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1. Magnetic field simulation

In order to optimize the position of the cylindrical magnet, we performed a simulation using
the expression derived in (), and using the magnetization given by the dipole approximation
as the magnetization in the axis of the magnet.
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Figure 1S: Simulated and measured magnetic field on the cylindrical magnet axis.
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2. X band EPR for the copper complex

We validated our findings by performing a traditional EPR measurement in our sample.

Standard EPR spectrum CuSO4 (100 mM)
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Figure 2S: EPR spectrum of the CuSO4 sample.



3. Magnetic field visualization
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Figure 3S: Microwave photoluminescence response along the diagonal axis (one pixel width) as a function of the microwave
frequency
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Figure 4S: Magnetic field maps. The values of the magnetic field results from the Lorentzian fit of the microwave response
spectrum. Thus, the magnetic field value is the projection of the local magnetic field on the aligned NV-centre direction.



4. Spin relaxation contrast

We also present the average over the whole relaxometry images as a function of the
magnet position.
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Figure 5S: Microwave-free electron paramagnetic resonance spectroscopy. Surface average T1-relaxation curves in nitric
acid solution (1 mM), blue curves, and nitric acid-copper sulfate solution (100 mM CuSO4 dissolved in 1 mM HNO3), red
curves at decreasing distances magnet/diamond, i.e. increasing magnetic fields (A). T1-relaxation curves off and on
resonance: 35 mm-110 G (left) and 18.1 mm-460 G (right).



5. Subsampled acquisitions

EPR spectra reconstructed from small subset of the entire acquisition. Chosing only two
darktimes (t; = 1 and 7; = 3 ms such that T; = 4 ms) but keeping all the sequences Ny¢q =
10, or even considering only the first sequence (N4 = 1). This diminishes the acquisition
times T, from 31 minutes to 1.6 min and 10 s for each position of the magnet. Figure 6
shows the resulting spectra corresponding to the three situations.

We note that the resonant peak at ~460 G is present in all three spectra. Yet, as expected,
we observe a cleaner spectrum when using the complete set of darktimes.
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Figure 6S: Electron paramagnetic spectroscopy using subset of the acquired data. (A) EPR spectrum calculated using PL
images at two dark times (1 and 3 ms) T, = 4ms and only one single repeat (Ng.q = 1), (B) using PL images at two dark
times (1 and 3 ms) and Ns.q = 10, and (C) using the entire dataset. (50 dark times for a total of Ttq,, = 75 ms in total)
andNs., = 10. Estimated acquisition times are indicated for a single position of the magnet. (The shown range corresponds
to 11 different position out of the 13 acquired.



6. Apparent coherence time
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Figure 7S: Ramsey fringes at 1.75GHz
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