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Abstract.

Background. The proposed construction of a qubits as fragments of composite
nanostructured materials with quasi-zero refractive index allows to realize the reso-
nance energy transfer over long distances by selective excitation of one of the qubits
using the continuous ultraviolet radiation.

Materials and methods. A new construction of the qubit made of composite ma-
terial with quasi-zero-refractive index synthesized by us is represented. Qubit is a
fragment of this material with one silver nanoparticle inside a cylinder with a base

area 1-(28 nm)> and a height of 56 nm, which corresponds to 3 % of weight con-

tent of the silver in the composite material with uniformly distributed nanoparticles
with a radius of 2.5 nm.

Results. On the basis of the equations of motion for coupled quantum dipoles
and integro-differential equations for the electric field, a nonlocal problem was solved,
in which one qubit is excited by continuous radiation, and at the location of the other
qubit the local field is induced. The distance between the qubits is 5 m. Quantum in-
formation is transmitted due to entanglement of quantum states of qubits.

Conclusions. The article shows that the system of two qubits, which are frag-
ments of a composite material with a quasi-zero refractive index, is an ideal energy
transporter from one qubit to another over long distances. The new construction of a
qubit with nanofibers, allowing to implement selective excitation of qubits by exter-
nal radiation, was represented.

Key words: composite materials with a quasi-zero-refractive index, Ag-
nanoparticle cubit, quantum information, inversion and local dipole moments of cu-
bits, entanglement of quantum states, transfer of the quantum information between
cubits.
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CEJIEKTUBHOE BO3BYK/IEHUE KYBUTOB
U IIEPEJAYA KBAHTOBOM HH®OPMAIIMA
OT OAHOI'O KYBUTA K IPYTOMY

AHHOTALUA.

Axmyansnocmo u yeau. Ilpemnaraercs KOHCTPYKIUS KyOUTOB KaK ()parMEeHTOB
KOMITO3UTHOTO HAHOCTPYKTYPHOI'O MaTepuayia ¢ KBa3MHYJIEBBIM IMOKa3aTeleM Ipe-
JIOMJIEHUS, KOTOpasi MO3BOJIIET pealii30BaTh PE30HAHCHYIO MEpenady dHepruu Ha
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GospIe paccTOSHUS TPH CEJIEKTUBHOM BO30YXKICHUH OJHOTO M3 KyOHTOB HeTpe-
PBIBHBIM yIbTPaHOJIETOBEIM H3ITyYeHHEM

Mamepuanvr u memoout. IlpeacraBnena HOBast KOHCTPYKIMSA KyOUTa M3 CHHTE-
3UPYeMOTr0 HaMH KOMIIO3UTHOTO MaTepHuaja C KBa3HHYJIEBBIM IIOKa3aTeseM IIpe-
nomutenusi. KyOur npencrasnsier co0oii ¢pparMeHT 3TOro MaTepuaia ¢ OJHOW HaHO-
yacTHneil cepedpa BHYTPH IWIMHAPA C IIIOMAABI0 OCHOBAHUS TU- (28 HM)2 U BBICO-
TOW 56 HM, 4TO COOTBETCTBYET 3 % BECOBOMY COJEPXKAaHHUIO cepedpa B KOMIIO3UT-
HOM MaTepHase pu paBHOMEPHOM paclpeleIeHHH HAaHOYaCTUI] panycoM 2,5 HM.

Pesynvmamer. Ha ocHOBE ypaBHEHUI IBM)KEHHS [UIS CBSI3aHHBIX KBAHTOBBIX JIU-
noJied ¥ MHTerpouQPepeHIIMATBHOTO YPaBHEHHS JUIsl HAPSHDKEHHOCTH 3JIEKTpHYe-
CKOT'O TIOJISl pellieHa HeJOKallbHas 33/1auya, B KOTOPOW OJIMH M3 KyOUTOB BO30YXIa-
€TCsl HETIPEPHIBHBIM M3IIyUCHHEM, & BMECTE PACHOJI0KEHHs APYroro KyOuTa MHIY-
UpyeTcs JIoOKanbHOe moje. PaccTosHne mexny Kyouramu paBHo 5 M. I[lepemaua
KBaHTOBOM MH(]opMannu oOyclioBieHa mHepenyTeiBaHHEM (entanglement) kBaHTO-
BBIX COCTOSIHUIT KyOHUTOB.

