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objects are automatically fixed in the solid, and the
maintain their position even in the case of the

failure of technical devices.

The defect-free isotopic '2C diamond crystal, with its large
bandgap of 5.4 eV, has properties similar to those of a vacuum;
thus, a point defect center can be compared to an atom in a trap.

The large bandgap ensures that even at room temperature, the conduction
band remains unoccupied and no free electrons can unintentionally
interact with the qubits.

A high Debye temperature of over 1800K so that few phonons
disturb the system.

The low diffusion constants of almost all elements enable the atoms to
retain their positions even at temperatures of several hundred Kelvin.

Because of the well-defined properties of defects based on
single atoms, all quantum devices have similar electronic
structures, spectral lines, and spin properties.
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NV ID
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NV GROUND STATE CONFIGURATION AND ODMR SPECTRA



NV RADIATIVE AND NON-RADIATIVE STATE TRANSITIONS



MPUPOAHBIE ATMASbI

Crapeiiwas waxra -
HOxHas Appuka, Kumbepnu

KpynHeliwas waxta - Poccua, MupHbrii
(h=525 m, D=1.2 km) 1957-2001



PROGRESS IN DIAMOND ENGINEERING

Plus dynamical control (CPMG-8) = T,~ 1sec
Lukin et.al. 2012




Adamantane

3nm

NANODIAMONDS

Detonation nanodiamonds

ND produced by mechanical

grinding

300nm

Millimeter-sized <>
single-crystal CVD diamond Imm



AJTIMA3 KBAHTOBOW YUCTOTb!

N30Ton: 99.999% 12C

University Paris XllI (Villtaneuse) J.
Achard

KoHUeHTpauua npumecei:
HuKe 1012 cm-3

D. Twitchen, Element 6 Ltd
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CHEMISTRY:  SPACE STRUCTURE

N V_ The electronic structure of the NV center involves six electrons. Two
are provided by the nitrogen atom, and another three are dangling
bonds from the three carbon atoms surrounding the vacancy.

Yrnepopg, — 1s%2s%2p? (aByxBaneHTeH)
B kpuctanne — sp? rubpuamsauma -
1521s2p3 (4eTbipexBaneHTeH)

The sixth electron is captured from the lattice (typically, nitrogen

donors), making the overall charge state NV-.
13



DIAMOND LATTICE



DIAMOND LATTICE RELAXATION AROUND NV CENTER
(By simulation of the cluster C,4,[NV]H,, )

Unrelaxed Remove one C atom and change Relaxed
8C element the other one for the N atom NV+6C element
of diamond lattice of diamond lattice
2. 649 A
2527 A - 2527 A >
2y

2527 A 2.527 A 7 2.764 A
1547 & 1.547 A /; 1512 4

Due to relaxation:

-atom N moves to the plane where the three nearest C atoms are
disposed resulting in the reduction of the distance between
N atom and nearest C atoms;

- three C atoms, being nearest neighbors of the vacancy, moves
away from each other and from the N atom 15



SPIN DENSITY

TOP VIEW
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SPIN DENSITY

TOP VIEW

X 100
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SPIN DENSITY

SIDE VIEW
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SPIN DENSITY

SIDE VIEW

X 100
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PHYSICS: HAMILTONIAN OF NV INTERACTIONS

D < spin—spin interaction between the two unpaired electrons of the defect

e, < strain
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Coupling coefficients and typical sensitivities



EXPERIMENTS



GROWTH



CVD

Courtesy of D. Twitchen, E6 Ltd
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ISOTOPIC AZA-ADAMANTANE — A SEED OF NANODIAMOND

1-AZA-ADAMANTANE +13C -> THE NV-13C SYSTEM
Precursors —
1,2 aza-adamantane

2-AZA-ADAMANTANE +13C -> THE NV-13C SYSTEM
25
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TEST SIMULATION — ADAMANTANE MOLECULE C,,H,

