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Outline

« HTSC: Cuprate case

» Reference system: DF-QMC method
* What is “"Glue” for HTSC?




40 years of HTSC: What is the
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Complicated Stripes-HTSC problem

“Absence of Superconductivity in the Pure T 7 “Coexistence of superconductivity with
two-Dimensional Hubbard Model” partially filled stripes in the Hubbard model”
S.R. White, S.W. Zhang et al. PRX10, 031016 (2020) S.R. White, S.\W. Zhang et al. Science 384, 637 (2024)
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Fermionic QMC.: sign problem vs. sign blessing

Problem: DOQMC and CT-INT for large system about 8x8

Doped and particle-hole asymmetric case ,
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E. Loh, Phys. Rev. B 41, 9301 (1990) R. Mondaini, S. Tarat, R. Scalettar, Science 375, 418 (2022)

Blessing: DiagMC and Cdet (Riccardo Rossi)
Cancellation of high-order
Feynman diagram
10-12 order is converge
with “shifted-action” and ;\
conformal mapping N7

N. Prokof’ev “DiagMC” Julich school 2019



Weak and Strong coupling: QMC
H = Citlgcg -+ ZCIC£U12340304

Weak: U<<t, “normal” perturbation diagram
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CT-OMC: CT-INT ("det Gg")
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CDet:  cv)=det(v) - 3" c(8) det(vV\5)

SCV

R. Rossi, Phys. Rev. Lett. 119, 045701 (2017)
Strong: U>>t complicated perturbation diagram
CT-QMC: CT-HYB ("det A”)
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Phys. Rev. Lett. 97, 076405 (2006).



Can we “shift u“?
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Super-perturbation: DF-QMC

« Controllable perturbative solution of doped Hubbard model for HTSC
« Developed DF expansion around DQMC for N=1, t'=0
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DOS for Reference System
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DF-exact diagrammatics
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Similar “strong-coupling” cumulant expansion:
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DF-QMC scheme:

Hamiltonian and Action
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Super-DF-QMC 2x2 compare with exact QMC
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DF-OMC scheme: K - Space

Action in Fourier-space 1

Gy * ~—1 * Pk
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K-space test 4x4 system DOMC & CT-INT
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DF-QMC 8x8 CT-INT

Reference System
t U

Mott-Slater insulator U=8t Correlated metal
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I\/Iatsubara Green’s Function
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Spectral Function
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DF-QMC for 8x8: Spectral Function
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Nodal-Antinodal dichotomy
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Superconductivity: D-wave instability

Perturbation action with external symmetry breaking fields Ax = hgy(cos ky — cos k)
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Superconductivity: D-wave instability

Lattice Green’s Function: Spinor Form:
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Fermi Surface and d-waves:

Superconductivity of the “bad” electrons
Normal: A(k)=-1/mt G(k,w() Anomalous: F (k,wq)
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Effect of ¥




Effect of eVH
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ED 4x4 cluster: Local Pairs
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Strong Coupling HTSC: RVB

Interlayer _— (1+ 2“8F) PW. Anderson, Science 258, 1154 (1995)
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Conclusions

DF-diagrammatic can be combined with Lattice
DQMC to describe doped strongly correlated
systems

Importance of ¢’ for response on dxz_yz fields
and 1 dependence shows HTSC-physics

Collaborations with:

Sergei Iskakov (Michigan)
Evgeny Stepanov (Paris)
Mikhail Katsnelson (Nijmegen)



Effects of t' on 4x4 cluster

Ground State crossing
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TB-Model: HTSC
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3x8 test DF-QMC vs. DQMC
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AFM vs. Dw
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From DFT to var-QMC

M. Schmid,...,M. Imada, Phys. Rev. X 13, 041036 (2023)
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