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The era of 

quantum u.lity
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Quantum state of play

We need a disruptive change to 

unlock the potential of 

quantum computation.

Data for all vendors taken from: arXiv:2307.16130
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A noisy quantum computer 

produces accurate 

expectation values 

on 127 qubits, 

outside of brute force 

classical computation.

https://www.nature.com/articles/s41586-023-06096-3
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IBM Quantum systems and Qiskit are 

bringing a disruptive change. Data for all vendors taken from: arXiv:2307.16130

Disruptive change
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Multiple utility-scale 

experiments within 

last 6 months (more 

to come)

Evidence for the utility of quantum 

computing before fault tolerance

127 qubits / 2880 CX gates

Nature, 618, 500 (2023)

Simula8ng large-size quantum spin 

chains on cloud-based 

superconduc8ng quantum computers 

102 qubits / 3186 CX gates

arXiv:2207.09994

Uncovering Local Integrability in 

Quantum Many-Body Dynamics 

124 qubits / 2641 CX gates

arXiv:2307.07552

Realizing the Nishimori transi8on 

across the error threshold for 

constant-depth quantum circuits

125 qubits / 429 gates + meas.

arXiv:2309.02863

Scalable Circuits for Preparing Ground 

States on Digital Quantum Computers: 

The Schwinger Model Vacuum on 100 

Qubits

100 qubits / 788 CX gates

arXiv:2308.04481

Efficient Long-Range Entanglement 

using Dynamic Circuits

101 qubits / 504 gates + meas.

arXiv:2308.13065
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Quantum reservoir computing with 

repeated measurements on 

superconducting devices

120 qubits / 49470 gates + meas.

arXiv:2310.06706 
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Condor

8

 
Superconducting qubits

Increase in qubit density

Of flex cabling

Pushing the limits of scale & yield
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Condor unblocked the 
road to scaling.

We now need to focus on gate 
depth and quality.
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IBM Quantum Heron: A Four-Year Journey
133-qubit count 

tunable coupler architecture
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IBM Quantum Platform: 

Where users come to do work

Qiskit + Systems = Work

IBM Quantum

System Two
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Qiskit
Now with increased performance, 

stability, and reliability.

1.0

IBM Quantum / © 2023 IBM Corporation https://www.youtube.com/watch?v=3QGmYr6cyB4

https://www.youtube.com/watch?v=3QGmYr6cyB4


Qiskit Patterns
The anatomy of a quantum algorithm

Step 1

Map quantum circuits and 

operators.

Step 2

Optimize problem for quantum 

execution.

Step 3

Execute using Qiskit Runtime 

Primitives.

Step 4

Post-process, return result in 

classical format.

IBM Quantum / © 2023 IBM Corporation 14

PassManager(UnitarySynthesis(),

BasisTranslator(),

EnlargeWithAncilla(),

AISwap(),

Collect1qRuns(),

Optimize1qGates(),

Collect2qBlocks(),

ConsolidateBlocks())

circuit(𝜃
⃗

)

circuit(𝜃
⃗

) +

observable 𝑂
̂

000101..., 
110110...

⟨𝑂
̂

⟩

˜

expectation 
value

bit-strings

Sampler

Estimator



The full promise of 

quantum computing at 

scale delivered via error 

correction
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A 100,000-qubit 

quantum centric super 
computer lets us move 

toward practical fault-
tolerance.