JKCNepumMeHT
1..,=31.420.5 'y

JOURNAL OF MAGNETIC RESONANCE 91. 186-189(1991)
Ian D. Gay, C. H. W. JONES, AND R. D. SHARMA

Teopwua
1..,=29.9 'y,

We have used ORCA 5.0.2 software package with the
B3LYP/def2/J/RIJCOSX level of theory and then simulated the
n-bond J-coupling tensors "y, (Ci,Cj) for all possible 3Ci-13Cj
pairs in the clusters using B3LYP/TZVPP/AUTOAUX/decontract
level of theory. The functional B3LYP in combination with TZVPP
basis is recommended for NMR calculations by ORCA [21, 22].
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IMPLANTATION
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DETECTION AND
MEASUREMENTS
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YCTAHOBKA AN1A UCCNEQOBAHMA NV-LIEEHTPOB (ULM)



ONTUYECKROE AETEKTUPOBAHUE OANHOYHbBIX NV LLEHTPOB

NCTOYHUK OQMHOYHbIX (I)OTOHOB

<I(t)](t+f)%( )>2
I\t

ounts/sec

Nitro geél
Implant
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STED-MWKPOCROTTNA

Mo3BosAeT npeogoneTb npeaen gubpakumm Ana paspeLleHms

Confocal STED
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. .. nm
S. Hell (Goéttingen), J. Meijer (Bochum)

S. Pezzagna et al., Small 6, 2117 (2010).
K. Y. Han et al., Nano Lett 9, 3323 (2009).
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PHOTOELECTRIC IMAGING
OF SINGLE SPINS

NV~ = NV’
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SINGLE ELECTRONIC AND
NUCLEAR SPIN MEASUREMENTS



ONTNYECKOE CHUTBIBAHWNE OANHOYHbIX 3/IEKTPOHHbIX CTTUHOB

3E
excited
state

3A
ground
state -

CnnHOBbIN TPUNAeT OCHOBHOIO COCTOAHUA

5 -~
Early work H=(D-2/3)S;+(gu,/h)S-B
P. Nizovtsev, Physica B 308, 608 (2001)

Recent review M. W. Doherty et al., Phys Rep 528, 1 (2013).
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ROTEPEHTHOCTb OAMHOYHbIX 3JTEKTPOHHbIX CMMMHOB

onTnyeckoe AeTekKTpoBaHNe MarHMTHOro pe3oHaHca

T R 4+ B

©,

= ]

"é /2

2 |

8

8 E TT

3

) — )P
0,00 0,05 0,10

microwave pulselength t [us]

OnTnyecku ,D,eTeKTVIpyeMbli;l MarHuTHbIN Pe30HaHC Ha
OANHOYHbIX UEHTPAX

Jelezko, F et al., Phys Rev Lett 92, 076401 (2004).
Jelezko, F. et al. Phys Rev Lett 93, 130501 (2004).
Dutt, M. V. G. et al. Science 316, 1312 (2007).
Childress, L. et al. Science 314, 281 (2006).
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KOMEPEHTHOCTb AAEPHbIX CITMHOB

Ramsey fringes

99.999 % enriched 12C (Element 6, Tsukuba) " A Q= //_ +‘¢
Nuclear spin free lattice /2
1 N©?T
p = y
w2 . e~ /201 1)

MakcumanbHoe BpemaA $a30BOM NaMATU 415 TBEPAOTENbHbIX CUCTEM

Jahnke KD et al. Appl Phys Lett, 101, 012405 (2012)
Balasubramanian G et al. Nat Mater, 8, 383 (2008). 50



PETUCTPAUNA AAEPHBIX CTTMHOB, CBA3AHHbIX C NV

KBaHTOBaA namaATb

KBaHTOBbIE CKAYKN OAMHOYHOTO
A0epPHOro CNMHa NPU KOMHaTHOM

TemMmrnepartype
Image: P. Cappelaro (MIT)
ApepHbIN CNUH
bonbloe Bpema KOrepeHTHOCTH
Pecypc correlate measure
5 n- and e-spin e-spin
o
A.P. Nizovtsev, S. Y. Kilin, A. L. Pushkarchuk, V.A. D e-spin —A
Pushkarchuk, F. Jelezko, New J Phys 16, (2014). 8 n-spin
A. P. Nizovtsev, S. Y. Kilin, P. Neumann, F. Jelezko, 5 state|W)
©

