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IBM Quantum

Avoid firehose of information

Thanks to Fred Moxley for gif reference.



Overview of career in brief 



at time t ≈ 0 

Image: National Geographic Sofia, Bulgaria UC Berkeley, CA Yale University, CT



Zlatko Minev

Roles since then

Ø Technical Lead and Manager

for 2 teams and missions I founded:

Ø Qiskit Leap Research
advanced collaborative quantum computing research

Ø Qiskit Metal 
quantum processor design and analysis

ADDITIONAL ROLES

Ø Associate Fellow,

Canadian Institute for Advanced Research (CIFAR)

Ø Member of the Board, 

Yale University, Graduate School Alumni Association

Ø Board of Governors, 

Yale Alumni Association

Ø Lead and Host,

IBM Quantum, YouTube Seminar

Ø Chairman,

Open Labs Science Outreach



Some highlights

Yale-Jefferson Award for 

Public Service
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Quantum Jumps



H.J. Carmichael
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…
Zlatko Minev, IBM Quantum



Discreteness Unpredictability

Quantum

column: vectorpocket Zlatko Minev, MIT TR35



Volcano image 

based on brgfx Zlatko Minev, MIT TR35

Predict?



|1⟩

|0⟩
Zlatko Minev, MIT TR35



|1⟩

|0⟩

?

Quantum Jump: Until Now

Zlatko Minev, MIT TR35

Discrete?

Instantaneous?

Unpredictable?

Mario, Nintendo



|1⟩

|0⟩

Coherent

superposition!

Continuous

Coherent

Degree of predictability

Zlatko Minev, MIT TR35

The Real Quantum Jump



Predict & Control:

|0⟩

Zlatko Minev, MIT TR35

Catch and reverse 

jump mid-flight



?

|1⟩

|0⟩

|1⟩

|0⟩

Bohr Einstein Schrödinger

Zlatko Minev, MIT TR35



Quantum Computing:

 Error correction

Quantum Sensing

Zlatko Minev, MIT TR35



There is more to the story of quantum physics …

Not quite as discrete and random as we thought …

Opens doors to otherwise inaccessible technology …

Zlatko Minev, MIT TR35



Lessons



“It is by logic that we prove,

  but by intuition that we discover.”

Henri Poincaré

Photo by Eugène Pirou
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Believe in your ideas
Hear criticism, 

then make a quantum leap 

Have fun & misbehave a bit
(John Cohn)
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Photo: F. Schmutzer
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Learn beyond apparent boundaries

“We are not students of 
some subject matter, but 
students of problems. And 
problems may cut right 
across the borders of any 
subject matter or discipline.”

Karl Popper
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We're in the business of challenging
There are no unsolvable problems, only paths which do not lead to 

their solution
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”Having fun can smooth the ride” (John Cohn, IBM Fellow)

Yale Swing &  Blues Zlatko Minev — Shapes of Success 2020   (26)



Lessons from the quantum jumps story

Believe in your ideas
Hear criticism, 

then make a quantum leap 

Question-driven research
You can only have great answers
 if you start with great questions

We're in the business of 
challenging

There are no unsolvable problems, only 
paths which do not lead to their solution

Have fun & misbehave a bit
(John Cohn)

Periods of intense single-
minded focus

Alternate with learning widely

Learn, learn, learn
Learn widely; learn always; do not limit self;

Can’t just keep doing what you’ve been 
doing
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The science of success & the art of fulfillment

Teach to learn

Find the way, 

Go the way, 

Show the way
i.e., give back

Zlatko Minev — Shapes of Success 2020   (28)



Zlatko Minev

Extra broader work



Broader work 

adjacent to research and tech



Educational, enablement, advocacy

Z Minev

Results. 

So how is it going?

115+ seminar 

244,461+ hours of total viewer 

watch time 

1 million + viewers (people who 

watched the video)

Nearly 26 million impressions 

(people who saw the video in their 

feed)

Equivalent to 140 years of a 

person’s work life [i.e., full-time 

equivalent (FTE)]

140 years in 115 seminars: Quantum research community connects on YouTube



Educational, enablement, advocacy

Z Minev

Research enablement assets

researcher onboarding guide, 

theorist cheat sheet, 

researcher code assets,

...

