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2 ‘ NV magnetic imaging applications
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3 ‘ Photon shot noise limit @)

NV magnetic noise floor: AB ~ (smaller is better)
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Examples of other noise contributions:
° Fluorescence intensity technical noise

o Dark current noise
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4 | Tactics for improved photon shot noise

1. Boost the photon collection
> High-NA collection optics H’\:@
> Side collection *(\
> Optical waveguides NV Ou

o Total internal reflection diamond

ng = 2.419

Diamond substrate

K. Jensen et al., High Sensitivity Magnetometers pp. 553-576 (2017)
D. Le Sage et al., PRB 85 121202(R) (2012)

T. Babinec et al., Nature Nano 5,195-199 (2010)
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s | Tactics for improved photon shot noise ) |
1. qust the photpn colFectmn Cwaveplate L ot 1042 nm  Collimators
> High-NA collection optics / ﬂ .
' i A2 pump light 532 nm mc&
o Side collection ¢ pump ight 532 —ibers
> Optical waveguides - diamond  spherical mirrors
o Total internal reflection 4= <= ; deteotor
'\+
2. Circumvent fluorescence collection * dichroic ,
: MIrror : Ongpass
° Infrared absorption — filter —

zdirection microwaves
o Photocurrent readout
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¢ I Tactics for improved photon shot noise

1. Boost the photon collection - wave plate

. . . p probe hight 1042 nm collimators
o High-NA collection optics 4 H :ﬁcal
o Sida collecton 3'-"%, pump light 532 nm :Jg_'[l?)fn
“ Optlca.l waveguides | lenses diamond spherical mirrors
o Total internal reflection 4= —I= detector
H+ —
2. Circumvent fluorescence collection * dichroic .
] IMIrmoT e = .
° Infrared absorption filter

o Photocurrent readout

3. Limitations

o Diminishing returns (thermal management, /N, scaling)

zdirection microwaves

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

o Many schemes incompatible with imaging

K. Jensen et al., PRL112,160802 (2014)
E. Bourgeois et al.. Nat Comm 6 8577 (2015)

Single crystal diamond
Lock-in [ |
amplifier



7 | Tactics for improved linewidth & contrast
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1. Limitations o - AB ~
> Magnetic defects (3C, P1, ...) b ) S V
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s I Tactics for improved linewidth & contrast

2. Approaches

o Optimized diamond growth & NV formation

o Qverlap all NV orientations for ~4x more contrast

(but v3x weaker response)

o NV nuclear polarization; probe each hyperfine line

o Spin bath driving

M. Steiner et al., PRB 81035205 (2010
E. Bauch et al., PRX 8, 031025 (2018)
J. F. Barry et al.,, PNAS 113 49 (2016)
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o I Tactics for improved magnetic response @
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m = +1
. , I
1. 'Double-quantum’ magnetometry AB ~ 3 —
_ C ./ Ny £ [ |2870 MHz ~ lzsmuzc
2. Magnetic flux concentrators
m=0 m=0
Fine Zeeman
a) Laser — =
(532 nm, 200 MW) | s —
Balanced NEonie
photodetector ) cones .
Beam Diamond microwave loop
splitter . \/ lB
< ext

Dichroic Lens’ .. ..
mirror

Fluorescence
(650-800 nm)

Helmholtz coils
e

e

mu-metal shield

E. Bauch et al., PRX 8, 031025 (2018)
l. Fescenko et al., arXiv:1911.05070 (2019)




10 ‘ How do we optimize an NV magnetic imager!?

Diamond prep stage Experimental implementation stage

Synthetic diamond chips (few mm) from Element Six

Camera

Eyepiece

Objective

Diamond

Microwave
Magnetic sample stripline

D.R. Glenn et al., Geochem Geophys Geosyst 18, 8 (2017)



NV layer thickness @

. . . . . Microscope
Contributions to magnetic spatial resolution

o Standoff distance
> NV layer thickness
o Optical diffraction limit

Diamond (without NVs)
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2 ‘ DC NV magnetic imager techniques
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13 | Sensitivity as a function of laser & MW power

MW power broadening: larger C, broader I'
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FIG. 5. (Color online) Contour plot of the experimental magnetic-
field sensitivity Sg as a function of light power P and Rabi frequency
fr. Notice the logarithmic scales.
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14 ‘ Qutlook

NV sensitivity improvements will enable new applications

Magnetic sensitivity vs. spatial resolution
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Still much room for improvement
o Improved linewidth and contrast

> Current sensitivity still far from the spin projection noise ‘hard limit’
o Equal emphasis needed on diamond characteristics and technical implementations
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