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Scalability and Universality of Quantum Benchmarks

Chloe Ai, C12 Quantum Electronics

Perspectives from C12



We are transforming carbon 
nanotubes into "Quantum 

transistors" 



 Founded in 2020

 Paris-based quantum hardware    
startup

 Spin-off Ecole Normale Supérieure in 
Paris

 55+ employees

 8+ patents

 Pilot production line in Paris

 First application-specific chips for 
quantum chemistry in development



C12, a unique approach to build a 
universal quantum processor 

• Lowest charge noise 
• Isotopic purity
• Longest 1Q coherence 

times* 

Ultra-clean material 

DEMONSTRATED 

High Connectivity

At large scale

• Long-distance 2Q gate > 
99.9%

• Efficient error correction 

• Foundry process

FOCUS

DEMONSTRATED 



Our vision

We need
high-quality qubits

And errors come from
defects in qubit material



• Ultra-pure carbon nanotube, connected between 
electrical contacts, is suspended above an array of 
gate electrodes

• Gate electrodes manipulate a single electron 
within a double quantum dot

• Local magnetic field entangles the electronic spin 
with the charge dipole in the double quantum dot

• This spin qubit is addressed via microwave pulses

C12’s qubit is a spin qubit 
hosted in a single carbon 
nanotube

T. Cubaynes et al. NPJ, 2019, F. Borjans et al, Nature, 2020, P. Harvey-Collard, 2021



Breakthrough in material science

Carbon nanotubes as an ultra-pure 
hosting material for the spin

Ultra-clean 1D material: highly tunable system for fast 
control of the spins with reduced decoherence channels 

J. Waissman et al. Nature Nano, 2013

Building a quantum computer 
still needs technological 
breakthroughs 

Breakthrough in manufacturing

Patented fabrication process based on the 
nano-assembly of carbon nanotubes on a 
silicon chip
Method and device for depositing a nano-object, US Patent 
App. 17/285,369, 2021 

T. Cubaynes et al, Appl. Phys. Lett. (2020)

Breakthrough in quantum computing 
architecture
Quantum processors based on spin qubits 
coupled through a quantum bus

Long range coupling of individual spins, isolated yet 
addressable

T. Cubaynes et al. NPJ, 2019, F. Borjans et al, Nature, 2020, 
P. Harvey-Collard, 2021



A functional production
line inside C12’s
quantum foundry



Inside C12’s quantum foundry

Nanofabrication

• High throughput
• Quality check

CNT Nano-assembly

CNT Growth CNT Characterization
• Localized 

deposition
• Stable growth

• Optical characterization to 
select single tubes vs 
bundles

• In situ electrical detection

• Wafer-scale fabrication
• Magnetic gate (2nd generation)
• Patent for 3rd generation



• Semiconductor integration 
enables small qubit and high 
qubit density

• Qubit pre-selection ensures 
quality

• High qubit density, connectivity 
and quality → efficient quantum 
error correction

Scalable for universal 
quantum computing



We need scalable and universal benchmarks as guide 
to improve hardware development for achieving 
practical quantum advantage 



Various quantum benchmarks

https://quantumbenchmarkzoo.org/



Lall et al, A Review and Collection of Metrics and Benchmarks for 
Quantum Computers- definitions, methodologies and software, 2025



Application-level benchmarks

Several protocols dedicated to several 
promising problems

● Combinatorial optimisation, e.g. 
Q-Score

● Quantum chemistry simulation e.g. 
McCaskey2019*

● Learning problem, e.g. qBAS-Score

Current status

*A.McCaskey et al, Quantum Chemistry as a Benchmark for
Near-Term Quantum Computers. npj Quantum Information,
5(1):1–10, 2019.



Application-level benchmarks

Execution quality metrics

● Quantum Approximate Optimisation 
Algorithm (QAOA) metric

● Variational Quantum Eigensolver 
metric

● 1D Fermi-Hubbard model simulation 
metric

Current status



Application-level benchmarks

Execution quality metrics

● Quantum Approximate Optimisation 
Algorithm (QAOA) metric

● Variational Quantum Eigensolver 
metric

● 1D Fermi-Hubbard model simulation 
metric

Current status

Variational quantum 
algorithms on NISQ 
devices 



Application-level benchmarks : Observations 

➢ These benchmarks depend on the chosen metrics and the chosen algorithm 
for a particular problem. 

➢ So both metric and algorithm have important impact on the performance of 
benchmarking of quantum devices. 

Representativity: is the problem chosen representative of testing the 
applicability of quantum computing for practical application in the domain? 

Expressivity: is the execution quality metric expressive for measuring the 
performance of the quantum device? 

                         Questions :  



Application-level benchmarks : bitter fact

No industrially-relevant and practically-useful problem has been 
identified. 

We only have a few domains in which quantum computing is believed 
to be available to provide computational advantage/usefulness. 



Application-level benchmarks : bitter fact

No industrially-relevant and practically-useful problem has been 
identified. 

We only have a few domains in which quantum computing is believed 
to be available to provide computational advantage/usefulness. 

Encoding challenges: For practical applications, we need efficient 
encoding of problems into quantum computing framework, 
especially for NISQ era. 



Application-level benchmarks : bitter fact

No industrially-relevant and practically-useful problem has been 
identified. 

We only have a few domains in which quantum computing is believed 
to be available to provide computational advantage/usefulness. 

        Belief RealityV.S.



  Execution quality metrics 
              - Impact of  algorithms

Limitation of Variational Quantum 
Algorithms  on NISQ 

● Trainability issue 

● Expressivity of the chosen ansatz 

● Scalability of VQA 

Scalability of these metrics ??
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Benchmarks based on QFT 
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Benchmarks based on QFT 

?
Transition



Potential proposal for the transition  

"Algorithmic fault-tolerance" 

Can we base on fast and reliable logical 
operation to design an application-oriented 
benchmark ?  



Conclusion

chloe.ai@c12qe.com

Need to identify representative 
problems for designing 
application-oriented benchmarks 

Need to define universally-applicable 
metrics based on scalable quantum 
algorithms 

Need to prepare the transition from 
NISQ to Fault-tolerant era 

We need good benchmarks as guide to 
achieve  practical quantum advantage: 



Unique at Scale