Educational assets 

Tutorials, videos, manuscripts, ...

Qiskit Cheatsheet

! Introduction

What is Qiskit Leap?
! Forming academic collaborations, our team’s mission is to

seek and demonstrate the best possible science with quan-
tum computers today. "

" Device Speci#cations

".! Connectivity (IBM Auckland)

"." Loading the backend

1 provider = IBMQ.providers()[0]
2 backends = provider.backends()
3 backend = provider.get_backend('ibm_auckland')
4 props = backend.properties()
5 config = backend.configuration()
6 defaults = backend.defaults()

".$ Data retrieval

1 calibrations = defaults.instruction_schedule_map
2 basis_gates = backend.configuration().basis_gates

".% Hamiltonian

1 hamiltonian = config.hamiltonian

".& Native Single Qubit Gates
Methods for qiskit.circuit.QuantumCircuit

"qubit" refers to its index.

id (qubit) Apply Identity.

x (qubit) Apply Pauli-X.

sx (qubit) Apply sqrt. of Pauli-X.

rz (ω, qubit) Given ω, apply rotation around Z-axis.

Arbitrary rotations implemented through the sequence:

".’ Multi-Qubit Gates
Methods for qiskit.circuit.QuantumCircuit

"qubit", "target", and "control" refer to their indexes.

cx (control, target) Apply a CNOT gate.

CR(ε/4)X CR(→ε/4)X

CR(ω) = exp(→iωZX)

".( T! & T" Errors
Methods for props

"qubit" refers to its index.

qubit_property (qubit, ’T!’) Retrieves T! error.
qubit_property (qubit, ’T"’) Retrieves T" error.

".) Gates times and #delities
Methods for props

"gate" must be one of: [’sx’, ’cx’, ’rz’, ’x’, ’id’]. "qubit" refers to its index.

gate_error (gate, qubit) Retrieves gate error.

gate_length (gate, qubit) Retrieves gate time (ns).

# ns

Virtual # ns

Gate Time Errors

$% ns

&’# ns

".* Measurements, time, and #delity
Methods for qiskit.circuit.QuantumCircuit

"qubit", and "c_bit" refer to their indexes.

measure (qubit, c_bit)

measure_all ()

Methods for props

readout_error (qubit) Retrieves measurement error.

readout_length () Retrieves measurement time (ns).

Time Errors

’%’ ns

70 pgs

70 pgs

4+ hours



Global Summer Schools  
4 years x 5,000+ students MOOC

...

- 5,000	live	attendees

- 111	countries

- 27%	active	industry	

professionals

- 73%	students	

Student	feedback	/	public	comments:

• “One	of	the	best	presenters	and	an	expert	in	

making	the	whole	learning	process	least	noisy;	

i.e.	highest	fidelity	in	knowledge	transferring.”	

• “Please	make	this	video	available	forever.	This	

lecture	series	is	a	masterpiece.	This	can	be	our	
reference	forever."

• “Today's	lectures	were	the	most	interesting	I	

have	ever	attended	any	QC	lectures…	
I	haven't	paid	this	much	attention	in	long	

time	and	Zlatko	made	a	huge	impact,	Thank	
you.”

cQED book 
WIP

Introduction to quantum circuits:
artificial atoms and microwave photons

Book WIP: Zlatko, Jens Koch, Michel Devoret

Z Minev

- 5,000+	live	

attendees



Open Labs
Est. 2012

Zlatko Minev — Shapes of Success 2020   (34)



Quantum Computer 

and IBM Quantum



“Quantum 
cloud”

Laptop image: rawpixel.com
Zlatko Minev, IBM Quantum
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Quantum 
computer

Quantum 

computer inside



Zlatko Minev, IBM Quantum

Programming 
quantum

execute program

in Python
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Biggest challenge?