J. Wrachtrup, Opt Spectrosc. 108, 239 (2010).

KBaHTOBbIE KOppenauumn (entanglement)

Neumann et al., Science 320, 1326 (2008)

QND measurements

Neumann et al., Science 329, 542 (2010)

Bpems korepeHTHOCTU 1 cekyHaa

Meurer et al., Science, 336, 1283 (2012) Bpe'\"ﬂ51



THEORY

QUANTUM OPEN SYSTEMS

QUANTUM MEASUREMENTS & CONTROL

QUANTUM CHEMISTRY

ERROR COR. CODES



NV QUANTUM SENSORS

QUANTUM COMMUNICATIONS

QUANTUM COMPUTATIONS



P#1 HYBRID QUANTUM REGISTERS

ELECTRON AND NUCLEAR SPINS



P#2 VISION WITH ATOMIC RESOLUTION

Cynep Mukpockon:
YyBCTBUTENLHOCTb: OTAENbHbIE aTOMbl
PaspelueHue: A

PaspelleHne No BpemMeHU: <MKCeK




P#3 SENSORS WITH NV ENSAMBLE



COHERENT CONTROL & USAGE
OF NUCLEAR SPIN BATH



NV plus “BATH” of NUCLEAR SPINS
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USAGE OF SPIN “BATH”

DYNAMICAL ISOLATION OF
COUPLED SPINS
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DYNAMICAL METHODS TO SUPPRESS DEPHASING

w2 m, w2,
Remove

TWO‘pu Ise GCho Frae precession (d,) Free precession (a) Inhomog_eneous
broadening
Time >
100 ’m‘
s:o 1
ot

Flot)

uD [sle)

Filter function for CPMG-8

The method allows to demonstrate T2
dephasing time for NV approaching to
1 second !!!!

Room-Temperature Quantum Bit

Memory Exceeding One Second

P. C. Maurer,™ G. Kucsko,™ C. Latta,” L. ]iamg,Z N.Y.Yao, S. D. Bennett," F. Pastawski,®
D. Hunger,* N. Chisholm," M. Markham,® D. ]. Twitchen,® ]. . Girac,* M. D. Lukin't

Science 33 (2012) 1283

T=—
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INDIVIDUAL CONTROL OF INDIVIDUL 13C BATH SPINS (sensing
seguences)

0 .
4,=4 o,
-
A =|oyo A, + (A, AE

H =4 +w)l +A41,

A
®, A = @(cosOI, +sinbl) o,




J2
H =|0)(0|H, +|1){(1| A, v
I
N=2
t L [0) [ AL AN ALY
W), =™ )| )= >[2‘ )y 10l »ﬁ\ )
hp(t))en'
entangled state
MEPEMYTAHHOE o VoV,
|\P1(T)>x—< >|‘I’ > |\P >
COCTOAHUE
|

X

=], (%, @) f -
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|:(T—7Z'—22'—7Z'—Z')N/2:| A% AT%
P(N)_1+<\11, Ve \\P,>:1+M
* 2 2
cos ¢ =cos acos f—m_sinasin S a =0T
I—f, -, =m, (1-cosa)(1—cos f) —o,
l1—-cos¢

m,=sind=A4,/0~w,/o, <1 m =cosd=(4+w,)/d~1
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|:(T—7Z—2T—7Z—T)N/2]

l-n,-n

_ (=cosa)(1-cos B)
T 1—cos¢
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DECOUPLING & POLARIZATION & REGISTRATION

TTpambre flip-flops mexay 3neKTPOHHLIM U 94epHBIM CNUHAMU
NOAABNAFOTCA pACCOrNACOBAHUEM SHEPTUM.

