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Trapped ion quantum computing at the Quantum Computing Hub
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33 Ca+ (supports up to 50 physical qubits)

Autonomous runs + remote operation

Room temperature
3D trap

Cryogenic
2D chip trap

Integrated 
photonics
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Quantum Computing

Richard Feynman
1982
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Superconductivity

Nitrogen fixation

Peter Shor
1994
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Prime factoring of large integers

2019 2023

Vying for quantum advantage

Hype



Trapped ionsSuperconducting circuits

Made by humans Taken from nature
33 ion qubits17 SC qubits

273.14 C)

0.

How to build a quantum computer for qu(antum ) bits.

Modified from Science354, 1090 (2016) 

Synthetic QubitsSynthetic Qubits Natural QubitsNatural Qubits



Error corrected quantum computers

2025 estimate 
PQ:LQ Ą 3720 : 1
(currently @105 

qubits)

Boolean logic...

Acceptable CMOS gate input Acceptable CMOS gate output
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Quantum 
information...
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Trapped ion quantum computer

Illustration: Rainer Blatt

+ Ion trap+ Laser(s)Encoding

Cooling & 
detection

Coherent 
control

Repumping

D5/2

D3/2

P3/2

P1/2

S1/2

729nm

854nm

397nm

866nm

Laser(s)
g

e
Qubit

(spin)

Camera

Result



08.07.2025Paul Scherrer Institute PSI9

Integrated photonics



Motivation: key element for scaling quantum computers

Barralet al. arXiv:2404.01265

The cabling for 56 superconducting qubits 1000s of laser beams in an ion trap

Miniaturized opto-electrical 
circuits

Kielpinski et al, Nature 417 709 (2002).

Quantum photonic stack

PsiQuantumTeam, https://arxiv.org/pdf/2404.17570



Two ways to scale up ions

Monroe et al. Phys. Rev. A89, 022317 (2014).
Q(uantum)CCD

Kielpinski et al, Nature 417 709(2002).
Photonic interconnects

https://www.youtube.com/watch?v=UT3ev9OgkmY
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Status

K. K. Mehta, C. Zhang, M. Malinowski, T.-L. 
Nguyen, M. Stadler, and J. P. Home, Nature 
586, 533-537 (2020).
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Active devices



Ca+
Å Wavelength: 375 т 866 nm 
Å Power: 10 µW т 10 mW
Å Target ER: >> 60 dB 
Å Bandwidth: 10 -  100 MHz*

08.07.2025

Ion trap specifications

John Chiaverini and Karan K. Mehta in:
Moody, G. et al.2022 Roadmap on integrated quantum 
photonics. J Phys Photonics4, 012501 (2022). C. Hempel,Digital quantum simulation, Schrödinger cat state 

spectroscopy and setting up a linear ion trap, PhD thesis(2014)
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Active components

Signal control : Intensity, frequency and phase tuning. 

Optical Nanomaterials Group @ ETH Zürich (G. Finco, F. 

Kaufmann, J. Kellner, R. Grange)

CSEM
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Integrated optical modulators

Optical phase shift:
 

Electro -optic effect , i.e. refractive index 
changes due to material polarization 
under electric field

ɝɮ ϳς“‗ ɝὲ ὼ

Intensity control:

 Interference
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Wang, C.et al. Integrated lithium niobate electro-optic modulators operating at CMOS-
compatible voltages.Nature562, 101�t104 (2018).https://doi.org/10.1038/s41586-018-0551-y


