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Outline- Model Hamiltonian

- Hierarchical quantum 
  master equation approach

- Sharp peaks in the conductance-
   voltage characteristics for T»T

Kondo
 

- Negative diff. resistance with 
   Luttinger liquid leads

- Transport characteristics of a 
   correlated material

- Crossover in inelastic electron 
   tunneling spectra (IETS) 



  

Model Hamiltonian



  

Model Hamiltonian



  

Hierarchical master equations



  

Hierarchical master equations



  

Hierarchical master equations



  

Hierarchical master equations

Estimate importance
of the 
  
prior to calculation

→exact when converged, 
cf. QMC, Härtle et al., PRB 92, 245426 (2015).



  

Sharp conductance peaks

Martinek, König, PRL90, 166602 (2003)
RH, Millis, PRB 90, 245426 (2014)
Wenderoth, Bätge, RH, PRB 94, 121303R (2016)

Renormalization due to exchange interactions

α weak

T»T
Kondo



  

Sharp conductance peaks
Renormalization due to exchange interactions

α weak

quasi-degenerate
orbitals

T»T
Kondo

Martinek, König, PRL90, 166602 (2003)
RH, Millis, PRB 90, 245426 (2014)
Wenderoth, Bätge, RH, PRB 94, 121303R (2016)



  

Sharp conductance peaks
Long times scales 

α weak

Martinek, König, PRL90, 166602 (2003)
RH, Millis, PRB 90, 245426 (2014)
Wenderoth, Bätge, RH, PRB 94, 121303R (2016)



  

Vibrational cross-over regime

Schinabeck, Erpenbeck, RH, Thoss, arXiv:1609.05149 (2016)

Ω=0.2eV

Steps at 
Φ=2(ε

0
+nΩ)



  

Vibrational cross-over regime

Schinabeck, Erpenbeck, RH, Thoss, arXiv:1609.05149 (2016)

kinks at
 Φ>nΩ

Ω=0.1eV

Ω=0.2eV

Φ>Ω



  

Luttinger liquid leads

Okamoto, Mathey, RH, arXiv:1608.05399 (2016)

Y=0.8

Y=1

Y=1.2

Interactions renormalize 
tunneling efficiency J(ω) 
→ negative differential 
     resistance (NDR)

Two-particle correlations 
are negligible here



  

HQME as DMFT impurity solver

RH, Millis, to be developed (2016)

Falicov-Kimbal model

Test case, because
→ exact solution via 
    NEGF
→ metal-insulator trans.

Hypercubic Lattice, D=∞



  

HQME as DMFT impurity solver

RH, Millis, to be developed (2016)

        Lorentzian DoS



  

Summary and Outlook
Characteristics of HQME 
 - based on hybridization expansion 
 - systematic truncation possible                     see PRB 88, 235426 (2013)
 - results are competible with CT-QMC           see PRB 92, 085430 (2015)
 - time-local (access to long time scales)
 - exact and perturbative results 
 - equilibrium and nonequilibrium dynamics
 - any type of interactions
 - polynomial scaling with complexity of the impurity (?)

Extension to interacting environments / reservoirs 
 - impurity solver for DMFT applications (soon)
 - transport with Luttinger liquid leads  Okamoto, RH, arXiv:1608.05399 (2016)

Physics:
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