I dipole
interactio
e Kak npuBecTu ABa CnuHa B M/W

PE3OHAHC nucleus

spin
NV spin
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HARTMANN-HAHN CONDITION, DOUBLE RESONANCE

Bo3byxaeHne 3neKTpOHHbIX 3 y

dipole
CMUHOB. interactio

VW

gowave
dr'es spin

nucleus

Qi = |7/ N8+ Akyp| spin

London et al., Phys. Rev. Lett. 111, 067601 (2013)

S. R. Hartmann and E. L. Hahn, “Nuclear Double resonance in the rotating frame”, Physical Review 125, 5 (1962)
A. Henstra et al., Journal of Magnhetic Resonance 77,389 (1988)
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-12.2
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NV Measurement Protocols & Sequences

Levine, Edlyn V. et.al Nanophotonics, vol. 8, no. 11 (2019) pp. 1945-1973
71



P#2 VISION WITH ATOMIC RESOLUTION

Cynep Mukpockon:
YyBCTBUTENLHOCTb: OTAENbHbIE aTOMbl
PaspelueHue: A

PaspelleHne No BpemMeHU: <MKCeK
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NV CENTERS IN A DUAL ROLE OF
NMR DETECTOR AND OPTICAL
HYPERPOLARIZATION SOURCE TO
INCREASE S/N

Schwartz, I., Rosskopf, J., Schmitt, S. et al. Blueprint for
nanoscale NMR. Sci Rep 9, 6938 (2019).
https://doi.org/10.1038/s41598-019-43404-2
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OMPEAENEHME CTPYKTYPbl OAHOW MOTEKY/bI

OBYMEPHbIV AMP BbICOKOIO PA3PELLEHMA
Lenb: Pa3peweHne CTPYKTypbl U AUHAMUKN
OAMHOYHbIX BMOMOIEKYN

3apgava 1: yyBCcTBUTENBHOCTL (Sub nT)
3apava 2: cnekTpanbHoe pa3spelweHue (sub Hz)

KBaHTOBbIE MHCTPYMEHTbI A/19 METPOOTUMK:
KBaHTOBaa namaATb
KBaHTOBaA KoppeKums owmnbokK

Unden et al., Phys. Rev. Lett. 116, 230502 (2016)
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EMOCTPYKTYPHbIN AHANU3

CNEKTPOCKOMMNA OANHOYHbIX MOJTEKY/T VS NMR

UyBCTBUTENBHOCTbL: YPOBEHb
OONHOYHOW MOSEKYNbI
Bbicokoe npocTpaHCTBEHHOE
paspeweHune: 10 Hm (STED)

KONMNYeCTBEHHbIN
Label free

BbiCOKOe cneKkTpanbHoOe paspellueHune

Huskasa yyscTBUTENBHOCTE



ATMA3HbIE MATHUTOMETPbI

Balasubramanian, G.; et.al, Nature 2008, 455, 648-651.
Maze, J. et. Al, Nature 2008, 455, 644-647.

aNMasHbI AaTYnK

MarHMTHOe B3aMMoOenCcTBME

<...>

y

monekyna [AHK

B= ﬂfe [1 —3cos’ (9)]52
r

HoBbI aiMa3HbI AaTYMK NO3BONAET U3MEPATD
MarHUTHblEe NOA C BbICOKMM NPOCTPAHCTBEHHbIM
paspelleHmem
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AMP OANHOYHOW MONEKY/IbI

Lovchinsky et al., Science 351, 836-840 (2016)
Ubiquitin
PerynatopHbin 6enok (8,5 ka)

2 HM oA, NOBEPXHOCTbIO
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HAHOYACTWNLbI A/IMA30OB

Wu et al., Ang. Chemie Int Ed 2016 55(23):6586-98
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IKCINMEPUMEHTDBI B K/IETKAX

green: Plasma membrane,
red: Diamonds
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TMNEPMONTAPU3SALMA ONA MPT U AMP

ANEPHAA MATHUTHO-PE3OHAHCHAA TOMOTPA®UA (MPT)

Xopoluee NpoCcTpaHCTBEHHOE paspeLleHne B
TKaHAX.