Please do share
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Biggest challenge?

Noise 

(Errors)

hype

engineering

algo 
development

gravity

hardware 
development

high error rates

need CS/EE 
talent 

heat

decoherence

error correction 
overheads

loss

material 
quality

modularization

expectations

stability

scalability

importance of 
N in NISQ



Zlatko Minev, IBM Quantum (41)

Biggest challenge

Noise 

(Errors)



Quantum computational science on quantum hardware

Zlatko Minev, IBM Quantum

What should I know about using today’s quantum hardware?

Quantum and Noise

Introduction in a nutshell

1 qubit (Hello World!) 

to  

100+ qubits (state of art)
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Hello World: Is it even or odd?

Compute resources 1 qubit

Algorithm input  an integer d > 0

Task    even or odd?

A toy algorithm

Start in 0, flip d times, measure

X

<latexit sha1_base64="gU3LOLfiEvKlt8g/yD4KmEAs17E="></latexit>

⇣ ⌘d

<latexit sha1_base64="8nObI7fEpUMDwLP2GWPrkf2c3EA="></latexit>

...
=
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Hello World!  Ideal expectation results
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X

<latexit sha1_base64="gU3LOLfiEvKlt8g/yD4KmEAs17E="></latexit>

⇣ ⌘d

<latexit sha1_base64="8nObI7fEpUMDwLP2GWPrkf2c3EA="></latexit>
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Hello World!  Ideal expectation results
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X

<latexit sha1_base64="gU3LOLfiEvKlt8g/yD4KmEAs17E="></latexit>

⇣ ⌘d

<latexit sha1_base64="8nObI7fEpUMDwLP2GWPrkf2c3EA="></latexit>

Let’s run on an (old) 

real device!
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Hello World!  Real expectation results

X

<latexit sha1_base64="gU3LOLfiEvKlt8g/yD4KmEAs17E="></latexit>

⇣ ⌘d

<latexit sha1_base64="8nObI7fEpUMDwLP2GWPrkf2c3EA="></latexit>

Raw data!?!! 

! ! !
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Real & noisy quantum processors: Why study noise?

X

<latexit sha1_base64="gU3LOLfiEvKlt8g/yD4KmEAs17E="></latexit>

⇣ ⌘d

<latexit sha1_base64="8nObI7fEpUMDwLP2GWPrkf2c3EA="></latexit>

Cartoon: Paul Noth

! ! !



“Quantum phenomena
  do not occur in a Hilbert space, 
  they occur in a laboratory.”

Asher Peres
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Real

Elements of     noise

projection

<latexit sha1_base64="Hjfqcvb2eEUywEcyshUv0m/T2sY="></latexit>
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Learn the basics?

Introduction to superconducting 
qubits (cQED)

Lecs. 16-21 Minev
QGSS 2020

2021, 2022, 2023
Intro to Quantum Noise

Z. Minev

qiskit.org/learn
Qiskit Global Summer School 2023 coming up soon!
5,000+ students
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How to deal with errors due to noise?

Monitor
Error anticipated

Tell signal detected

No monitor
Error occurs

Error undetected

Minev, Nature (2019), ... ... subject of today

Catch and reverse

Monitor
Error occurs
Error detect

Quantum error correction

Shor, PRA (1995), ...

Error mitigation



Error mitigation and error correction at a glance 

Error mitigation Working with what you have

• benefit suppress errors on classical results (expectation values)

• q-cost            no extra qubits or hardware resources needed

• c-cost            trades classical resources (post-processing/runtime) for 

            lower error 

• limitation bad asymptotic scaling: high number of samples & circuits

Error correction Protecting your quantum information

• benefit     suppress & correct errors to arbitrarily small level

• q-cost     very large qubit and hardware overhead

• c-cost     decoding and encoding can be classically costly

• challenge     requires fault-tolerant operations and readout 



Error mitigation landscape

more 

speed

more information, 

accuracy 



Error mitigation landscape

54

! !"

