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- New dynamical variable s. Exact mapping onto CT-Hirsch-Fye, (i.e. CT-AUX)

K. Mikelsons et al Phys. Rev. E 79, 057701 (2009)
S. Rombouts et al. PRL 99, E. Gull et. al EPL (2008)

- Sign problem behaves as in Hirsch-Fye.
Absent for one-dimensional chains, particle-hole symmetry, impurity models

—> Spin polarized particle-hole symmetric problems (Fermion bag)
E. Huffman, S. Chandrasekharan Phys. Rev. B 89, 111101 (2014)




Tr [e‘ﬁH

]]: ¥ j‘dqz ---Tlldrnz [—Z)ndet[Mn(rl,sl...,Tn,sn&

Tr|:€_ﬁH0 n s s
\_ 1 AN
Y Y
Sum with Monte Carlo Weight
Sampling.
Configuration C: set of n-vertices at imaginary times [Tl,Sl:I [Tz,Sz :| ' ',[T,,,Sn:l

% % [70.5,] [72,5, ] [ 75, 55] |75 54 ]

[Tlasl] [Tzasz] [73953]
Remove

[71951] [73953]




TI'|:€_/3H:| B Too1 U n
Tr[e‘ﬁm] ) Z ! dq; ! dT”g‘ [_5) det| M, (7,5,7,3, )
\ ANG _
YT Y
Sum with Monte Carlo Weight
Measurements.
67 (1.1) = (7 Len] - [e,5.] 450,00, 6°,(1.0) = ¥, 6y(n.r,) (M°,),, 67 (2,1

<T H, [Tl,sl] - H, [Tn,sn]>0 o, B=1
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Bosonic Baths —> Electron-phonon problems

Hubbard-Holstein:
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Bosonic Baths —> Electron-phonon problems F. F. Assaad and T. C. Lang Phys. Rev. B76, 035116 (2007).
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Bosonic Baths —> Electron-phonon problems M. Hohenadler, FFA. J. Phys.: Condens. Matter 25, 014005 (2013)

Peierls to superfluid crossover in the one-dimensional quarter filled Holstein model @ 4=0.35

Charge correlation L=28, pt=40  s-wave pairing correlations
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wy <<t Pairs of electrons form a commensurate CDW (diagonal LRO).

wy >>t Pairs condense to form an s-wave superconductor (off diagonal LRO).




Fermionic Baths —> Correlation effects on edge state of quantum Spin Hall states
S. Rachel & K. Le Hur, PRB 82, 075106, (2010)

M. Hohenadler et al. PRB 85 (2012)

Phases of the Kane Mele Hubbard model
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Fermionic Baths —> Correlation effects on edge state of quantum Spin Hall states

Phases of the Kane Mele Hubbard model

S. Rachel & K. Le Hur, PRB 82, 075106, (2010)

M. Hohenadler et al. PRB 85 (2012)

T
-
2 -<—Semimetal
\ Quantum Spin Hall Insulator
0 .
0.0 0.1 0.2
A/t 1
0.5
$ 0
-0.5
Bulk: U/W<<1 Edge: U/v, >> 1 (v~ A) :
Ground state of bulk is well Edge states are exponentially localized 05

described by mean field Strongly correlated problem 30
-0.5




Fermionic Baths —> Correlation effects on edge state of quantum Spin Hall states
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- Paramagnetic mean field for bulk. Retain all the fluctuations on the edge.

Periodic, r S
&

Open,n

BB B
S:JO.dT_([dT' 2 Cj,G(T)GO_’lG(I"—I",T-’L")C}ﬁ,p(’[') + Ujdr 2[”F,T(7)_%)(”r,¢(7)_%)

r,r',o } 0 r

|

Green function of the model on the ribbon (e.g. paramagnetic mean-field)




Fermionic Baths —> Correlation effects on edge state of quantum Spin Hall states

i Single particle spectral function
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Auxiliary field QMC
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» The action is real! > positive weights
(U(1) spin symmetry, particle-hole symmetry, V positive definite)
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Computational cost. V3f

s it possible to better? In principle yes = Hybrid molecular-dynamics hints to a VS scaling

R. T. Scalettar, D. J. Scalapino, R. L. Sugar, and D. Toussaint. Phys. Rev. B36, 8632 (1987). In practice?




Recent developments: Renyi entanglement entropies.

A different way of writing Wick’s theorem. T. Grover Phys. Rev. Lett., 111, 130402, (2013).
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Recent developments: Entanglement spectrum pa=e
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The Mott transition

Measuring the magnetic moment

FFA & I. Herbut PRX 3, 031010 (2013)

Steven R. White and A. L. Chernyshev Phys. Rev. Lett. 99, 127004

Introduce pinning fields H= HtU + ho(no,T_ n, ,i)
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The Mott transition \/
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Measuring the single particle gap
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The Mott transition
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Gross-Neveu Yukawa
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L, :21/70 (Xaf)aﬂ,}/fa (X,7) Dirac fermions
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Conclusion

Correlated electrons in bosonic and fermionic baths (CT-INT)

Electron-phonon problem
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