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What is the unitary gas:
* Spin 1/2 fermions

* Interactions have { infinite scattering length
* Zero range

(3D)
Universality hypothesis:
V(r) Zero-range n~ 7> b \_ [ 2w
limit A>b =\ mkaT

—> - (quasi) equilibrium
homogeneous phase
properties independent on V(r)

N; = N, na;j ) = universal function of Gu 6 =1/T]
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Diagrammatic Monte-Carlo

Random walk in 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, 1)
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Diagram topology







after each MC update:
T

= histogram for X(p, 7)




Previous applications of DiagMC:

* Solution of Fermi-polaron problem
[Prokofev&Svistunov, PRB 2008]

* Doped Hubbard model
[Van Houcke et al., 2008; Kozik et al. arXiv 2009]

A new way to fight the sign problem:

traditional QMC: error bars ~ exp{#/ Volume}
DiagMC: Volume = 0o error bars ~ exp{# diagram order}



non-degenerate degenerate

limit limit
1'>1F I'< Iy
n\® < 1 | nA> > 1
| > Ou
O A

Normal Superfluid

(Bw)e = 3.2(2) [Burovski et al.]
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Resummation
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n7x3

O bare series

+ Riesz-2 resummation
Riesz-3 resummation

e advanced resummation
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= nA° = 2.90(2)

l.e.

T/Tr = 0.646(6)
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DiagMC (preliminary)

Virial order 2

Virial order 3 [Liu et al.]

T=0, £~0.4 [Juillet; Gezerlis et al.,...]
Bulgac et al.

critical point [Burovski et al.]




P(w,T) / P (u,T)

Comparison with experiments:
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How were these experimental EOS obtained:

p=a?+y’
trapping potential V (p, z)
local density n3p(p, 2)

Y

local density approximation : n3p(p, 2) = Mhomogeneous (1 1t = g — V(p, 2))
P3D (;07 Z) — Phomogeneous (T7 U= g — V(p, Z))

?
e - omogeneous T,
nQD(yaz):/ dx ngD(p: \/aj2—|—y27z) é ph g ( ILL)

ENS protocol: [Ho&Zhou]

w2 + o0
psp(p =0,2) = %p / dynap(y,z) for harmonic trap

fitting the wings with virial (2nd order) =——> (T, pg)

our protocol:

1 @)
P3D(po, z) = ;/ dy n2p(y, 2)
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+ [ dp for any tra

R (y2 — p?)3/2 Y P

fitting the wings with virial (3rd order) =—> (T pg)




VVhat we are working on



Bold Diagrammatic Monte Carlo




* Combine theory with experiment to

obtain accurately EOS down to T=0

Optical Density
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Next projects:

* Finite scattering length

* Finite imbalance
* Doped Hubbard model
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Virial expansion (order 2 in fugacity
Virial expansion (order 3 in fugacity)
Determinant MC (Burovski et al.)
DiagMC
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