The Out-of-Equilibrium Anderson impurity model :
a numerically exact approach whith Diagrammatic Quantum Quasi Monte-Carlo

Calculating Feynman diagrams analytically is impractical beyond the first

few orders. In this talk, | will discuss recent numerical algorithms that allow one to
calculate all diagrams up to order 20 or more. | will show how this technique can be
used to

study the Anderson model, including for parameters deep into the Kondo regime
both at

equilibrium (in precise agreemeent with other techniques) and in out-of-
equilibrium situations

that were not accessible so far.



Correlations and computational quantum transport: automatic calculation of
Feynman diagrams at large orders.

While numerical simulations of quantum transport at
the mean field level are by now standard, including
even the simplest effects of correlations such as
Coulomb blockade is a struggle and one almost always
has to resort to uncontroled approximations or
drastic simplifications to account for more complexe
effects such as Kondo physics.

Feynman diagrams are a natural formalism to express
correlations and they circonvoluate working at the
raw Hilbert space level with many-body wave-
functions as is often done numerically (either in
quantum Monte-Carlo or tensor network techniques).
An immense litterature study different ways to find
the most important classes of diagrams and calculate
them analytically. In this talk, I will discuss the
current effort done in my group to design algorithms
that numerically sum all diagrams in a systematic
way, order by order up to order 20 or more. I will
showcase how this technique can capture out-of-
equilibrium effects deep in the Kondo regime.



AN APPROACH FOR
CALCULATING FEYNMAN DIAGRAMS AT LARGE
ORDERS
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CALCULATING ALL THE FEYNMAN DIAGRAMS UP TO A GIVEN (LARGE) ORDER
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CALCULATING ALL THE FEYNMAN DIAGRAMS UP TO A GIVEN (LARGE) ORDER

n
* PROBLEM #1: There are n! diagrams. F(U) - EP:@U
n

e PROBLEM #2 How to calculate n dimensional integrals

* PROBLEM #3 How to reconstruct F(U) from the F,,.
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COULOMB BLOCKADE 101
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THE N DIMENSIONAL INTEGRAL

— The dimensionality curse |

F(U) = f:FU
n=0

Fn — /d”ufn(ul, ur, ..., l/ln)

The standard approach: Metropolis Monte-Carlo.

- Intrinsic very slow convergence N'Y/2 (in one dimension: 1/N5or even exponential)
- We do not build any knowledge of f(u)



fn (ul . un) ~ Dn, (Ul . un) Special class qf warper functions that we
know how to integrate
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And get an almost constant integrand
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Pseudo random
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PROBLEM #3: RECONSTRUCTION.
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RECONSTRUCTRING F(U) FROM F,
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B order 6 ® order 8 % order 10
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FUW)=YFw"

W(U): exact
U(W): truncated

FU)=Y F[WU)Y
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3) ADD BAYESIAN INFERENCE
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3) ADD BAYESIAN INFERENCE
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SOME EQUILIBRIUM BENCHMARKS
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AND BACK TO NON-EQUILIBRIUM
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NON-EQUILIBRIUM DISTRIBUTION FUNCTION
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* Improved sampling & implementation (coming up soon)
e Terms and Counter-terms

e Lattice (in progress)

 DMFT (also in progress)

* Nanoelectronics (0.7 anomaly)

* Few qubits & their baths

* Eventually an open source software
PHYSICAL REVIEW LETTERS 125, 047702 (2020)
PHYSICAL REVIEW X 9, 041008 (2019)

PHYSICAL REVIEW B 100, 125129 (2019)
PHYSICAL REVIEW B 91, 245154 (2015)
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