Reply (by Alain, Taha and Jan) to the email sent by Marcel Merk on February 27, 2026
Date: March 6, 2026
Dear Marcel,
Thanks a lot for your mail.
Please find our response here. We are looking forward to discussing with you and your team.
Best regards,
Alain, Taha and Jan

Thanks Alain, Jan,

The work of Alain is very impressive and progress is great. I look forward to discuss further how to proceed.
At the same time I would like to make sure that we are on the same line concerning the scope of the project.
Let me try to explain what I mean, to make sure there is no misunderstanding between us.

The current track reconstruction in LHCb works at 40 MHz event rate with order ~400 GPU's.
This means that at the moment the event processing time is about ~1 micro-second for an event with few hundred tracks.
Our current implementations of a quantum algorithm, even in a hybrid workflow, does not even come close to be competitive. The idea, instead, is to see whether we can work towards an implementation in the long run (~2035) that can do so.

Reply: We fully agree with the statement that the current implementation does not even come close to be competitive. In fact we have serious doubts about the potential of the current algorithm approaches based on our current understanding.
A planning horizon of 10 years is very long indeed. The challenge is the required performance and the extreme data rate. It requires a combination of software complexity analysis and a wide look at many different technology developments with different roadmaps: quantum computing (QPU’s), classical computing (CPU’s), GPU’s, in memory computing i.e. neuromorphic computing, I/O, storage, networking etc.
By 2029 or 2030 there wil be a few vendors that will have first versions of commercially available FTQC’s (Fault Tolerant Quantum Computers). Afterwards a lot of new developments will happen aimed at scaling up in particular. However there are still many unkown unkowns…   




What is needed to get there, in my view, are the following steps:
1) As preprocessing, find a way to efficiently load the input from the raw event hardware data into a quantum circuit, 
Reply: agree, however the very limited I/O capability is perhaps the weakest aspect of the current quantum computers. Maybe the better approach is to avoid data loading, let’s discuss.

2) In the quantum algorithm, process many events in parallel, since the latency of the quantum system will be relatively slow,
Reply: this requires  a fundamental analysis of the complexity of the problem, with different advanced concepts to develop the best/optimum quantum circuit. Perhaps the concept of interference has a hidden potential. Perhaps the use of analog quantum computing should be investigated possibly in combination with digital quantum computing.

3) Add a quantum processing step to the current output step, since scanning the final state for track segments will require very large repetition shots, and hence become much too slow. Perhaps go directly to vertexing inside the quantum circuit could be an option? In any case we should search a solution avoiding many shots.
Reply: to be discussed, first things first, step 1 and step 2…

Currently, we have been focussing to see whether a quantum algorithm can potentially contribute in the long run. Since we only use few qubits in the HHL, step 2) above may turn out conceivable. Step 1) and 3) require further thinking.
Reply: maybe the 1-bit HHL is not the best approach, although in itself it is a very interesting find/scientific invention! Given the 10 year horizon we need to look at different configurations like hybrid quantum/classical etc. E.g. the clustering could be done classically and the decloning could be done in a quantum way.

Alain's studies with preprocessing (sorting in angle) and postprocessing (vertex compatibility) are interesting indeed, as they show how our algorithm is currently operating on densely events.
Reply: to be discussed.
For a final algorithm, we would ideally have to find a way to load the data efficiently in hardware.  However, for the moment, we can consider the preprocessing an issue to be solved in future and proceed with sorting.
Reply: to be discussed.

What is more problematic is the postprocessing, in particular to have many shots of the quantum circuit.
Reply: Agree, to be discussed.
 

Testing for compatibility of segments with the beam line is very powerful, but for the final algorithm this should not use too many candidates as that will be heavy on CPU processing. So, for example energy consumption studies are interesting for understanding, but a many-shot solution cannot be the final answer.
Reply: to be discussed.
In short, I wanted to convey a message that in our thinking a potential QC implementation is aimed at a timescale of ~10 years from now and that our current efforts are R&D to see whether QC could be a step in a hybrid workflow.
Reply: Agree, well understood. We need in depth study of the complexity of the problem. We need a wider view of different technology roadmaps.
 

But let us discuss further as the studies are very interesting!

Cheers,
- Marcel