HepocTtaTouHas 4yBCTBUTENBHOCTb ANA
0BHapYKeHUA OTAENbHbIX MONEKYN UAW KNETOK.

YBenmyeHue nonspumsalmm nytem yBesanyeHmsa nons.
Pe3ynbTaT - «yMmepeHHoe» yBe/IndeHne YyBCTBUTEIbHOCTU U paspeLLeHnn
YBeniMyeHne CTOMMOCTM MarHuTa
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TMNEPMONTAPU3SALMA ONA MPT U AMP

300 K
104 eV
1.2K
| 1>
| 1> 108 eV
Nuclear
spins

2.5x102 eV
2eV
3.5x10% eV
Elegtron Photons
spins
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NANO-MRI USING MAGNETIC COATED SCANNING PROBES
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EPR

TMNOEPMONTAPU3SALMA ONA MPT

100 m

NMR

88



89



90



91



92



93



P#1 HYBRID QUANTUM REGISTERS

ELECTRON AND NUCLEAR SPINS



NV PLUS 13C SPINS QUANUM REGITERS



SCALABLE NV BASED QUANTUM REGISTER

\/-\_/\/\/\_/'\/

* Magnetic dipole interaction of 1

50
separated NV centers can be used to nm
increase the number of qubits For a distance of about = 50 nm is interaction is
* Each NV is a small quantum register roughly 0.45 kHz - within T, time

itself
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A TEN-QUBIT SOLID-STATE SPIN REGISTER WITH
QUANTUM MEMORY UP TO ONE MINUTE

C. E. BRADLEY et al. PHYS. REV. X 9, 031045 (2019) 99



ATOMIC-SCALE IMAGING OF A 27-NUCLEAR-SPIN
CLUSTER USING A QUANTUM SENSOR

T. H. Taminiau, Nature | Vol 576 | 19/26 December 2019 | 413



ATOMIC-SCALE IMAGING OF A 27-NUCLEAR-SPIN
CLUSTER USING A QUANTUM SENSOR

Additionally, we determine the position of the NV sensor relative to the cluster. Although not required to
reconstruct the cluster, this provides a control experiment. We measure the coupling of the 14N nuclear spin to 12
of the 13C spins (Extended Data Fig. 4). This unambiguously determines the location of both the 14N atom and the
vacancy (fit uncertainties <0.3 A). We can now compare the electron—13C hyperfine couplings to previous density
functional theory (DFT) calculations for 5 of our spins [33]. All 5 couplings agree with the DFT calculations (Extended
Data Fig. 4), providing an independent corroboration of the extracted structure, as well as a direct test of the DFT
calculations.

33. lehovtsev, A. P..et al. Non-fl!pplng 13C sp.lns near‘an NV center.ln dlamond: T. H. Taminiau, Nature | Vol 576 | 19/26
hyperfine and spatial characteristics by density functional theory simulation of b ber 2019 | 413
the C510[NV]H252 cluster. New J. Phys. 20, 023022 (2018). ecember | 101
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13C SPIN CARTOGRAPHY

(3D LOCALIZATION SPECTROSCOPY OF
INDIVIDUAL NUCLEAR SPINS WITH
SUB-ANGSTROM RESOLUTION)

& HFI CHARACTERIZATION



SIMULATION OF THE CLUSTER Cs,;[NV]H,., :
STABLE NON-FLIPPING 3C NUCLEAR SPINS

We simulated hfi
matrices for all possible
positions of 3C in the cluster
and used them in spin-
Hamiltonian of NV-13C spin
systems to calculate the

observable.
Here we are interested
in the search of hfi

characteristics and positions for
stable (or near-stable) systems
NV-13C.

