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Quantum Computing in Mainz
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Quantum Computing in Mainz

Laser Interaction Zone

SWAP:

Presenter-Notizen
Präsentationsnotizen
Say that tabea talks about addressing, James talks about trap, talk about scalability due to the combination of shuttling and addressing 



Mainz, AG Schmidt-Kaler
www.quantenbit.de 

25.02.2026

6

Quantum Computing in Mainz

Laser Interaction Zone

Under Construction!
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Quantum Computing in Mainz

Multiple
Laser Interaction Zones

Under Construction!

Presenter-Notizen
Präsentationsnotizen
Say that tabea talks about addressing, James talks about trap, talk about scalability due to the combination of shuttling and addressing 



Mainz, AG Schmidt-Kaler
www.quantenbit.de 

25.02.2026

8

Trapped-Ion Quantum Computing

Architecture choices

2. Addressing + shuttling

- Number of processing zones

- Number of qubits in processing zones

1. Only shuttling

3. Dimensionality of the trap
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Compilation - Software Stack

High Level 
Stack

Low Level 
Stack
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Compilation – Software Stack

Goal: 

Get computer scientists 
involved!

Kreppel et al., “Quantum Circuit 
Compiler for a Shuttling-Based
Trapped-Ion Quantum Computer,” 
Quantum, vol. 7, p. 1176, 2023.

Presenter-Notizen
Präsentationsnotizen
Say that tabea talks about addressing, James talks about trap, talk about scalability due to the combination of shuttling and addressing 



Mainz, AG Schmidt-Kaler
www.quantenbit.de 

25.02.2026

12

Compilation

Goal: 

Get computer scientists 
involved!

Presenter-Notizen
Präsentationsnotizen
Say that tabea talks about addressing, James talks about trap, talk about scalability due to the combination of shuttling and addressing 



Mainz, AG Schmidt-Kaler
www.quantenbit.de 

25.02.2026

13

Compilation
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Compilation

First: Linear setups (JGU)

Then: Two-dimensional setups (TUM)

Mapping to native gate 
set and optimisation

Mapping qubits to ions 
and introducing swaps, 
shuttles, …

Shuttling optimisation 
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Compilation

First: Linear Setups (JGU)

Then: Two-Dimensional Setups (TUM)

Goal: Benchmark Architectures 
for different Circuits!

Mapping to native gate 
set and optimisation

Mapping qubits to ions 
and introducing swaps, 
shuttles, …

Shuttling optimisation 
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Red: 
idle qubits in 
storage zones

Green: 
active qubits in 
processing zones

Blue: 
idle qubits in 
processing zones

storage zone

processing zone

time

storage zone

storage zone

processing zone
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Measure of how well 
circuit can be 
executed on hardware
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Computational overhead: SWAPs

Performance Metrics:

1. Number of swaps: 
 
 Reduction of movement of each qubit

2. Number of timesteps that can be executed 
in parallel

 Optimal movement for all qubits
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Junction shuttles

Computational overhead: 

Schoenberger & Wille, Orchestrating Multi-
Zone Shuttling in Trapped-Ion Quantum 
Computers, arXiv:2505.07928 (2025).

only global beams
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Performance metrics:

1. Number of junction shuttles: 
 
 Reduction of movement of each qubit

2. Number of timesteps that can be executed 
in parallel

 Optimal movement for all qubits

Challenge: 
 

Compare 1D- to 2D metrics

Schoenberger & Wille, Orchestrating Multi-
Zone Shuttling in Trapped-Ion Quantum 
Computers, arXiv:2505.07928 (2025).

Presenter-Notizen
Präsentationsnotizen
bigger



Mainz, AG Schmidt-Kaler
www.quantenbit.de 

Case Studies

Presenter-Notizen
Präsentationsnotizen
Make title smaller 



Mainz, AG Schmidt-Kaler
www.quantenbit.de 

Case Studies

25.02.2026

25

vary grid size

Setup 2

Setup 3

Setup 1 Setup 4

1. Scaling of computational overhead with system 
size:
 Variation of #qubits in processing zones
 Variation of #processing zones 
 Variation of trap dimension (1D vs. 2D)
 Using random circuits
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Setup 2

Setup 3

Setup 1 Setup 4

1. Scaling of computational overhead with system 
size:
 Variation of #qubits in processing zones
 Variation of #processing zones 
 Variation of trap dimension (1D vs. 2D)
 Using random circuits

2. Comparison using logical teleportation 
circuit (structured circuit):
 1D:
 Variation of #processing zones 
 Variation of #qubits in processing zones

 2D:
 Variation of #processing zones
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#processing zones

Capacity processing 
zones
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#processing zonesCapacity processing 
zones
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Performance metric
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#pz: 2, #qb: 2
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Two-Dimensional Setup allows for more parallelity
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Comparable number of Junction Moves (2D) and SWAPs (1D)

Poor Comparability between metrics
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Comparable number of Junction Moves (2D) and SWAPs (1D)

Poor Comparability between metrics

Structured Circuit yields lower cost for both 1D and 2D
for most setups
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Summary
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Goal: Connect computer scientists with trapped-ion 
quantum computing experts

• Trapped-ion quantum computing introduction

• Compilation for trapped-ion quantum computing

• Shuttling optimisation

• Two compilers: One- and two-dimensional

• Scaling of cost metric for different architectures and 
different types of circuits

• Allows benchmarking architecture design without having to
physically build them
 Consider benchmarks in the building process
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