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R&D: LHCb Velo detector
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Method: “Global” algorithm for track finding
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Method: “Global” algorithm for track finding
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6 Quantum Tracking: Classically

Method: “Global” algorithm for track finding
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The Quantum Algorithm: Harrow-Hassadim-Lloyd
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Resource Complexity
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The 1-Bit Quantum Filter

State 
Preparation

Phase 
Estimation

Controlled 
Inversion

MeasurementUncomputation



11 Quantum Tracking: The Spectral Filter
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Matrix Decomposition
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Time Evolution
e.g Suzuki Trotter
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Direct Structural Synthesis 𝑒*+.-
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17 Quantum Tracking: Emulator Results 

Testing Realistic Events



18 Quantum Tracking: Hardware

Trapped Ions (Quantinuum) Superconducting (IBM)

[3] [4]
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Testing Theoretical Complexity Fit 

Asymptotic analysis value = 𝒪 𝑁 𝐿𝑜𝑔(𝑁)

https://arxiv.org/abs/2601.07766 [5]

https://arxiv.org/abs/2601.07766


20 Quantum Tracking: Emulator Results 

Testing Solution Fidelity



Next Steps



22 Quantum Tracking: Next Steps

1. Upgrade The 1-Bit Quantum Filter

2. Extract Dense Physics Observables
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1. Upgrade The 1-Bit Quantum Filter

2. Extract Dense Physics Observables
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Upgrading the 1-Bit Quantum Filter

Current 
Hardware

HL-LHC

QPU Qubit Count

Quantinuum System Model 
H2

56

IBM Heron R3 Pittsburgh 156
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Qubit Fanout
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Parallelizing Phase Estimation via Qubit Fan-Out
(Quantum SIMD)

No Cloning Theorem: Prevents creating 
independent copies of an unknown clock state

Copies of:
GHZ:

Fan-Out: Use extrac ancilla quibts to create a 
fully entangled control state



27 Quantum Tracking: Fan-Out

Exploiting Subspace Commutativity

1-Bit Quantum Filter Circuit

Decomposed Depth:
14 gates
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Exploiting Subspace Commutativity

1-Bit Quantum Filter Circuit Fan-Out Circuit

Decomposed Depth:
14 gates

Decomposed Depth:
10 gates
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Issues with Non-Commutativity

1-Bit Quantum Filter Circuit

Average Grouping 
Complexity 𝒪(𝑘)
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Issues with Non-Commutativity

1-Bit Quantum Filter Circuit Fan-Out Circuit
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Tracking 
with Fan-Out



Thank You



33 Quantum Tracking: Success Probability
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35 Quantum Tracking: Fan-Out

Uncomputation 
via Mid-Circuit Measurments

Fan-Out Circuit

Fan-Out Circuit with Mid-Circuit Measurements
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Uncomputation 
via Mid-Circuit Measurments
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Uncomputation 
via Mid-Circuit 
Measurments
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The Spectral Filter
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QPE BIN



39 Quantum Tracking: Emulator Results 

Hellinger Fidelity
Signal Seperation Index
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Vertex 2

Vertex 1

Post-processing: Vertex 
Reconstruction

Extrapolate all segments to the beam line for 
direct Vertex finding via Hough Transform
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Vertex finding precision

Exact Tracks Found Segments

Vertex-1 Vertex-2 Vertex-1 Vertex-2
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Vertex precision with fraction of segments

Distribution of precision of the 
extrapolated vertex point

Mean Average Distance (MAD) of recontructed vertex 
versus the fraction of segments obtained in readout

Requiring only fraction (~50%) of all states à strong reduction of number of readouts

Link

https://arxiv.org/abs/2511.11458

https://www.epj-conferences.org/articles/epjconf/abs/2025/22/epjconf_chep2025_01181/epjconf_chep2025_01181.html
https://arxiv.org/abs/2511.11458
https://arxiv.org/abs/2511.11458
https://arxiv.org/abs/2511.11458
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Readout issue: 1-bit QPE
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