Can one sum all Feynman diagrams
for the unitary Fermi gas?

R. Rossi, K. Van Houcke, F. Werner
ENS Paris

T. Ohgoe
University of Tokyo

E. Kozik
King's College, London

N. Prokof'ev, B. Svistunov

University of Massachusetts, Amherst




What is the unitary gas: {- infinite scattering length

Spin-1/2 fermions in 3D, interactions have
* Zero range

Universality hypothesis:
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Cold atoms experiment:
6Li atoms. 2 lowest hyperfine states denoted 1 and |

Well in the universal regime:
Broad Feshbach resonance at By = 832.18 + 0.08 G [Heidelberg 2013]
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FEYNMAN DIAGRAMS for the unitary gas

For ultraviolet regularisation:
temporarily introduce a lattice
(although continuum limit will be
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on-site interaction
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Feynman rules: example:

{contribution to G(p, 1 — ™) } =

X G (Ga, 73 — 74)G°(G1, 73 — T)G () + G — Py 74 — 73)GY (P, 74 — T2)

Ladder summation: — = . + O + (I) + ...

Dyson equation:

G G" GO CANNe G° GO
—— = — ++@+++®+®+ +...

Self-enerqy:
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Feynman rules: example:

{contribution to G(p, 1 — ™) } =

X G (Ga, 73 — 74)G°(G1, 73 — T)G () + G — Py 74 — 73)GY (P, 74 — T2)

Ladder summation: — = . + O + (I) + ...

Dyson equation:
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Self-enerqy:
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sum all diagrams up to order ~9
using Diagrammatic Monte Carlo



Fully dressed pair propagator: I
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Bold Diagrammatic Monte Carlo
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Resummation of divergent series

Diagrammatic series: E Qp (where q,, =sum of all diagrams of order n)
n>0

] .. . - —enlnn . .
Lindel6f resummation: 11H(1) E An€ assuming non-zero radius of convergence

underlying logic: Euler's principle

df(z) such that

e The Taylor series of f(z) at z =0 1is ) a, 2"

e f(z =1) gives the physical answer

e f(z) is analytic in a domain containing 0 < z < 1
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Lindel6f resummation: lg% Z ape” " assuming non-zero radius of convergence
n=>0
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Figure 4 | Equation of state of the unitary Fermi gas in the normal phase. Density n (a) and pressure P (b) of a unitary Fermi gas, normalized by the
density ng and the pressure Pp of a non-interacting Fermi gas, versus the ratio of chemical potential i to temperature T. Blue filled squares: BDMC (this
work), red filled circles: experiment (this work). The BDMC error bars are estimated upper bounds on systematic errors. The error bars are one standard
deviation systematic plus statistical errors, with the additional uncertainty from the Feshbach resonance position shown by the upper and lower margins as
red solid lines. Black dashed line and red tnangle5 Thec:rryr and experiment (this work) for the ideal Fermi gas, used to assess the experimental systematic
error. Green solid line: third order virial expansmn Dpen squares: first order bold diagram'2!. Green open circles: Auxiliary Field QMC (ref. 11). Star:

superfluid transition point from Determinental Diagrammatic Monte Carlo'. Filled diamonds: experimental pressure EOS (ref. 22). Open pentagons:
pressure EOS (ref. 23).

[Van Houcke, Werner, Kozik, Prokof'ev, Svistunov,
Ku, Sommer, Cheuk, Schirotzek, Zwierlein,
Nature Phys. 2012]



but ...



but ...

radius of convergence Is zero



Borel resummation:

In practice:

lim
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can work even for
zero radius of convergence
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Can we design more powerful resummation methods?

How do we know that radius of convergence Is zero?



(PhD of R. Rossi - work in progress)







Diagrammatic Monte Carlo algorithm for the unitary Fermi

Van Houcke et Xiv 2013
see also: Prokof’ev - Svistunov 2008: Fermi-polaron [Van Houcke et al, arXiv ]
Van Houcke - Kozik - Prokof’ev - Svistunov 2008: doped Hubbard model

Q=X or Il Feynman rules : Z / dX D(T,X,Y)

TeSq

external variables: Y = (p; 11, )
internal variables: X = (q1,....¢N:73....,T2n)
N = diagram order = [(number of internal lines) + 1]|/3

liagram topology

 (—1)MHNeon Gl ) % x G ) X T( ) % o x T(..)

configuration: C = (7, X,Y) weight: w(C) = |D(C)| R(C)

MC updates will generate random configurations Ci,...,Cp,... of probability distribution oc w(C)
1 T
- A(Cy) i dCw(C)A(C)/Z, Z= /de(C)
i=1 * '

to determine QQ(Y'). we compute its overlap with various functions g(Y"):

/ dYQ(Y)g(Y) = Y / dX dY D(T,X,Y)g(Y) = / dC D(C) ¢(C)
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Pairs of complementary updates: (easy to ensure detailed balance)

example: add-remove
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red line which carries excess momentum = “Worm”
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