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Coherent Two-Qubit Control in Industrial Si/SiGe
Spin Qubits

Viktor Adam1 and Wolfgang Wernsdorfer1

1IQMT (KIT), Karlsruhe, Germany

This talk demonstrates coherent single- and two-qubit operations using Si/SiGe spin
qubit devices fabricated by imec (Interuniversity Microelectronics Centre) entirely in an
industrial fabrication line, including monolithic integration of cobalt micromagnets for
spin control. Two individual qubits were formed and coherently driven in the MHz range,
exhibiting Ramsey coherence times exceeding 1 µs, and Hahn-echo times of up to
79 µs, primarily limited by nuclear spin noise from naturally abundant 29Si isotopes.
These values confirm robust coherence in an industrial platform, with differences in
between both qubits attributed to spatial proximity to decoherence sources. Two-qubit
logic was realized by inducing exchange coupling in a double quantum dot, achieving
interaction strengths of up to 20 MHz. Conditional resonance shifts under finite
coupling confirmed coherent spin-spin interactions and enabled implementation of the
conditional rotation (CROT) gate. Coherent two-qubit dynamics were observed in both
time and frequency domains, validating functional entangling operations. These results
validate that industrially fabricated Si-based spin qubits can meet the stringent
requirements for coherent multi-qubit operation, supporting silicon spin qubits as a
viable architecture for universal quantum computation.



Birth, Life, and Death of Bound Electron-Pair States in a Two-Dimensional

Electron Gas

G. Barinovs, A. Buzs, V. Kashcheyevs

Department of Physics, University of Latvia, Riga, LV-1004, Latvia

Two-electron pair states in a free two-dimensional electron gas remain stable in the

presence of a transverse magnetic field. An external confining electric potential at an

edge or at a quantum point contact not only modifies the pair energies but also trig-

gers pair breakup. We present a theoretical model that captures the effect of external

perturbations on the energies and stability of electron-pair states, and we numerically

calculate the corresponding pair wave functions. The theoretical description is based

on perturbation theory and WKB approximation, and the approximations are validated

using complex scaling of coordinates and time evolution with the split-step propaga-

tor method. Our analysis indicates that, for typical two-dimensional devices, magnetic

fields are strong enough for two-electron pairs to form and survive over experimentally

relevant timescales. We demonstrate in a time-dependent wave-packet calculation the

creation and decay of a bound two-electron pair during a collision of two electrons at

a saddle-point potential in a Hong–Ou–Mandel interferometer setup. We show and ex-

plain how, both during wave-packet evolution and in the bound two-electron pair state,

the probability density in the inter-electronic coordinate is governed and dominated by

its zeros.

Probability density shown by white contour lines on a logarithmic scale and wave-function

phase encoded by colour, dominated by zeros for a decaying electron pair state at an edge, as

a function of inter-electron relative coordinate r scaled by magnetic length l.
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Microwave-Free Detection and Imaging of magnetic 
nanostructures using fluorescent nanodiamond 

 

Mona Jani1, Reinis Lazda1, Maria Paz Camposano Moore2,3, Eva Grauda1, 
Alise Cirse1, Omkar Dhungel2,3, Anna Ermakova4, Dmitry Budker2,3, Marcis 

Auzins1  
1Laser Center, University of Latvia, Jelgavas iela 3, LV-1004, Riga, Latvia 

2Helmholtz-Institut Mainz, GSI Helmholtz zentrum f¿r Schwerionenforschung GmbH, 
55128 Mainz, Germany 

3Johannes Gutenberg-Universitªt Mainz, 55128 Mainz, Germany 
4Physics Department, Hasselt University, Weyenschapspark 1, 3590 Diepenbeek, 

Belgium 
 

Zero-field cross-relaxation (ZFCR) features of nitrogen-vacancy (NV) centers in diamond 
enable microwave-free magnetic detection and imaging, which is particularly 
advantageous for bio-related applications [1]. Further, fluorescent nanodiamonds 
(FNDs) hosting NV centers are non-toxic and biocompatible, making them well-suited for 
such studies. In this work, using the ZFCR feature of NVs and a home-built optical 
setup, we observe a characteristic drop in photoluminescence near zero external 
magnetic field for FNDs. When magnetic nanostructures, such as iron oxide 
nanoparticles and magnetic pigments in music recording tapes, are placed in close 
proximity to the FND surface, pronounced variations in cross-relaxation magnetic shifts, 
contrast, and linewidths are observed compared to FNDs alone. These variations enable 
the detection and spatially resolved magnetic field mapping of magnetic nanostuctures 
without microwave excitation or external bias fields, unlike conventional ODMR 
techniques [2]. Providing a promising platform for quantum sensing and imaging in 
complex and biologically relevant environments where conventional microwave-driven 
techniques are disruptive. 

References 
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