Low-overhead fault tolerant 

quantum computing using 

long-range connectivity

IBM Quantum / © 2023 IBM Corporation



The road is

clear to

extending

quantum u.lity

IBM Quantum / © 2023 IBM Corporation https://www.youtube.com/watch?v=L5PwmFnHCBI

https://www.youtube.com/watch?v=L5PwmFnHCBI




Development Roadmap

Hardware

Innovation

Software

Innovation

Researchers

Quantum 
Physicist

Data Scientist

Run quantum circuits 

on the IBM Quantum Platform

Release multi-

dimensional 
roadmap publicly 

with initial aim 
focused on scaling

Enhancing quantum 

execution  speed by 
100x with Qiskit 

Runtime

Bring dynamic 

circuits to unlock 
more computations

Enhancing quantum 

execution speed by 
5x with quantum 

serverless and 
Execution modes

Improving quantum 

circuit quality and 
speed to allow 5K 

gates with 
parametric circuits

Enhancing quantum 

execution speed and 
parallelization with 

partitioning and 
quantum modularity

Improving quantum 

circuit quality to 
allow 7.5K gates

Improving quantum 

circuit quality to 
allow 10K gates

Improving quantum 

circuit quality to 
allow 15K gates

Improving quantum 

circuit quality to 
allow 100M gates

Beyond 2033, quantum-

centric supercomputers 
will include 1000’s of 

logical qubits unlocking 
the full power of 
quantum computing

Platform

Code assistant Functions General purpose 
QC libraries

Middleware

Quantum 
Serverless

Transpiler Service Resource
Management

Circuit Knitting x P Intelligent Orchestration Circuit libraries

Qiskit Runtime

QASM3 Dynamic circuits Execution Modes

Falcon

Benchmarking
27 qubits

Eagle

Benchmarking
127 qubits

Heron (5K)

Error Mitigation

5k gates
133 qubits

Classical modular

133x3 = 399 qubits

Flamingo (7.5K)

Error Mitigation

7.5k gates
156 qubits

Quantum modular

156x7 = 1092 qubits

Flamingo (10K)

Error Mitigation

10k gates
156 qubits

Quantum modular

156x7 = 1092 qubits

Flamingo (15K)

Error Mitigation

15k gates
156 qubits

Quantum modular

156x7 = 1092 qubits

Starling (100M)

Error correction

100M gates
200 qubits

Error corrected
modularity

Blue Jay (1B)

Error correction

1B gates
2000 qubits

Error corrected
modularity

Falcon

Demonstrate scaling 
with I/O routing with 
Bump bonds

Hummingbird Eagle

Demonstrate scaling 
with MLW and TSV

Osprey Condor Flamingo

Demonstrate scaling 
with modular connectors

StarlingKookaburra

Demonstrate scaling 
with nonlocal c-coupler

Cockatoo

Enabling  scaling with 
high density signal 
delivery 

Demonstrate scaling 
with multiplexing 
readout

Single system scaling 
and fridge capacity

Flamingo (5K)

Error Mitigation

5k gates
156 qubits

Quantum modular

156x7 = 1092 qubits

Heron

Architecture based on 
tunable-couplers

Crossbill

m- coupler

Demonstrate path to 
improved quality with 
logical communication 

Early

Canary
5 qubits

Albatross
16 qubits

Penguin
20 qubits

Prototype
53 qubits

IBM Quantum Experience

Mapping Collection Specific Libraries

Qiskit

Circuit and operator 
API with compilation 
to multiple targets

Application
modules

Modules for domain 
specific application 
and algorithm 
workflows

Qiskit 
Runtime

Performance and 
abstract through 
Primitives

Serverless

Demonstrate 
concepts of 
quantum centric-
supercomputing

AI enhanced 
quantum

Prototype 
demonstrations of AI  
enhanced circuit  
transpilation

Resource
management

System partitioning to 
enable parallel 
execution

Scalable circuit 
knitting

Circuit partitioning 
with classical 
reconstruction at HPC 
scale

Error correction 
decoder

Demonstration of a 
quantum system with 
real-time error 
correction decoder

Early

Canary
5 qubits

Albatross
16 qubits

Penguin
20 qubits

Prototype
53 qubits

IBM 
Quantum 
Experience

Demonstrate path to 
improved quality with 
logical memory 

2016–2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2033+

Innovation Roadmap

Executed by IBM

On target

Demonstrate path to 
improved quality  with 
logical gates 
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Cleveland Clinic 
Cleveland, Ohio