Axx Axy Axz
A=|Ayx Ayy Ayz

Azx Azy Agzz

Ty =11y, ~1+ A4,/ A,

Nizovtsev et.al. New journal of Physics, 20 (2018) 023022 104



SIMULATED “LIFETIMES” OF ALL POSSIBLE 3C NUCLEAR SPINS
IN THE C,,[NV]H,s, CLUSTER

13C spin “lifetime”

TO=1/7/0~1—|—A§Z/A,fd 4 )

Keep in mind the
log scale !l

axia \ / axi

| al

Non-axial Il
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SPATIAL LOCATIONS OF NEAR-STABLE
NON-AXIAL SYSTEMS NV-13C IN THE CLUSTER

Expected

axial 13C §

\\ Unexpected

\\ Vv non-axial 13C

side view top view

106



SPIN DENSITY DISTRIBUTION NEAR STABLE POSITIONS IS
SYMMETRIC!

Red - positive spin density
distribution contour with
small value (~0.0001) over
the cluster.

Blue - negative spin
density.

View is chosen so fo visua-
lize symmetric negative
spin density distributions
at stable positions €222,
€225 and C223.

Positions €222, €255 and
C260 belongs to the
St1(K2) family, positions
€225, €223 - to the
St2(Y) family.

Top view 107



SPIN DENSITY DISTRIBUTION
NEAR ONE SPECIFIC STABLE POSITION C222
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INTERPRETATION OF STABLE 13C

Stable (or near-stable) NV-13C spin systems have small off-diagonal elements A,, and A,
in their hfi matrices A, resulted from anisotropic (dipole-dipole) part of hfi. They
are expressed in terms of spin density

Po =Pt~ P
N

Agniso = Zl'_;[( Oe ke )WT( r r - Anisotropic (dipolar) part

3x% —r? 3xy 3xz

T(r)__ 3xy  3y2-r2 3yz -dipole-dipole interaction

@ @ . , | tensor (traceless)
Z -r

If the local spin density distribution in the location of certain 13C is symmetric with
respect to the sign change of x and y then the integrals will be zero !!! So, we need
just to visualize the spin density....

109



EXPERIMENTAL CONFIRMATION (ULM)

They re-investigated the very stable NV-13C spin system
of the article [PRL 116, 230502 (2016)] undergoing B=340 gauss (| | 0Z) and
exhibiting the hfi-induced splitting of the state m¢=-1 of A~50 kHz.

and measure Zeeman+hfi splittings of both involved NV substates m¢=0 and m¢=-1

m5=—1 mS:O

peaked at

A=313.1 kHz <
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FIVE-QUBIT CODE WITH A FLAG PROTOCOL THAT ENABLES
FAULT TOLERANCE USING A TOTAL OF SEVEN QUBITS

Chao, R. & Reichardt, B. W. Quantum error correction with only two extra qubits. Phys.
Rev. Lett. 121, 050502 (2018).

Chao, R. & Reichardt, B. W. Flag fault-tolerant error correction for any stabilizer code. PRX
Quantum 1,010302 (2020).

T. H. Taminiau at.el
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NEW OBJECTS FOR QC



NEW STABLE QUBITS: 13C - 13C DIMERS

Dimer
13C_
13C
N T2y = | +1)
Single 13C T4y = | 1)
|S|:|> - w

Simulation of Indirect 3C-13C J-Coupling Tensors in Diamond Clusters Hosting the NV
Center Nizovtsev et. al (2022) elhttps://doi.org/10.3390/materproc2022009004



B3AMMOAENCTBUE AAEPHbLIX CMMHOB

Avnonb-gnnonsHoe

Henpamoe
(J-couping)

Hpp = —

4 rly

BennuunHa B3. AByx 13C Ha paccToaHUK

1.54 A ~ 2 klu

Jo I
Hi=I1-J I J=|J, J,
Jo Iy

Ho Yol (f?*(f 1° 'ﬁz)(f 2 T12) B I 1 2)

3
M2

o

(3]

~

O6bI4HO U3MEPAIOT TO/IbKO U3OTPOMHYHO

KoHcTaHTy Jiso=Sp(J)/3.
TunnyHblie BennumHbol ~ 10-200 Iy,
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http://mriquestions.com/uploads/3/4/5/7/34572113/8572346_orig.gif

SPIN-HAMILTONIAN OF 3C-13C DIMER IN MAGNETIC FIELD

H=-y (1, +1,)B+I, (D" +J"% )e],

where y=1.07084 kHz/G — gyromagnetic ratio, I, |, —
operators of spin I=1/2 with spatial components:

0 1 0 —i 1 0
. L, (1 0]/2’ 7 {i 0] : (0 —Ij

| (x3.95.25)

o]l

D *) and J (1) - dipole-dipole and indirect coupling tensors

R.E,Wasylishen. Dipolar and Indirect Coupling Tensors in Solids.

