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The unitary Fermi gas * infinite scattering length

Spin-1/2 fermions in 3D, interactions have
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Feynman diagrams

Q :

€.

intensive M
g. pressure: Qu = z ay
Q = ln Tr e AH—1N) N=0 O\ all order-N diagrams

GO Hubbard model:

Bare scheme

P U H = —t Z C 5 Ci g-*-UZCFTC-. Ci, | Ct

(7,7)

—
QM M —s o Qoo

Ao —

Taylor series (an oc UN)
= Qoo — Qphys




—_ _ . finite
Ladder scheme = o+ O+ X+

Ty in continuum limit

_<_GO

IZIFO

Bold scheme

(Jl - G(j + G‘ = G

—— G < —_ < ¥
—— | b r ro o r o

e = ) + (:Q%

7~ G |
a1 = |
: ) = + -

I
g G GO =
= N

=t ®-0-O :



X = (T7T)
anN = Z /Xm...dXND(T;Xl..-XN) /dX:Z/BdT
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Monte Carlo algorithms
e DiagMC [Van Houcke, Kozik, Prokof’ev, Svistunov, Phys. Proc. 2010)

configuration: C = (7, X4...... Xn) probability: P(C) x |D(T:Xy...XnN)
e CDet [Rossi, PRL 2017]
C=(X1,...,XnN) P(C) ZD(T: X1...XnN)
< i

Computational complexity
e traditional form of sign problem: error ~ ¢V
for connected Feynman diagrams: V = oc
e instead N! (DiagMC)
error ~ < 4 d
e’ (CDet)

e counteracted by convergence: |ay| ~ e #¥
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where ¢ = total error
statistical 4+ truncation
He) ~ e=° (CDet). (statis + imcation)

[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 X, (p, 7) as given by

the Feynman rules.




Diagram order
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Diagram topology

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 X, (p, 7) as given by
the Feynman rules.

After each MC update:
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_ Contact ~ C:= lim n(k)k* = ~F(r=0,7=0")
—00
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Q = E ay diverges or

ladder scheme

bold scheme
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> ladder scheme
Q = Z any diverges or
N=0 bold scheme

M
Qlz) = Z an 2y +0(ZMMH)

z +
construct Q(z) / ~Y N=0

Q(z = 1) = Qphnys




ladder scheme
Q = E ay diverges -
N=0 bold scheme

Qlz) = ZaNz + O(M)

_>

construct Q(z) / " N=0

Q(z = 1) = Qphys

e naive approach [Van Houcke et al., Nature Phys. 2012]: assuming |ay| < CV

Q(z=1)= lim }:a,\-r'-\""-\' (Lindelof)

e300

N =0

e serious approach [Rossi, Ohgoe, KVH, Werner, PRL 2018.]

e ay ~ (N5
e series resummable by conformal-Borel



compute the sum of all diagrams of order n
in the large n limit

using the functional integral representation
and the saddle-point method

Bosonic field theories ( ¢4):
Lipatov
Brézin, Le Guillou, Zinn-Justin

Fermionic theories (QED):
Parisi, Itzykson, Zuber, Balian
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Conformal Borel transformation ay ~ (N/5)! AN cos (4—7TN)

Borel transform : B(z) := Z il

inverse Borel transform : (1) % / dz z*
0
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e * B(z)

Yes, because [Ramis
°® Q(z) analytic in theorem]:
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applicable not only for () = P

B e @ = { g 311: l1_“I (ladder scheme)
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precision ~ 0.15 %
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" [conformal-Borel
|with A[T]




ni\3

17 +

15

Pu=2

(T/Te = 0.2)

boid + conformal-Borel

16

MIT experiment

\

x-




0.08

0.07

(RN 3)A* /(8C*)

o
o
&

0.03}

Equation of state and 4" virial coefficient
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¢ ladder scheme + conformal Borel
ok b, Endo & Castin conjecture [J Phys A, 2016]

v b, ENS experiment [Nature 2010]
* 4 b, MIT experiment [Science 2012]

® b, Yan & Blume PIQMC [PRL 2016]
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Order Parameter Susceptibility x=-I(p=0,2,=0)

Bu=+2 (T/Tr ~0.2), bold series
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conclusion:
controlled summation of diagrammatic series
with zero convergence radius
for a strongly correlated fermionic field theory

Outlook:

Precise and controlled theoretical study

of unitary Fermi gas and BEC-BCS crossover

Spectral function = Fermi liquid / pseudogap regimes

T, vs. polarisation and scattering length

2D

4-leq diagrams = p-wave superfluid transition, transport properties (shear viscosity)
superfluid phases (anomalous propagators)

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

new MC algorithms — higher orders?

O = / dX )  D(T,X) R. Rossi, PRL 2017.
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