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Unitary Fermi gas

Spin—% fermions, 3D continuous space, interactions {

Zero range
scattering length a = oo

Universality hypothesis:
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Zero-range limit: n_1/3 > b
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i Properties do not dependent on V(1)
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(Nt = N}) |n(T, x)A* = universal function of B3u

Construction from Hubbard model:

o U = _7013552. .. (appearance of 2-body bound state)
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e thermodynamic limit

e filling — 0 with % fixed (= continuum limit)
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cold atom experiments - = | Zero-range theory
fermionic atom, 2 internal states, Feshbach resonance accurate

comparison

also relevant
In heutron stars
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Ladder summation: — = . + O + (I) + ...

Dyson equation:
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Self-enerqy:
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Ladder summation: — =« 4+ O + <x>+

Dyson equation:
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Self-enerqy:
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sum all diagrams up to order ~9
by Diag MC (“ladder scheme”)




avoid double-counting:
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Gaussian
pair fluctuation

Problem: zero convergence radius
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Gaussian
pair fluctuation
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Problem: zero convergence radius




Gaussian
pair fluctuation

Problem: zero convergence radius

Solution:

construct Q(z) /
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Taylor [Q(z)] = Z ap 2"

n=0

\

{an}

resummation
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_ Gaussian
a1 — ﬁ < | pair fluctuation

a9: X i i i X + ...

Problem: zero convergence radius

Solution: 0o

( Taylor [Q(z)] = Z ap 2"

construct Q(z) / { 0+

n=0

L Q(x=1) = Qpiye
{an} > Q(1)

resummation

 Instanton method —» large-order behavior, branch cuts of Q(z)
* Nevanlinna theorem
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Contact parameter |

C Measure all particle positions, in a unit volume.
(drr)2 Number of pairs of separation < e
1
v P —
e—0 ¢ %
C o 4m Op
k—oo k4 - R2 9(1/a) 7., [S-Tan, Ann. Phys. 2008]
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Critical behavior o1z r
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Momentum distribution
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Why so flat?

maximum is higher
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Technical aspect: treatment of singular parts

Problem: Yolk,7) ~ —44/ T
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Yolk,7) ~ —4 T, e~ /DT ot
k— 00 T

_ e~ E/DBE-T) 1y g

q, —0
- (1) _
comes entirely from >, 7, = ko o ko
T P 0
D 1 :
Solution: »= 2 4+ [other diagrams]
N S ~
analytically MC
+ accurate F'T
N
works also G = Z GOsWGWN-M 0D ry=) T¥ D) Y, 1)
for ladder = -
scheme PN — Z ropenpw-m  compute recursively over N

M=1




Polarized gas







OUTLOOK

Polarized gas:
compare with Fermi-liquid theory
FFLO correlations
T

C

other observables (density-density, spin susceptibility...)

Analytic continuation - A(k,w) (radio-frequency)
S(k,w) (Bragg)

Superfluid phases