Buigoowr. TlokazaHo, 9yTO cucTeMa M3 ABYX KyOWTOB, MPEACTABIIONIUX COOOMH
(hparMeHTHI KOMIIO3UTHOTO MaTepHaja, 00IaaaloMIero KBa3uHyJIEBBIM TIOKa3aTeIeM
MIPEJIOMJICHUSI, SIBIIAETCS WACAIBHBIM TPAaHCIIOPTEPOM SHEPrHUH OT OJHOTO KyOuTa
K JpyromMy Ha OoJiblliMe paccTosiHus. [IpeicraBieHa HOBasi KOHCTPYKLMs KyOuta
C HAaHOBOJIOKHOM, MO3BOJISIIOINAS PEATN30BaTh CEIEKTUBHOE BO30YXKICHNE KyOUTOB
BHEIITHUM H3ITy9ICHUCM.

KnioueBble cjI0Ba: KOMIO3WTHBIM MaTepHal C KBa3WHYJIEBBIM IOKa3aTelIeM
IpeNoMIIeHUs, cepeOpsiHas HaHOYACTHIA — KyOWT, KBaHTOBas HMHQopMarus, HH-
BEPCHBIE M JIOKAJIBHBIE JTUIOJIbHBIE MOMEHTHI B KyOWTax, MepenyThIBAaHUE KBaHTO-
BBIX COCTOSIHUH, ITepeaada KBAaHTOBOM HH(POPMAIMU MEX Iy KyOHUTaMH.

Introduction

Quantum information related to the solution of some problems such as the
transfer of quantum information at any distance, quantum teleportation, quantum
computing in a quantum computer, quantum cryptography, decoherence problem
[1-4]. The basis for the solution of these problems is the physical realization of a
quantum bit (qubit) as a physical system, enabling them to realize the selective ex-
citation without a noticeable influence of various random processes, to encode, to
store, to transmit information from one qubit to another, to record and to erase in-
formation. In quantum communication systems, information can be transmitted by
the physical transfer of a qubit - the information medium or by the teleportation of
the quantum state of the qubit [5]. Qubit can be represented as a quantum system

with two states |0> and |1> with energy E( and Ej, respectively. These basic
functions allow to submit the wave function of the qubit as follows:

11’=a|l>exp(—%EltJ+b|0>exp(—%Eotj, L=l o

0)=

where a and b are complex coefficients of quantum superposition, depending on

time in the field of excitation and satisfies the normality condition |a|2 +|b|2 =1.

Excitation of qubits by the electromagnetic fields allows to realize all quantum
states with different values of the inversion W as the difference between the proba-

bility of detection of the qubit in the excited and ground states (wz |a|2 —|b|2).
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This property of qubit is what fundamentally distinguishes it from the classical bits
of information, where only two states are realized, for example, in magnetic film
[1]. There are proposals of the physical realization of qubits, for example, using

. 1 : . o
nuclear or electron spins [/ = 5 [1, 2] or Ca*" ion composed of a single ionic crys-

tal [1]. There are other options of choice of qubit states [1, 2]. A large number of
experiments are performed on the qubit represented as a single photon with two or-
thogonal polarizations. Systems of photonic and atomic qubits are investigated ex-
perimentally in a resonator in cavity QED [6].

In this article we propose the construction of a qubit based on silver nanopar-
ticles (Ag-nanoparticle cubit), which is a fragment of a composite film made of
composite material synthesized by our technology [7]. This fragment is a cylinder
of glass or polymer 56nm in height and base radius of 28 nm (Fig. 1).The cylinder
is dimensioned so that at 3 % of weight content of the silver in the composite mate-
rial the average distance between nanoparticles of silver is equal to 28 nm. The op-
tical properties of the layer of the composite material with silver nanoparticles with
radius 2,5 nm are shown in [8, 9] using the experimental spectra of reflection and
transmission in the wavelength range from 400 to 1200 nm. The theoretical de-
scription of these spectra is represented in our works [8—11], which proved that the
synthesized materials have a quasi-zero refractive index and low absorption in the
wavelength range of at least from 400 to 1200 nm. Excitation of qubits with pro-
posed construction can be performed using the optical nanofibers, such as those de-
scribed in [12], wherein excitation of photons in the optical fiber of glass with a
facing of silver, was made by electron beam.

