = N⇥)



Bare scheme

Feynman diagrams

Hubbard model: 



Ladder scheme ...

Bold scheme

+

finite 
in continuum limit



[Rossi, Prokof’ev, Svistunov, KVH, Werner, EPL 2017]



Diagrammatic Monte Carlo:

Importance sampling of the space of all possible diagram 
topologies and all values of internal and external variables. 

Each configuration is visited with a probability proportional to 
the absolute value of its contribution to                    as given by 
the Feynman rules.



Diagram order

Diagram topology

MC update

MC update

M
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This is NOT: write diagram after diagram, compute its value, sum



Diagrammatic Monte Carlo:

Importance sampling of the space of all possible diagram 
topologies and all values of internal and external variables. 

Each configuration is visited with a probability proportional to 
the absolute value of its contribution to                    as given by 
the Feynman rules.

After each MC update:
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+ millions more



  

Problem: 
series divergence

Ladder scheme



ladder scheme:

ladder scheme
or

bold scheme



ladder scheme
or

bold scheme



ladder scheme
or

bold scheme

[Rossi, Ohgoe, KVH, Werner, PRL 2018.]







Yes, because [Ramis 
theorem]:

Conformal Borel transformation





bold scheme 
+





10^5

Fully dressed pair propagator:

bold scheme













other fermionic models in continuous-space (electron gas) ?

conclusion:
controlled summation of diagrammatic series 

with zero convergence radius
for a strongly correlated fermionic field theory

new MC algorithms  → higher orders?

R. Rossi, PRL 2017. 

Outlook:

an =

Z
dX

X

T 2Sn

D(T , X)


