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Diamond Defects as Quantum Spin Sensors

Working Principle:
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Crystals are like people, its only the defects
that make them interesting F. Franck Doherty, Manson, Delaney, Jelezko, Wrachtrup, Hollenberg, Phys. Rep. 2013
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Protecting against Noise

‘ § Environmental fluctuations
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Protecting against Noise

‘ § Environmental fluctuations
. om=pnE Vh O possess finite memory time
[ S v v, > Employ continuous dynamical
S decoupling techniques
J m, =+1@ A
m =-1

Magnetic field defines two-level system



Protecting against Noise
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. om=pnE Vh O possess finite memory time
"‘~~~-_‘,‘,_f7|§>HZ A, ¥ v, :> Employ_continuo_us dynamical
S decoupling techniques
‘l' m, =+1 @ Hy, =Qo,
‘_|_> — ‘()> + |-|-1> Environment

m =-1 spectral density

Continuous

=)
Dynamical Decoupling Q
-)

0)—[+1)

<

Magnetic field defines two-level system O, < O

Interaction with environment
carries energy penalty

NJP 15, 013020 (2013)



Protecting against Noise
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The Sensor In Action
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Theory: NJP 15, 013020 (2013) & Experiment: PRL 111, 067601 (2013)



Concatenated Noise Protection

Theory & Experiment: NJP 14, 113023 (2012).



Concatenated Noise Protection
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Concatenated Noise Protection
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Other Applications

Theory: PRA 85, 040302 (2012)
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Bringing the Sensor to the Biology

Diamonds in Biology

Experiment & Theory: Nano Letters 13, 3305 (2013)




Sensing Individual Proteins

Medical Diagnostic Tool
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Experiment & Theory: Nano Letters 13, 3305 (2013)
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Biology for Quanta

Selfassembled Biological Structures

Robin Ghosh



Biology for Quanta

Nanodiamond — Protein Assembly
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Experiment & Theory: NJP 16, 093002 (2014)



A Diamond Surface Simulator
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A Diamond Surface Simulator

Address three main challenges
» Initialization of the nuclear spin lattice

» Control of the Hamiltonian of the nuclear spin lattice

» Readout from the nuclear spin lattice

Theory: Nature Phys. 9, 168 (2013)



A Diamond Surface Simulator

Theory: Nature Phys. 9, 168 (2013)
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Cooling and State Preparation

Polarization of nuclear spin bath 12001
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Sensing Silicon Nuclear Spins on a Diamond Surface

NV Centé_r.. ~—.,

Experiment & Theory: Nat. Comm. 5, 4703 (2014)
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Sensing Silicon Nuclear Spins on a Diamond Surface

a b

Si0,
Diamond

%
<100 Hz“"},
A 4

7~3 kHz
i
) Pl £
/ c
PSS ;

C

Fluorescence signal Q. B field (T)

" 1804G 1951 G1993G ! 0044G
._-I I... L I |
[ '] -\ .,.5:'.
L]
'
1.60 1.65 1.70 1.75

Larmor frequency (MHZz)

a Macroscopic inductive NMR b
Weak coupling: Ty > I'g

(8) == p (Ny-Ny)

Microscopic statistical fluctuation
Weak coupling: Ty > I'g

(8) == (N-N,)

Quantum sensing spin flips
Strong coupling: Ty >Tg

(Sy== N pu

Experiment & Theory: Nat. Comm. 5, 4703 (2014)




Sensing Silicon Nuclear Spins on a Diamond Surface

Silicon on Diamond Surface

Nl SO SiO, Diluted spin lattice  4.67 % of 29S;
4 ¥ ) < e .
o’ J“:J 47,_4,5’“;' Si-Si distance: a = 0.306 nm
Tr; —/L“{ : _/L?‘/ JJJ "’:
2 /'i 4“) A > 4.j 9
A .
"t & 3, ot Coupling to closest NV — 1-10 kHz
At S S A . o .
» 0y Y I Coupling between 4°Si nuclear spins — 0.1 kHz
o 2 0
j;",b{uf“fj :fnj 7
ol L 3 A O 09 [ wost sl -
> Sotes? ) WF | —1951G
g0 O y » Sj 0.98 . 1983 G )
2051 G TNy
. —~ 097 1l "I'.I."l'u I|I"HIN."'.U.-\\ NN NI "f’h"’ﬂ, I."'.III."'|IJI| g VY i
> F iy 'II y o L. ¥ L -
L + measurement o 096 F f.“' \‘n, || o 1
—— 75 (0.847 kHz/Gauss) > i ! |V PRV VA ]
172 - T 095F e S ]
%, 170 - E 094 | N }
g 0.93 ! AL/ WMV
5 ’ B A WY ¥ 7 I|I 7]
% 1.68 . 092 | \ ]
166 1 1!5 ‘ 1?6 . 1!7 ‘ 1!8 ' 1_|9 T 20
, ] frequency (MHz)

1.64 : o
1940 1960 1980 2000 2020 2040 2060

magnetic field (Gauss) |:> FlEId f|UCtuati0nS from "'9 Si29

5 nm3 spatial resolution
Experiment & Theory: Nature Communications 5, 4703 (2014)



Sensing Silicon Nuclear Spins on a Diamond Surface

Signal Processing Methods
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Diamond Surfaces

Sensing Pressure and Forces
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Diamond Surfaces

Sensing Pressure and Forces
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Diamond Surfaces

Sensing Pressure and Forces

Force
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NV-center in Terfenol-diamond:  dA/do ~ 17MHz/MPa

Theory: Nature Comm. 5, 4065 (2014) & International Patent Application PCT/EP2014/057788



Terfenol-D

Diamond Hybrid Sensor

Hard Diamond — Piezomagnetic Material
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Diamond Surfaces

Sensing Pressure and Forces
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