AN
—

glass —» e+ Ag-nanoparticle

Ag-facing of —p | glass

nanofibers

Exterpal
electiic
field

Fig. 1. Construction of Ag-nanoparticle qubit

The interaction between qubits by the optical circuit (Fig. 2) is described in
this work using a system of equations for coupled quantum dipoles [11] and the in-
tegral-differential equation for the electric field at different points of observation
both inside and outside of these nanoparticles in the far and near zone [13].We
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found a particular solution of these equations, which shows that the transfer of
quantum information from one qubit to another can occur at arbitrary distances be-
tween qubits. This mechanism of transmission of quantum information by selective
excitation of one of the qubits is significantly different from the quantum teleporta-
tion, where the two qubits simultaneously excited by pulsed field and the transfer
of quantum information over long distances is a result of quantum interference of
two qubits [5].

! R 2

)
external external
dipole electric
radiation field

Fig. 2. Optical circuit of selective excitation of qubits
by field of external radiation. R;, — distance between qubits

1. The equation of motion for two Ag-nanoparticle cubits as composite parts
The electric field strength E(r,¢)for different observation points for two
qubits is defined by the following equation [13]:

2
E(r,))=E;(r,t)+ ZIrot rot Nwd (2)
j=l

where E;(r,t) is the electric field strength of the external wave, R = |r’—r| is the

distance between the radius vector 7' inside of spherical qubits and the observation
point r, N is the concentration of free electrons in qubits, c is the speed of light in
a medium surrounding the Ag-nanoparticle and the quantum-mechanical average
d j =X exp(—iot) of induced electric dipole moments of qubits obeys the equa-

tions for coupled quantum dipoles:

X, =—iAX ——w ldof EOJ—LX 3)
1)

I * * 1
w; :E(XjEOj_XjEOj)_E(Wj_WO)ﬂ (4)

where A=wy—w is the detuning from the resonance frequency g, ® is the fre-
quency of the external field, d, is the transition dipole moment of the free elec-

trons in the Ag-nanoparticle cubit, W, is the inversion of the equilibrium state is
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equal to -1, 1/75"' is the width of the resonance at a frequency oy, W i is the in-

version of qubits, Ej; and E(, are a local fields without the factor exp(—iwt).
Values X;, X, and w; , w, of qubits in according to sense of equations (3) and
(4) can be represented by the coefficients of quantum superposition a;,b; and
a,,b, of qubits as follows:

Xl = Zdobikal 5 X2 = 2d0b;a2 , W = |a1|2 —|b1 2 , W = |612|2 —|b2|2 . (5)

When qubits are being excited by short pulses, the duration of which is much
less 75 ', last term on the right-hand side of equations (3) and (4) can be dropped,

resulting in the implementation of the following conservation laws during A =0

|X1|2 + W12d02 = d02 N X2|2 + W22d2 = d2 . (6)

2. Single-qubit transformations

The equations (3) and (4) allows us to define a single-qubit transformation
when Eq; =Eq;, ie local fields are converted to the external field. Consider the

case of pulsed irradiation one of the qubits, for example, qubit 1 by external field.
Suppose that the pulse duration is much less time 7>'. Then for qubit 1 we have

(omit the index 1):

X =—iAX—%w|d0|2 Eq/. ©)

w:%(X*EOI—XES[). ()

The values X and w are defined as the quantum-mechanical average of the
Pauli matrices o,0,,03 in the energy space with the help of the wave function
(1). Herewith

<‘I‘|Gl|‘1‘> =a'b+ba=u, <‘I’|(52|‘I’> = —i(a*b—b*a) =v,
(Wlos|¥) =af’ ~[p =w, 9)
and the value X is defined as
X =dg(u—iv)exp(—iot) = 2dgab’ exp [—%(El -E )tj ) (10)

The functions u# and v change over time much more slowly than
exp(—iwr) and obey to the law of conservation

i +w? =1, (11)

The coefficients of superposition a and b can be represented as

a= |a|ei(p" , b= |b|ei(pb . (12)
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Also these coefficients can be identified through the variables u,v,w

2 2 2 2
a=2(w+|b| )b:w+|b| ei@a,b:2(|a| —w)a:|a| -

oo 13
u+iv |a| u—iv |b| - (13)

