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ZERO-BANDWIDTH APPROXIMATION (ZBW)

Idea: keep only fg in the Wilson chain.

Qualitatively describes the nature of the ground state.

Example: Kondo singlet approximated by an AFM state formed
between the impurity orbital and the fy orbital.

Yu-Shiba-Rusinov screening of spinsin double
quantumdots

K. Grove-Rasmussen &, G. Steffensen, A. Jellinggaard, M. H. Madsen, R. Zitko, J. Paaske & J.
Nygard

Nature Communications 9, Article number: 2376 (2018) | Cite this article



ZERO-KINETIC-ENERGY

APPROXIMATION
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L: number of levels.
U: number of unblocked levels.
M: number of Cooper pairs.
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— toy model
—— DMRG IE(N-1)-E(N)I
—— DMRG I[E(N+1)-E(N)I
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requires numerical solution
of a transcendent equation




PERTURBATION THEORY (2ND ORDER)
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Fig. 2. Imaginary part of X¥(w) at 7 = 0 for various values of the asymmetry parameter £y/1
0
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Analytical expressions!

Yosida, Yamada
Horvatié, Zlati¢, 1980, 1982




DYNAMIC CORRECTIONS (ON TOP OF HF)
yHF = an ZG(lwn)e“"’"0 and S = BZ Q(lwn

):(2)(iw,,) = —— Z G(iwn + ivm)x(ivm), S )(lw,,) = Z G(iwn + ivm)x(ivm).

meEZ meZ

X(ivm) = Z (G (iwn) G (iwn + ivm) + Gliwn)G(iwn + ivm)]



Wy/A

02 04 06 08 1 12 14 1.6 18 2
/A

Perturbation theory for an Anderson quantum dot asymmetrically
attached to two superconducting leads

M. Zonda, V. Pokorny, V. Jani$, and T. Novotny
Phys. Rev. B 93, 024523 — Published 29 January 2016
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Problem is integrable if the S matrix satisfies the Yang-Baxter relation.
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N. Andrei et al., Rev. Mod. Phys. 55, 331 (1983)
A. M. Tsvelick, B. Wiegmann, Adv. Phys. 32, 453 (1983)



ALTERNATIVE METHODS (SIMULATIONS):
QUANTUM MONTE CARLO

(e 1
(A) = Tr((e—ﬁH)) b= enT

15
e ) =T H el e LAV

sy \imaginary-time discretization

e—ATH i e—ATHle—ATHg et O(ATQ)

Monte-Carlo sampling over auxiliary variables with

Metropolis-Hastings algorithm
Example: Hirsch-Fye QMC algorithm for the Anderson impurity model



CONTINUOUS-TIME QMC ALGORITHMS

o ;

Tr (TTeBHa exp —/ d7 Hy(7) )
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® no time-discretization errors
® no auxiliary-field decomposition
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N. V. Prokof’ev et al.,
JETP Lett. 64, 911 (1996)
P. Werner et al., PRL 97, 076405 (2006)
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o'
(_
el
(_
%
Zo
o,
(_

\]
(Bm
o'
P



REVIEWS OF MODERN PHYSICS, VOLUME 83, APRIL-JUNE 2011
Continuous-time Monte Carlo methods for quantum impurity models
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DO NRG AND QMC AGREE?
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R. Zitko, ]. Mravlje, K. Haule, Phys. Rev. Lett. 108, 066602 (2012)
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EVIDENCE FOR A

QUANTUM PHASE TRANSITION
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R. Zitko, ]. Mravlje, K. Haule, Phys. Rev. Lett. 108, 066602 (2012)
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NON-CROSSING APPROXIMATION

dy = b'f,
4
= Y erioal, 0o+ 2 Alal gl +he) + Do flfo+ 7L DT (e, oo +he) +
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Zero-Bias Anomaly in @ Nanowire Quantum Dot Coupled to
Superconductors

Eduardo J. H. Lee, Xiaocheng Jiang, Ramdén Aguado, Georgios Katsaros, Charles M. Lieber, and Silvano De
Franceschi

Phys. Rev. Lett. 109, 186802 — Published 31 October 2012



