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Intro to the workshop
Michele



What is QCT?

A software application designed to calibrate our QPUs with QBlox electronics

It exploits the latest version of electronic firmware to maximise performance and 
functionalities. This also simplify and extends support from QBlox

Built on top of Tergite, Bragi and years of experience, we designed it with both 
production and research in mind

The toolkit includes a Claude-powered UI, which simplify (re)-analysis and data 
display

The goal of the workshop is to give you an introduction and will serve as an entry 
point for future users



Motivation for V2 of calibration

QBlox moved away from quantify, thus requiring us to rewrite all our schedules

Tergite was not flexible enough for calibrating the QPU, Bragi was introduced but 
developing two packages was not ideal

It was also very production oriented, not easy for physicists to use for new experiments

Difficult to create new experiments and have fine control of parameters

Initial design choices resulted in bottlenecks (nobody to blame, many large software 
projects hit this problem in v1)

Opportunity to unify all our calibration efforts: Tergite, Bragi, Quantify Pingu, etc.



Schedule of the day



Toolkit architecture
Matteo & Axel



Matteo & Axel

1. xmind description of the code
2. monorepo idea and dependencies
3. documentation and documentation preview
4. testing and coverage (83%, impressive)
5. heimdall preview
6. dataflow overview: no more redis bonded. Saga is the single source of truth
7. Introduction to the idea of calibration context (sessions). The session is a 

very flexible concept that can be used and read in many different ways and 
remains an open area of architectural research.

8. QCT as a programmatic language: you can surf on the surface or delve deep 
(vibe calibration mode or opening the black box) 



High-level overview
➔ We created a monorepository containing a few packages.
➔ Each package is responsible of very precise set of tasks.
➔ We have common CI and versioning.
➔ Each package can be installed independently.
➔ Integration tests are shared, unit tests are specific
➔ Members of the team can contribute on part of the code
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Software meeting 🚨



Maintenance, interactive docs (together)

This opens the updated 
documentation, which will be 

rendered once this MR is merged



Heimdall: re-analysis and visualization tool
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Workflow #1 
Preparation



Workflow #2 
Execution



Workflow #3 
Visualization



Using the Calibration Orchestrator



Using the Calibration Orchestrator



Nodes
Axel







Example: Multi-state TOF

(Thank you Emil for the plot)



Example: Single shot measurement readout opt.



Samplespaces

● Inner variables can be put 
in Q1ASM registers.

● Outer variables require 
schedule building.

● External variables by 
definition just repeat the 
schedule, they sweep 
something else entirely.



Node variants



Example: Ramsey correction variants



Joel

1. My first standalone experiment 
2. Custom parameters for one node
3. Re-analysis on Heimdall
4. Sweep of a node multiple times (keeping the initial state unchanged, look into 

contexts)
5. Unfolding a 1q bringup chain: stress that this can be implemented in so many 

ways → This will easily be extended creating a clickable tool from Heimdall 
(maybe)

6. A couple of words on the 2q bringup 



Calibration chains
Joel



Schedule your own measurements 

•We have gotten some insight into what kinds of nodes there are 😄 
•How does one run any measurement?
•In this demo I will show

•How can you run a single measurement?
•How can you rerun a series of measurements using the same node?
•How does a calibration schedule look like?



Normal T1
Measurement



I don’t want a normal T1 

•If you want to change some parameters for experiment, you can do it directly in your code





Testing different 
parameters for the 
same measurement 

-Different node parameters
-Testing different attenuations
-Etc.



I don’t believe in magic

You can do it yourself



Custom parameters



Bring-up scripts
Single qubit calibration works



Bring-up scripts

Two qubit calibration

Work in progress. One bug at a time



Quantum random numbers
Yanchen



Yanchen

1. RANDOM MAGIC YEE



Quantum Random Number Game

- Quantum computers are good at generating true random numbers;
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Quantum Random Number Game

- Quantum computers are good at generating true random numbers;
- There are some quantum computers at QC2;
- There is a random number based game people like to play;

- Why not make a similar game enabled by quantum random numbers?



Quantum Random Number Game

- A QRNG node within the calibration framework.
- “QRNGNode” that resets a qubit, drives the qubit to superposition, and measures.
- Randomness metrics (debiased bit):

- 0/1 ratio: 9951/10049 (ideally 1:1)
- debiasing_efficiency: 0.2487 (ideally 0.25)
- …

- A simple HTTP server exposing raw QRNG readout bits
- A website hosting the game

- Gets the raw bits;
- Debiases the raw bits using Von Neumann debiasing;
- Turn debiased bits to numbers;
- Run rules to get final score (more special numbers get higher scores);
- Compete on leaderboard!



Welcome to the game



Future directions
Matteo



Near-term goals: open issues 
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➔ We want to run benchmarks, research algorithms, high 

level error correction and mitigation schemes.
➔ We are agnostic w.r.t. chosen language or fronted
➔ Hermod can take care of this conversion.
➔ Prototype is running.
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Towards a quantum OS
➔ Data sharing 
➔ Access to diagnostic data from fridge and electronics in 

real-time
➔ Job scheduling and managing
➔ Heimdall will have to load from and save to databases



Much more is coming (mentioned and new)

1. 90+ work items open on GitLab
2. Quantum circuit execution via Hermod / frontend
3. Defining requirements between nodes introducing optimizers 
4. Little mono-repo restructuring: is everything in the right place? E.g. models. 
5. Adopting more advanced measurements solutions (see Qblox’s workshop)
6. Boosting 2QG calibration: lightening of the working points exploration
7. Improving the visualization tools: Heimdall can get even better
8. Towards a quantum OS: testing JuiceOS? Grafana? Common database?
9. Job managing and scheduling?

10. Toward QEC studies, what is missing?



New ideas and priorities

1. Simulation (emulation) of the system evolution: typically 1-2 qubits and one coupler 
involved: a proper package in the monorepo can emulate the output of the current nodes

2. Extending the database list: currently Redis, next Snapshots (json or yaml), others.
3. Improve tools to characterize noise and integrate noise mitigation and correction routines
4. ACCESS and LICENSING: waiting for a feedback to understand how to match teacher 

exemption and open-source
5. Integrating new SPI rack handling
6. Implementation of logical qubits (API)
7. We need to prepare the hardware to support higher-level QEC routines (feedback loops, 

etc)
8. Demonstrate QCT by keeping quantum memory over time
9. Real time error mitigation on board



Publication strategy
Michele



Publication strategy: Journal

Which journal? A few options:

● Quantum
● Quantum Science and Technology 
● PRX Quantum
● EPJ-C



Publication strategy: Author list

Inclusive or restricted?

Most inclusive (preferred solution): 

● anyone that contributed to the code (including Tergite-autocalibration), 
● the managers of the sw team 
● the PIs that secured the funding. 
● People can opt out.

Possible restrictions (for discussion only, not endorsed):

● Set a threshold on contribution quantity and quality
● Set a time limit on contribution and on association to the group
● Only direct contributions to QCT

Association:

Double association for those at CNL that contributed before moving there.



Publication strategy: order and editors

Alphabetic order for everyone with first authors for main contributors and last 
position for PIs

Long paper, cannot be written by a single person but someone (Matteo?) need to 
be in charge for coordinating and uniforming the writing. Recurring meetings to 
ensure it is done 


