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The wonderful peculiarities of the quantum 
measurements and the quantum entanglement open 
huge perspectives for practical usage of the quantum 

physics achievements in development of quantum 
networks, quantum computers   and a scientific 
breakthrough in atomic biology and medicine.

in classical mechanics the pure state is represented as a 
point in the phase-space and in quantum mechanics this 
state is a vector (function) in the complex vector-space. 
We can note that in quantum mechanics are introduced 

both the physiogeometric extension of the conception of 
the state (from a point-like particle to a multidimensional 
object) that is characterized by a vector (wave function) 
and also the complex numbers theory-related and the 

philosophy-related mathematical extension 













THE ELECTRONIC STRUCTURE AND THE ENERGY 
SPECTRUM OF THE SIX-ELECTRON CENTER

The symmetries and their representations group theory method 

that could in accordance with the experimental data help to 

describe in the adiabatic approximation the energy levels and the 

symmetries of stationary states of electrons was used for creating 

the precise spectral model of the NV – centers (Fig1)

Fig. 1

The atomic structure of a nitrogen-vacancy center in a diamond (NV-center) and the 

corresponding specters of the neutral 5-electron center, NV(0)

and the negatively charged 6-electrone center, NV(-)=NV, measured at the cryogenic 

temperature



The electron system of the NV – center of a diamond 
contains six electrons: one electron each deliver three 
atoms of carbon, С12 (the atoms with the nuclear spin 

I=0), two electrons are supplied by the nitrogen atom,  N14

(the atom with the nuclear spin I=1) and one electron is 
captured from the crystal medium of the diamond. As a 

result, the spin system of the NV – center includes spins of 
six electrons and spin of the nitrogen atom, N14 .

The electron-spin system of the NV – center was 
developed on the base of molecular models and the 

symmetries and the representations group theory. The 
crystal defect produced due to absence of one carbon 

atom and embedding into the diamond matrix instead of a 
neighboring one a nitrogen atom receives the point 

trigonal -symmetry formed by broken covalent bonds: 
three of the bonds with three carbon atoms and one with a 

nitrogen atom.  











Fig. 2

The electron orbitals for the unexcited ground-state, the excited- and double-

excited states

The electron orbitals, a1` a1, (ex, ey) (see Fig. 2) can be built in the crystal 

field of the defect in direct concordance with the reducible representation 

expansion Г=(4,1,2)=2(1,1,1)+(2,-1,0) of the 4-th broken bonds into the 

irreducible representations of the group. Two of those orbitals, a1` a1, are 

completely symmetric, can be transformed by the one-dimensional 

irreducible representation, A1=(1,1,1) and the double-reducible electronic 

orbital (ex, ey.) is transformed according to the irreducible representation 

E=(2,-1,0).

Six electrons from the unexcited ground-state, excited and doubly-excited  

negatively charged NV – center occupy the three electric orbitals ( Fig. 2).  















Fig. 3

The triplet-singlet (Maze) scheme of the NV-center electronic levels.

Optical transitions (through dipole interaction) are shown by solid lines,

nonradiative transitions (through the intermediate singlet states) are shown by 

dashed lines (Maze et al.)















Fig. 4

The possible scheme of splitting of the excited triplet states 

(owing to the fine spin-orbital and hyperfine  spin-spin interaction splitting



Fig. 5

The possible scheme of triplet states splitting

(owing to the fine spin-orbital interaction, the axial and the transversal  

dynamic mechanisms of the lattice that are able to modify the status of the -

symmetry of the NVcenter)



Fig. 6
a) the general scheme of the energy levels of the NV center, where the spin-spin, D=2,88 MHz, and D=1,4 MHz, 

triplet splitting into two, ms=0 and ms=±1, sublevels are shown for the ground, |g>, and the excited, |e>, states 

correspondingly. Energizing of magnetic field provides subsequent splitting of the levels from  ms=+1 and ms=-

1. b) the normalized emissive spectrum of the assembly of the neutral, NV0, and the negatively charged, NV 

centers excited by 532 nm laser light at the room temperature. The zero phonon lines of these centers are at 575 

nm and 837 nm correspondingly. c) example of time dependence of

fluorescence for the pure origin states ms=0 and ms=±1. d)e) the NV spectroscopy provided without a magnetic 

field d) and with it e) if the magnetic field B = 0, the resonance frequency is 2.87 GHz). Energizing of magnetic 

field splits the states ms=+1 and ms=-1 according to the Zeeman effect and correspondigly their resonance 

frequency proportionally to the gap between the energy states



According to the context of the NV center spin-electron levels, the quantum 

systems based on the two energy splitted states with different spin properties 

are investigated. Energizing of static and oscillating magnetic fields enables to 

rotate spins and modify the spin states of the NV center. So, the static magnetic 

fields, Bz, parallel to the axis of NV quantization initiate free precession and 

are able to change the angle φ on the Bloch sphere. Perpendicular to the 

quantization axis (Bx ,By) oscillating magnetic fields can modify the 

population and change the ϑ angle   on the Bloch sphere:

,

-level quantum systems as the electron qubit of the NV center, where the 

following definitions for the ground state 3A can be accepted: |g0 > -level with 

ms=0  |0>  and the double-degenerated |g1 > level, ms=±1 ->  |1>.  

Consequently, the probability of the corresponding transition, |g0 >->|g1 >, can 

be estimated.



where 2 cos (ω t) are the leading microwave oscillations. At resonance on the 

Bloch sphere this operation corresponds to rotations of the qubit around the 

axis OX:

So, the rotation on the Bloch sphere |0>->|1> corresponds to the π- impulse 

( t=π ), and rotation on the equatorial plane (XOY) - π/2 to the impulse 

( t=π/2 ). 



Fig. 7

The double-level quantum system control. The controllable Raby oscillations. 

The population of the double-level system  |0> ->|1>->|0>… oscillates under 

the control of the π –impuls microwave field (the Π-impuls).



Fig. 8

The double-level quantum system control (T2*).

The Ramsay fringes: (initialization)->π/2-> δt(evolution)->π/2->measurements



Fig. 9

The double-level quantum system control (T2*).

The Ramsay fringes: (initialization)->π/2-> δt(evolution)->π/2->measurements



Fig. 10

Spin energy-level diagrams for nitrogen and carbon atoms