! "

! #$%&'

Nature 567, 491 (2019)

Zero-noise extrapolation (ZNE) Probabilistic error cancelation (PEC)
<latexit sha1_base64="13nwGo/oeznEqQ8NdIHk80Xpq4E="></latexit>
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This talk
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speed
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accuracy 



Error mitigation landscape

55
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Nature 567, 491 (2019)

Zero-noise extrapolation (ZNE) Probabilistic error cancelation (PEC)
<latexit sha1_base64="13nwGo/oeznEqQ8NdIHk80Xpq4E="></latexit>
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qiskit.org
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Path to utility of quantum computers before error correction

https://qiskit.org/documentation/partners/qiskit_ibm_runtime/tutorials/Error-Suppression-and-Error-Mitigation.html 

We need improvements in

scale, quality, and speed.

We want to 

get here 

https://qiskit.org/documentation/partners/qiskit_ibm_runtime/tutorials/Error-Suppression-and-Error-Mitigation.html


Zlatko Minev, IBM Quantum (57)

Bring useful quantum computing

A prequel to the panel
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<latexit sha1_base64="R1x7WB1PL20yi8M6WGUY9AbFCtY="></latexit>

Q0 RX(�)

Q1 RX(�) RZ(✓)

Q2 RX(�) RZ(✓)

Q3 RX(�) RZ(✓)

4 qubits x 4 gate layers

one gate layer
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Q0 RX(�)

Q1 RX(�) RZ(✓)

Q2 RX(�) RZ(✓)

Q3 RX(�) RZ(✓)

one layer
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[1]

[2]

[3]
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[5]

[6][7]
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0 20 40 60 80 100 120 140

Number of two-qubit gate layers (depth)

A representative subset of 

many-body physics 

experiments on 

superconducting quantum 

computers until 2023, 

depths approximate*

[1] Science 369, 1084 (2021) 

[2] Nature 594, 508 (2021)

[3] Science 374, 1479 (2021)

[4] Nature 601, 531 (2022)

[5] Science 378, 785 (2022)

[6] Nature 612, 240 (2022)

[7] Nature 618, 264 (2023)

...

* signal stops or decays more than 

50% beyond this depth, capped at 140

Easier

Many-body physics

on superconducting 

quantum computers
Harder

* note: quantum advantage with shallow 

circuits, Bravyi, Gosset, Konig, and related
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Easier

Some experiments 

in last 3 months Harder
Utility paper 

[Nature]
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[1]  Yu, Zhao, Wei.

       arXiv: 2207.09994 (2022)

[2] Shtanko, Wang, Zhang, Harle, Seif, Movassagh,   

      Minev.  

      arXiv: 2307.07552 (2023)

[3] Farrell,  Illa,  Ciavarella,  Savage.

      arXiv: 2308.04481 (2023)

[4] Bäumer,  Tripathi,  Wang,  Rall,  Chen, 

      Majumder,  Seif,  Minev.

      arXiv: 2308.13065 (2023)

[5] Chen, Zhu, Verresen, Seif, Baümer, Layden,   

      Tantivasadakarn, Zhu, Sheldon, Vishwanath, 

      Trebst, Kandala.  

      arXiv: 2309.02863 (2023)

[6] Liao,  Wang,  Sitdikov,  Salcedo,  Seif,   

      Minev.  

      arXiv: 2308.13065 (2023)

…
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[2]  Uncovering 

integrability 

MBL/LIOMs

Easier

Some recent 

experiments Harder
[4] Dynamic 

circutis
[6] ML-QEM

* signal stops or decays more than 50% beyond this depth, capped at 140

* note: quantum advantage with shallow circuits, Bravyi, Gosset, Konig, and related

Utility paper 

[Nature]