PinQ2  

Bromont, Québec

IBM Research
Yorktown Heights, NY

BasQ
San Sebastian, Spain

IBM Ehningen Data Center [2024]

Ehningen, Germany

Yonsei University
Seoul, Korea

The University of Tokyo
Shin-Kawasaki, Japan

Scaling collabora,on 

through Quantum 

Computa,on Centers

IBM Poughkeepsie Data Center

Yorktown Heights, NY

Rensselaer Polytechnic Institute
Troy, NY

Fraunhofer
Ehningen, Germany

RIKEN
Kobe, Japan

IBM Quantum / © 2023 IBM Corporation
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Bringing together 
experts from classical + 
quantum + industry to 
identify the most 
pressing scientific 
challenges in the area 
today

Biological Sciences & Drug 
Discovery

High Energy Physics 

Anomaly detection
Lattice Gauge Theory
Sensing…

Optimization 

Image processing, Biomarkers – 
Omics technologies, Radiotherapy 
planning, Clinical trial optimization 
and design, Disease mechanism…

Materials properties
Dynamics of chemical systems
Ground and excited states…

Materials

Risk analysis
Portfolio Optimization
Transaction Settlement…

https://youtu.be/6p-0XYgIi7Q?si=mFDXwO1bml8eStZz

Technical Working Groups

https://youtu.be/6p-0XYgIi7Q?si=mFDXwO1bml8eStZz
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Healthcare & Life Sciences

Tackling challenges for HCLS with quantum computing

Goals

Establish that now is the time to focus on HCLS for 

which quantum computing (through quantum 

chemistry and QML algorithms) will be of 

paramount importance

Gain consensus on key scientific questions for 

quantum computing and HCLS. 

Establish a roadmap/perspective on key 

challenges over next 3-6 years

https://arxiv.org/abs/2307.05734
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High Energy Physics

Approaches to studying high energy physics problems with quantum

Goals

Deep dive look at the state of High Energy Physics 

challenges (from both experiment and theory)

Understand how quantum computing can boost 

the solution of open challenges in HEP

Demonstrate quantum advantage with near-term 

devises on relevant HEP problems

Catalyze new developments within HEP

https://arxiv.org/abs/2307.03236
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Optimization

Identifying the next steps for optimization

Goals

Engage with quantum & classical optimization 

communities

Identify and work on key questions to scale 

quantum optimization towards quantum 

advantage

Establish a set of benchmarks to track progress 

towards quantum advantage (in optimization 

and/or finance)

https://github.com/qiskit-community/
quantum-algorithms-benchmarks
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Optimization

Identifying the next steps for optimization

Goals

Engage with quantum & classical optimization 

communities

Identify and work on key questions to scale 

quantum optimization towards quantum 

advantage

Establish a set of benchmarks to track progress 

towards quantum advantage (in optimization 

and/or finance)

https://arxiv.org/abs/2312.02279
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Materials

Workflows for materials simulations

Goals

Identify key algorithms that make optimal use of 

quantum computing and HPC

Identify use cases in materials science for 

quantum/HPC algorithms  

How best to model materials with quantum 

computers?

Paper coming soon!!!
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Bringing together 
experts from classical + 
quantum + industry to 
identify the most 
pressing scientific 
challenges in the area 
today

Biological Sciences & Drug 
Discovery

High Energy Physics 

Anomaly detection
Lattice Gauge Theory
Sensing…

Optimization 

Image processing, Biomarkers – 
Omics technologies, Radiotherapy 
planning, Clinical trial optimization 
and design, Disease mechanism…

