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1.1. Diamond as a host material

1.1.1. Physical properties

Diamond is one of the allotrope forms of carbon, where the atoms are ar-
ranged in the so-called diamond cubic order (Figure 1.1). Each carbon
atom is connected to the closest four neighbouring atoms via covalent bonds,
forming an extremely rigid lattice with tetrahedrally coordinated orbitals
with sp3-hybridization. A unit cell contains eight atoms with the nearest
neighbour distance of about 1.44 Å.
Through such a structure, it is the hardest (10 on the Mohs scale) naturally
occurring material known. Hardness measured by the sclerometry method
has been measured to be 137 and 167 GPa for the (100) and (111) faces and
the compressive strength up to 60 GPa has been reported [1]. Lonsdaleite,
with hexagonal carbon lattice, the only material which is simulated to be
harder than diamond, has been synthesized in 1966 [2].
Owing to various remarkable properties, diamond is a widely used material
in industry. At room temperature and atmospheric pressure, it has density of
3.52 g/cm3 [3] and refractive index of n= 2.4. Because of their incredible
hardness diamonds resist scratching, which makes them suitable for gems
that are worn daily and for industrial applications, especially for drilling,
sawing and polishing of other materials, including other diamonds.
The pure diamond is an insulator with resistivity of 1016 ⌦ · cm [4]. At the

Figure 1.1: Diamond unit cell. Lat-
tice constant a0 = 3.567 Å.
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Figure 1.2: Structure of NV center.
The red bonds show 4 possible ori-
entations.

(Figure 1.2). The presence of an electron spin opens the way to the numerous
applications in biology, quantum computing, and sensing, to mention few
[18, 19, 20, 21, 22, 23, 24, 25]. Therefore, it is, probably, one of the most
studied defects in diamond (known since 1965 [26, 27]).
Molecular orbitals form the defect with C3v symmetry [28]. C3 means that
the rotation of a center around a symmetry axis by 360�

3 does not change
its appearance. v stands for the vertical symmetry plane, which is parallel
with the principal axis. The reflection through it generates an identical copy
of the original molecule. The symmetry (NV) axis is oriented along four
possible crystallographic axes, i.e. there are four possible orientations of NV
centers. Each time it can be either N-V or V-N [29].

1.2.1. Formation of NV centers

The detailed mechanism of creation of color centers is still not fully under-
stood. The experts disagree on this, but it is commonly assumed, that the
diffusing vacancies are trapped by substitutional nitrogen atom, which one
usually can find in abundance in Type Ib natural and N-doped CVD diamond,
to create an NV center. Therefore, the established recipes for defect creation
include implantation of vacancies with subsequent high temperature anneal-
ing (⇠ 900�C), to make the vacancies mobile. The substitutional nitrogen
atom has quite high diffusion activation energy [30], therefore it does not
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• Diamond point defects. 

• Interacts with light. 

• Robust quantum properties.
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• Easy to read, initialize and control. 
• Coherent at room temperature.

Annu. Rev. Phys. Chem. 65, 83 (2014) from R. 
Schirhagl,.. C.L. Degen.
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High-Frequency Problem
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τ

• The pulse Rabi has to be larger 
than the signal frequency. 

• At 2.1 T hydrogen has a 90 MHz 
Larmor frequency.



The Parallel Interaction
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• The Z projection does not contain 
fast oscillating terms. 

• Slow frequencies naturally emerge 
while driving.



AERIS
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•AERIS approach

Phys. Rev. Lett. 130, 133603 (2023) from C. Munuera-Javaloy, A. Tobalina and J. Casanova.



Solid-State NMR



Solid-State Systems
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H = ∑
j

δjI
j
z + ∑

j>k

djk (3Iz
j Iz

k − ⃗Ij ⋅ ⃗Ik) + ∑
j>k

Jjk ⃗Ij ⋅ ⃗Ik

• Massive splitting

• Peaks become very broad

• Complex interaction network

• Less coherence

Averaged out by movement



The Magic Angle
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θMAGIC



Magic Angle Spectroscopy
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Lee-Goldburg
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Can we drive like that?

H = ωoIz + 2ΩIx cos(ωDt)

HI = ΩIx HI = ΩIx + ΔIz

ω0 − ωD = Δω0 − ωD = 0

ΔIz

ΩIx

θMAGIC

Lee-Goldburg decoupling.



LEE-GOLDBURG 4
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Complex composed

 sequence:

[A, Ā, B̄, B]

A

A
B

B



Microscale NMR with 
LG4 decoupling



SIGNAL PRODUCED
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EFFECTIVE SHIFT
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δAδB

δ

δeff

• Only the parallel component of 
the shift is relevant during each 
driving. 

• The fast alternation creates a 
middle effective shift.



SEQUENCE
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BA A B B A A B B A A B B A A B B A A B

0 1 2 3 4 5 6 7
10-5

-1
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0
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1

• A pulse per axis detects the 
shifts. 

• We optimize the timing to obtain 
maximum initial amplitude.



PRELIMINARY RESULTS

22

0 10 20 30 40 50 60 70 80 90 100
0

1

2

3

4

5

6

7

8 10-6

Po
w

er
 S

pe
ct

ru
m

0 0.5 1 1.5 2 2.5 3 3.5
104

0

1

2

3

4

5

10-8

Po
w

er
 S

pe
ct

ru
m

SIMPLE FID OUR TECHNIQUE

10 30 50 70 9020 40 60 80

Frequency (Hz)
5 10 20 25 3015

Frequency (kHz)

80 kHz

120 kHz

200 kHz



CONCLUSIONS
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• Homonuclear decoupling makes 
readable spectra. 

• Solid-state NMR has great potential 
at the microscale. 

• We extend Rabi-mediated schemes 
to include LG4.


