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Electronic and nuclear spins around point defects are important building 
blocks of devices of quantum communication, quantum sensing, and quantum 
computing. We introduce Simphony, our python package we have developed 
to simulate quantum dynamics of such point-defect spin ensembles. Our goal 
with Simphony is to enable resource-efficient simulation with a short, simple, 
high-level python code. Using Simphony, the user’s code and the input data is 
a short description of the setup (multi-spin configuration, noise model, static 
and dynamic control parameters). The computed output includes, e.g., the 
time-dependent wave function or density matrix, or the properties of the 
logical gate created by the pulse sequence (gate fidelity, process matrix, etc). 
Furthermore, Simphony supports GPU acceleration, enables the simulation of 
a collection of interacting point defects, and allows the definition of general 
point defects, beyond the NV-center paradigm. Simphony enables simple, 
efficient, and noise-aware design and optimisation of pulse sequences for 

various applications in quantum communication, sensing, and computing.
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  Abstract

AI4QT project 

simulating pulses → native gates → compiling circuits to central-spin register 

Dependency diagram 

Input-output 

Roadmap 

• Integration of 13C hyperfine database 
• Integration of point-defect Hamiltonians beyond NV centers 
• Scalable registers of coupled NV centers 
• Lindblad-type noise models 
• Non-Markovian system-bath interaction 
• Photophysics dynamics: initialisation and readout

  What Simphony does

Multi-spin setup 

Conventional NMR (noiseless) 

Conventional NMR: noise-induced fidelity reduction 

DDRF pulse is robust against noise

  Example: DDRF pulse as a noise-resilient gate
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Average gate fidelity: 
99.87%
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