To simulate NMR spectra of C-C dimers we will use the total spin-Hamiltonian with total D and J tensors
calculated for the above cluster. Numerical diagonalization of the spin-Hamiltonian gives energy levels
and eigenstates of the coupled C-C spin system and allows to predict frequencies and amplitudes of lines
in the NMR spectrum of any specific 3C-13C dimer. We did such analysis for few exemplary 3C-13C
dimers (see below) and compare the results with simplified analytical formulas.
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EPR SPECTRA OF 13C-13C DIMERS

— [8)
mg=-1 1 |T>
|6) ——
— 5
[4)
m=0 |2 — |3)
1)

SINGLET EXITATION >
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NMR SPECTRA OF 13C-13C DIMERS



ENTANGLEMENT OF SPIN-PAIR QUBITS WITH INTRINSIC
DEPHASING TIMES EXCEEDING A MINUTE

Inhomogeneous
dephasing time

T,” =1.9(3) min

A combination of
a decoherence-
free subspace, a
clock transition,
and a motional
narrowing effect

The NV electron spin has a dephasing time of T*, =4.9 ps and a spin echo time of T, =1.182 ms.

H. P. BARTLING et al. PHYS. REV. X 12, 011048 (2022)
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P#3: SENSORS WITH NV ENSAMBLE



NV FOR NANOSCALE LOCAL MEASUREMENTS

Magnetic fields
NMR spectr on a (5 nm)3 volume >

Staudacher et al., (2014)

Temperature

Acosta at.el (2010)
Shift: dD(T)/dP = 74 KHz/K

< In living cell

Kucsko at.el (2013)
Pressure

Doherty et al., (2014)
ZPL, ODMR shift:

dD(P)/dP = 14.58 MHz/GPa

Single charge nanoscale
detection (electrometer)

Dolde et al, (2014)~>
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STRUCTURES FOR SINGLE PHOTON SOURCE

(©)

DOTOHHO-KPUCTANNNYECKUI
BO/IOKOHHbIA UCTOYHUK CBeTa C

nopamu, 3aNONHEHHbIMMU
HaHOKpucTanamm anmasa c NV
LUeHTpaMm (a). CnekTp

$oTONIOMUHECUEHUNM  TaKoro
MCTOYHMKa (6)
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FIBER-OPTIC MAGNETIC-FIELD IMAGING

The sensitivity of magnetic field measurements

n =300 nT - Hz V2 =~ 10pT - Hz 2

Fedotov et al. OPTICS LETTERS / Vol. 39, No. 24 / December 15, 2014
123 123



NV

Fiber-optic magnetic-field imaging, |. V. Fedotoy, et.al,
Opt. Lett. 39, 6954 (2014).

Fiber-optic vectorial magnetic-field gradiometry
S. M. Blakley, et.al, Opt. Lett.
41, 2057 (2016).

Room-temperature magnetic gradiometry with
fiber-coupled NV centers in diamond
S. M. Blakley, et.al, Opt. Lett. 40, 3727 (2015).
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GeV



THE ZERO-FIELD-LEVEL ANTICROSSING
(ZFLAC) MICROWAVE-FREE SENSOR

D. S. Filimonenko, V. M. Yasinskii, A. P. Nizovtsey, S. Y. Kilin,
F. Jelezko, J. Appl. Spectrosc. 2022, 88, 1131.



WHAT NEXT ?

H3 (NVN), SiV, GeV, SnV

PHOTOELECTRICAL DETECTION
EXPERIMENTS @ mK
FLAG PROTOCOL

QUNTUM DATA ANALISIS

SPIN CARTOGRAPHY
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