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“Quantum” Monte Carlo
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Diagrammatic approaches
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Diagrammatic approaches

4 ) J ~ Z ) 2
YA TYLVA S 4
n 4 o [} ) o/
o/
bosons quantum spins fermions
World-line Approach Stochastic Series Expansion Determinantal Methods
Prokof’ev et al, JETP, 87, 310 (1998) Sandvik et al, PRB, 43, 5950 (1991) Gull et al, RMP, 83, 349 (2011)

/ / “*“' ~7
NG ERON
\

i/ WJAhce & Bob
Entanglement & Fidelity

LW and Troyer, PRL 2014
LW, Liu, Imriska, Ma and Troyer, PRX 2015
LW, Shinaoka and Troyer, PRL 2015



Diagrammatic approaches

bosons
World-line Approach

Prokof’ev et al, JETP, 87, 310 (1998)

\

N/

/\K/f’ﬁ\y Alice & Bob
Entanglement & Fidelity

LW and Troyer, PRL 2014
LW, Liu, Imriska, Ma and Troyer, PRX 2015
LW, Shinaoka and Troyer, PRL 2015

quantum spins

Stochastic Series Expansion
Sandvik et al, PRB, 43, 5950 (1991)

U/"'

fermions
Determinantal Methods

Gull et al, RMP, 83, 349 (2011)

o j

<
LCT-QMC methods

lazz1 and Troyer, PRB 2015
LW, lazzi, Corboz and Troyer, PRB 2015
Liu and LW, PRB 2015



<

What about the sign problem ?
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What about the sign problem ?

y s Oign problem free: Kramers pairs due to the

>~ time-reversal symmetry

—1 Lang et al, Phys. Rev. C, 1993
det M > O if @M@ M Koonin et al, Phys. Rep, 1997

@ 2 Hands et al, EPJC, 2000
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@ But, how about this ?
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Scalapino et al, PRB 1984 Gubernatis et al, PRB 1985

up to 8*8 square lattice and T>0.3t

Meron cluster approach, Chandrasekharan and Wiese, PRL 1999
solves sign problem for V > 2t




Solutions !
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Solution to sign problems in half-filled spin-polarized electronic systems

Emilie Fulton Huffman and Shailesh Chandrasekharan
Department of Physics, Duke University, Durham, North Carolina 27708, USA
(Received 19 December 2013; revised manuscript received 14 February 2014; published 12 March 2014)
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spinless fermions split Dirac cone spin nematicity SU(3)

LW, Troyer, PRL 2014 Liu and LW, PRB 2015
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LW, Iazzi, Corboz, Troyer, PRB, 2015
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Asymmetric Hubbard model
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Two limiting cases

Falicov-Kamball Limit

SIMPLE MODEL FOR SEMICONDUCTOR-METAL TRANSITIONS:
SmB, AND TRANSITION-METAL OXIDES

L. M. Falicov*
Department of Physics, University of California, Berkeley, California 94720

and

J. C. Kimballf

(Received 12 March 1969)

We propose a simple model for a semiconductor-metal transition, based on the exis-
tence of both localized (ionic) and band (Bloch) states. It differs from other theories in
that we assume the one-electron states to be essentially unchanged by the transition.
The electron-hole interaction is responsible for the anomalous temperature dependence

of the number of conduction electrons. For interactions larger than a critical value, a
first-order semiconductor-metal phase transition takes place.

Long-range spin order on bipartite

lattices with infinitesimal repulsion
Kennedy and Lieb 1986

“Fruit fly” of DMFT

Freericks and Zlati¢, RMP, 2003/
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Strong Coupling Limit

X7 model with Ising anisotropy




Phase diagram

ty/ty




Phase diagram

U/t



Phase diagram

AF-Ising
/

Falicov-Kimball limit U/ts




Phase diagram

XXZ limit

AF-Ising
/

Falicov-Kimball limit U/ts




Phase diagram

AF-Heisenberg

N Lo,

XXZ limit

AF-Ising
/

Falicov-Kimball limit U/ts




Phase diagram

Meng et al 2010

Sorella et al 2012

Assaad et al 2013 AF-Heisen berg
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Phase diagram

Meng et al 2010

Sorella et al 2012

Assaad et al 2013 AF-Heisen berg
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XXZ limit

AF-Ising
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Falicov-Kimball limit U/t+

¢ How to connect the phase boundary ?

¢ What is the universality class ?
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