Materials properties
Dynamics of chemical systems
Ground and excited states…

Materials

Risk analysis
Portfolio Optimization
Transaction Settlement…

Coming in 2024:
Sustainability

hEps://airtable.com/appL9KALjjbTDaueh/shrmeubXExazSH9vv

Working group interest form:

https://airtable.com/appL9KALjjbTDaueh/shrmeubXExazSH9vv


Development Roadmap

Hardware

Innovation

Software

Innovation

Researchers

Quantum 
Physicist

Data Scientist

Run quantum circuits 

on the IBM Quantum Platform

Release multi-

dimensional 
roadmap publicly 

with initial aim 
focused on scaling

Enhancing quantum 

execution  speed by 
100x with Qiskit 

Runtime

Bring dynamic 

circuits to unlock 
more computations

Enhancing quantum 

execution speed by 
5x with quantum 

serverless and 
Execution modes

Improving quantum 

circuit quality and 
speed to allow 5K 

gates with 
parametric circuits

Enhancing quantum 

execution speed and 
parallelization with 

partitioning and 
quantum modularity

Improving quantum 

circuit quality to 
allow 7.5K gates

Improving quantum 

circuit quality to 
allow 10K gates

Improving quantum 

circuit quality to 
allow 15K gates

Improving quantum 

circuit quality to 
allow 100M gates

Beyond 2033, quantum-

centric supercomputers 
will include 1000’s of 

logical qubits unlocking 
the full power of 
quantum computing

Platform

Code assistant Functions General purpose 
QC libraries

Middleware

Quantum 
Serverless

Transpiler Service Resource
Management

Circuit Knitting x P Intelligent Orchestration Circuit libraries

Qiskit Runtime

QASM3 Dynamic circuits Execution Modes

Falcon

Benchmarking
27 qubits

Eagle

Benchmarking
127 qubits

Heron (5K)

Error Mitigation

5k gates
133 qubits

Classical modular

133x3 = 399 qubits

Flamingo (7.5K)

Error Mitigation

7.5k gates
156 qubits

Quantum modular

156x7 = 1092 qubits

Flamingo (10K)

Error Mitigation

10k gates
156 qubits

Quantum modular

156x7 = 1092 qubits

Flamingo (15K)

Error Mitigation

15k gates
156 qubits

Quantum modular

156x7 = 1092 qubits

Starling (100M)

Error correction

100M gates
200 qubits

Error corrected
modularity

Blue Jay (1B)

Error correction

1B gates
2000 qubits

Error corrected
modularity

Falcon

Demonstrate scaling 
with I/O routing with 
Bump bonds

Hummingbird Eagle

Demonstrate scaling 
with MLW and TSV

Osprey Condor Flamingo

Demonstrate scaling 
with modular connectors

StarlingKookaburra

Demonstrate scaling 
with nonlocal c-coupler

Cockatoo

Enabling  scaling with 
high density signal 
delivery 

Demonstrate scaling 
with multiplexing 
readout

Single system scaling 
and fridge capacity

Flamingo (5K)

Error Mitigation

5k gates
156 qubits

Quantum modular

156x7 = 1092 qubits

Heron

Architecture based on 
tunable-couplers

Crossbill

m- coupler

Demonstrate path to 
improved quality with 
logical communication 

Early

Canary
5 qubits

Albatross
16 qubits

Penguin
20 qubits

Prototype
53 qubits

IBM Quantum Experience

Mapping Collection Specific Libraries

Qiskit

Circuit and operator 
API with compilation 
to multiple targets

Application
modules

Modules for domain 
specific application 
and algorithm 
workflows

Qiskit 
Runtime

Performance and 
abstract through 
Primitives

Serverless

Demonstrate 
concepts of 
quantum centric-
supercomputing

AI enhanced 
quantum

Prototype 
demonstrations of AI  
enhanced circuit  
transpilation

Resource
management

System partitioning to 
enable parallel 
execution

Scalable circuit 
knitting

Circuit partitioning 
with classical 
reconstruction at HPC 
scale

Error correction 
decoder

Demonstration of a 
quantum system with 
real-time error 
correction decoder

Early

Canary
5 qubits

Albatross
16 qubits

Penguin
20 qubits

Prototype
53 qubits

IBM 
Quantum 
Experience

Demonstrate path to 
improved quality with 
logical memory 

2016–2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2033+

Innovation Roadmap

Executed by IBM

On target

Demonstrate path to 
improved quality  with 
logical gates 
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