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A fermionic Hubbard-Stratonovich
transformation for strong coupling
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Exact diagonalization impurity solver
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Parametrization of bath
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Effect of finite bath

 Minimize a distance function to find bath
parameters at iteration 1+1:

— Weight (cutoff) needed
— Effective temperature

d = ZZW(ia)n)‘Ag}D(ia)n) — AS,)V(iw”)‘Z
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Implementation issues (not trivial!)

« Exact diagonalization code issues
— Need Lanczos or band Lanczos or Arnoldi

— Integrations are difficult (do them in imaginary
plane in the cas of frequency)

— Value of Lorentzian broadening for dynamics

» General bath difficult to converge

— Start from known easy solutions and do small
change on Hamiltonian parameters
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Benchmarks
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CT-QMC impurity solver
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Monte Carlo method
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Monte Carlo: Markov chain

 Ergodicity
e Detalled balance
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Reminder on perturbation theory

exp(=f(Ha +Hp)) = exp(-fHa)U(p)

U(B) _
55 = ~H(BU()
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Partition function as sum over configurations

Z =Trlexp(Ha + Hp)]

Z f dFy = fB dr, Tr{e PHaH,(1})
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Updates
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Solving cluster in a bath problem

e Continuous-time Quantum Monte Carlo
calculations to sum all diagrams generated
from expansion in powers of hybridization.

— P. Werner, A. Comanac, L. de’ Medici, M. Troyer, and A. J.
Millis, Phys. Rev. Lett. 97, 076405 (2006).

— K. Haule, Phys. Rev. B 75, 155113 (2007).
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Some Algorithmic detalils:

3 Improvements
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Continuous-time QMC : CT-HYB
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Reducing the sign problem
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Ergodicity of the hybridization expansion with

two operator updates and broken symmetry
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Lazy Skip-List

Fast rejection algorithm : the lazy part

u

v

i pmax

pmin pmax *

l

Flip coin

Initial bound

Refined bound:
move rejected

P. Sémon, Chuck-Hou Yee, K. Haule, A.-M.S. Tremblay, Phys. Rev. B 90, 075149 (2014)
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MC weights in CT-HYB some notation
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Lazy Skip List : Skip List
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Tree structure : E. Gull, ETH thesis
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Lazy Skip List : Skip List
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Some more details

PFsPF, P4 F, PF,PF, P

PF;PF;

I

| PFy] PF; PF_| PF; PF_| PF3| PFy) PFy P-1

Subproducts stored in blue arrows are emptied
If tail coincides with red arrow
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continued
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Maximum Entropy analytical

continuation

LLook for cond-mat
D. Bergeron, A.-M.S. |

soon
‘remblay

A new maximum entropy a

pproach and

a user friendly software for analytic
continuation of numerical data
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