[5] Nishimori 

cat

[3] Ground 

state

[1] Spin 

chain
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Osprey – 433 Qubits

Osprey connectivity map



Performance =
Scale 
Quality 
Speed

Number of qubits

Circuit fidelity

Circuit execution speed

+
+
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100K-qubit Quantum-Centric Supercomputer

https://www.youtube.com/watch?v=7aa_ik_UYTw 

https://www.youtube.com/watch?v=7aa_ik_UYTw


Qiskit Metal 



E&M
Simulation

Quantum
Hamiltonian

Gates & time-
evolution analysis

Quantization
Methods

Layout

Fabrication

IBM Confidential – For Internal Use Only

Technology stack



Device Library

70

Qubits

Single transmon-

floating

Star-shaped qubitSingle transmon-

grounded flux lines

Resonators

Simple coplanar 

waveguide (CPW) 

meander

Qubit Couplers

Tunable 

coupler (MIT)

Direct 

coupler 

Bus resonator 

coupler

Input – Output Coupling

CPW 

launch pad
Readout line Charge line



IBM Confidential

Qiskit

Metal

Zlatko Minev 

Landscape of quantization methods

lumped
quasi-lumped

full-wave

energyimpedance

quasi-static

more speed

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, accuracy 
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Tutorials: Quantum analysis library 
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Eigenmode

Minev arXiv: 1902.10355
Minev arXiv: 2010.00620

Tutorials: Quantum analysis library 
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Minev arXiv: 1902.10355
Minev arXiv: 2010.00620

Tutorials: Quantum analysis library 
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Minev arXiv: 1902.10355
Minev arXiv: 2010.00620

Tutorials: Quantum analysis library 

Example: 

transmons

Example: 

fluxonium
(Delft)
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Tutorials: Quantum analysis library 

General capacitive analysis code 
map to known building blocks: e.g.,
transmon, fluxonium, zero-pi, etc. 

Quasi-static
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Tutorials: Quantum analysis library 

General capacitive analysis code 
map to known building blocks: e.g.,
transmon, fluxonium, zero-pi, etc. 

Quasi-static
Simple 

example
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Qiskit Metal: Key features and content

End-to-end automation Flexible & extensible Light-weight interoperability

Experimentally tested Library of components Cutting edge resources

IBM Quantum



IBM Confidential

Qiskit

Metal

“Considering all its advantages, 

Qiskit Metal should be a clear 

long-term winner for 

IBM and the quantum community.”

- Forbes

Public launch of Qiskit Metal (2021)

The buzz…



IBM Confidential

Qiskit

MetalUse case example

QuTech / Technische Universiteit Delft

Figen Yilmaz-Andersen Lab:  Fluxonium chip design

Roald van den Boogaart-Andersen Lab:  Fluxonium spectrum (eigenmode = pyEPR) to show how 

they have extended the analysis methods to be able to handle fluxonium qubits

Sara Buhktari-Andersen Lab: Fabricated resonator design being measured

QuTech / Technische Universiteit Delft

Intermediate chip design. Quantum chip fabricated, cooled down, 

measured, reporting at APS MM23

“Qiskit-Metal is the best 

tool if one studies 

superconducting qubits” 

-- Figen Yilmaz

Zlatko Minev,



Ways to learn more 
qiskit.org/textbook

Qiskit Metal — PowerUp 
Python-based project started & led by Z. MinevQuantum Information Seminar Series

(Qiskit                         Host: Z. Minev)

Qiskit Global Summer School 
Qiskit                       (Lec. 16-21 by Z. Minev)



Photo: F. Schmutzer

The important thing is not to stop questioning. 
Curiosity has its own reason for existence. 

One cannot help but be in awe when he 
contemplates the mysteries of eternity, of life, of the 
marvelous structure of reality.

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

IBM Quantum@zlatko_minev zlatko-minev.com@zlatko_minev zlatko-minev.com zlatko.minev@ibm.com





Zlatko K. Minev, Ph.D.
IBM Quantum, T.J. Watson Research Center, Yorktown Heights, NY

@zlatko_minev zlatko-minev.com

Life & lessons as a scientist 

in “real life”

Thank you!
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“Success is peace of mind that is the direct 

result of self-satisfaction in knowing you 

did your best to become the best that you 

are capable of becoming.”

Coach John Wooden 

(1910–2010)
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