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Ĥ = Ĥsys + Ĥint
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Simple example
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Modeling step 1: Classical E&M approximations
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Physical (linear) model
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Ĥ0
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Modeling step 2: Quantize

Zlatko Minev, IBM Quantum (16)

Ĥtot = Ĥlin + Ĥnl
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lumped

Step 2: Landscape of quantization methods

quasi-lumped

full-wave

energyimpedance

quasi-static

Yurke & Denker (1984), 
Devoret (1997), Burkard 
et al. (2004), Koch et al…

Minev (2018)
Minev et al. (2020)

Nigg et al. (2012), Bourassa 
et al. (2012), Solgun et al. 
(2014, 2015, 2017) …  

Malekakhlagh et al. (2017, 2019), 
Gely et al. (2019), Parra-Rodriguez 
et al. (2019), Minev et al. (2021), ...

more information, complexity, accuracy fast

See Friday Workshop!

…



Example of step 2 with EPR
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Physical (linear) model

qubit

resonator

Eigenmodes

energy stored 

in junction

½ L i2

!! Ĥfull
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Dissipation
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Step 3: Hamiltonian

Heff: for simplicity, showing up to O(φ6) in RWA

Qubit/cavity anharmonicity

Qubit Lamb shift

Qubit-cavity dispersive shifty

χqc

ωcωq

Transition 

spectrum !q!q

-Δq

Zlatko Minev, IBM Quantum (19)



Step 3: Hamiltonian: Universal constraints & EPR monogamy

Heff: for simplicity, showing up to O(φ6) in RWA

χqc

ωcωq

Transition 

spectrum !q!q

-Δq

Zlatko Minev, IBM Quantum (20)

knot: clikr

Quantum parameters 
are not independent
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EPR theory vs. experiment

image: makc76 



Theory vs. experiment: agreement over 5 orders of magnitude

WG DTW

R DT3

R:     Minev et al. (2018)

WG: Minev et al. (2013, 2016) 

DT3, DTW: Minev et al. (2019)



Zlatko Minev, IBM Quantum (23)

Planar devices & 
comparison to other methods

image: makc76 

Automated with
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Measured vs. predicted: qubit-readout cross-Kerr

Measured χ (MHz)
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EPR (eigenmode)

y = x

Marker size indicates 
error bars.
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Measured vs. predicted: qubit-readout cross-Kerr

Measured χ (MHz)
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LOM (quasi-static)

EPR (eigenmode)

y = x

Marker size indicates 
error bars.

Z (driven)

7%



IBM Quantum

Quantization approaches

Full-waveQuasi-static

Agreement
for presented results

Speed

Generality

* includes dissipative params

External inputs

lumped
(LOM)

19% / 10%

fastest and 
cheapest

low

higher

eigenmode
     (EPR) 

4%

moderate

highest*

low

impedance
(Z)

7%

moderate

high

low
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Layout
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…

IBM 5Q Tsuru U Tokyo Chalmers 8Q

TU Delft Fluxonium Measured

Simulated

T.  McConkey & co.
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The Need for Open Quantum Hardware



Thank you!

“It is enough if one tries merely to comprehend a 
little of this mystery each day.”

zlatko-minev.com@zlatko_minev qiskit.org/metal

IBM Quantum
IBM T.J. Watson Research Center

Yorktown Heights, NY

Zlatko K. Minev A. Einstein



Ways to learn more 
Global Summer Schools QGSS

2020
cQED Lecs. 16-21 Minev

2021
Intro to quantumm noise

Zlatko Minev, IBM Quantum

Quantum Seminar Series

(host: Minev; level: advanced)

open 
access

open 
access

/ qiskit

/ qiskit-metal

qiskit.org/metal

open 
access

Qiskit SDK

open 
access

Qiskit Textbook

https://github.com/Qiskit/qiskit-metal
https://github.com/Qiskit/qiskit-metal

