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2 NV magnetic imaging applications
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3 I Photon shot noise limit

NV magnetic noise floor: AB — r (smaller is better)

Examples of other noise contributions:
0 Fluorescence intensity technical noise
0 Dark current noise
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4 Tactics for improved photon shot noise

1. Boost the photon collection
High-NA collection optics

Side collection

0 Optical. waveguides

0 Total internal reflection
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5 Tactics for improved photon shot noise

1. Boost the photon collection
High-NA collection optics

Side collection

0 Optical. waveguides

0 Total internal. reflection

2. Circumvent fluorescence collection
Infrared absorption
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6 Tactics for improved photon shot noise

1. Boost the photon collection
High-NA collection optics

Side collection

0 Optical. waveguides

0 Total internal. reflection
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3. Limitations
Diminishing returns (thermal. management, 0/71, scaling)

Hardware constraints (intensity noise, bit quantization noise, optical. saturation)

Many schemes incompatible with imaging
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7 I Tactics for improved linewidth & contrast

1. Limitations
O Magnetic defects (13C, P1, ...)

O Strain Et electric field inhomogeneity

O NV- / NV° charge-state ratio
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8 I Tactics for improved linewidth & contrast

2. Approaches
O Optimized diamond growth Et NV formation
O Overlap all NV orientations for -4x more contrast
(but -\/x weaker response)

O NV nuclear polarization; probe each hyperfine line

• Spin bath driving 1420 1425

M. Steiner et aL, PRB 81 035205 (2010
E. Bauch et aL, PRX 8, 031025 (2018)
J. F. Barry et aL, PNAS 113 49 (2016)
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9 Tactics for improved magnetic response

1. 'Double-quantum' magnetometry AB —

2. Magnetic flux concentrators

E. Bauch et aL, PRX 8, 031025 (2018)
I. Fescenko et aL, arXiv:1911.05070 (2019)
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10 How do we optimize an NV magnetic imager?

Diamond prep stage Experimental. implementation stage

Synthetic diamond chips (few mm) from Element Six
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11 NV layer thickness

Contributions to magnetic spatial resolution
Standoff distance

NV layer thickness

Optical diffraction limit

Naively, match the standoff distance, NV layer
thickness, and sample thickness
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12 I DC NV magnetic imager techniques

CW-ODMR Pulsed ODMR
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13 Sensitivity as a function of laser & MW power

MW power broadening: larger C, broader F

Laser power: larger Ny, weaker C, narrower r
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14 I Outlook

NV sensitivity improvements will enable new applications
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