The equations of motion for the variables u,v and w with accordance to
equations (7) and (8) in the case of the exact resonance A =0 take the following
form:

=0, v=wyEy, w=—xEyv, (14)
where x =(2/7)|dy'

E(; is the real amplitude of the external wave parallel to the vector d,".
The pulse area can be represented as

, dg'- the real part of the transition dipole moment d;,

t
o(t)=x | Eos(t)ar". (15)

Then the solution of (14) takes the following form:
u(t) =u(0), v(r) =w(0)sinO(¢) + v(0)cos O(¢) ,
w(t) =—-v(0)sinO(¢) + w(0)cos O(¢) , (16)

where u(0), v(0), w(0) are values of functions u, v, w at the initial time 7 =0. If at
the initial time w(0)=-1, than, according to the law (11), we have
u(0)=v(0)=0. The pulse area (15) can be regarded as the angle of rotation of the
Bloch vector p (u,v,w) in the energy space. For rectangular pulse ©=yxFE;t,
where t1- pulse width. At © =7 we have w(t)=1, i.e. the operation NOT is im-
plemented , as

NOT|0)=|1), (17)

when the qubit is transferred from the ground to the excited state. Other quantum
states of the qubit according to the equation (13) can be implemented by changing
the pulse area © .

In a field of continuous radiation instead of equations (14) using (3), (4) for
one qubit, when A # 0 we obtain the following equations:

u=-Av—(u/Ty'), v=~Au+xEyw—(v/T5"), W:_XEOIV_(WT_-'-,IJ- (18)
2

The stationary solution of this system of equations under the conditions
u=v=w=0 is:
(AT, Y(xEo T ") . xEor '
n2 n2 27
1+ (AT )" + (T2 )" (xEor)

u= s
1+(ATy ) +(Ty ) (xEor)*

1+ (AT, ")?
- "2 "2 2
1+ (AT, ) +(T )" (xEoy)

(19)

w=
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When
20,
(xEop ) (Ty')? << 1 (20)

according to the solution (19), a qubit inversion does not change and it is equal to
wy =—1. In this case, under the influence of a low-intensity excitation only quan-
tum information in the qubit will be changed which is associated with a phase of
the qubit in accordance with formula (13) for the coefficients of the quantum su-
perposition. In intensive field in case of violation of conditions (20) both amplitude
and phase quantum information of the qubit will be changed, herewith, to define
phase quantum information of the qubit, it is necessary to use interference meas-
urements. Full definition of the state vector is called quantum state tomography [2].

3. Selective excitation of the qubits by the field
of continuous radiation. Two-qubit transformation

Consider the stationary solution of equations (3), (4), under the conditions
X=0, 1w;=0. (1)

These conditions can be implemented by stationary excitation of one of the
qubits, for example, qubit 2 by external continuous radiation. In this case of selec-
tive excitation of qubit 2 the local fields according to the equation (2) can be repre-
sented as follows:

EOI = deRN-l_XlaTNﬂ E02 = EO[ +X1dRN+X2aTN , (22)

where E; is the amplitude of the external wave, dp and ay are external and in-

ternal geometric factors, which for spherical nanoparticles are calculated using the
appropriate procedure for transitions from the volume integral to a surface by using
the Green's theorem [14]. For spherical nanoparticles of small radius as such that
kga << 1, we have the following expression for the geometric factor ay :

ar =—4?n(1+ikoa), (23)

where ky =(w/c)nys, cis the speed of light in vacuum, n;, is the refractive in-

dex of the sphere surrounding the silver nanoparticles in the qubit. Diagonal tensor
ag was calculated for observation points outside the spherical nanoparticles and af-

ter appropriate calculations it takes the following form:

y 4nA 2 2iky ) kR
R=—3 3 |3 2 )¢
nky’(n” =1)\ R R
. 2\
nkg’(n”“ -1 R° R® R
where
A =—ncos(kgna)sin(kya) + cos(kya)sin(kgna) . (25)
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Let us define the refractive index n by following [8], with the formula:

n2—l _4_TE Noaeﬁq+Nm(xm
n?+2 3 1-B(NoOeyq+ Nyoty)’

(26)

where ¢ is the number of free electrons in the silver nanoparticles, N,,, o, are

the concentration and the polarizability of the molecules in the matrix of the com-
posite, Ny is the concentration of silver nanoparticles in the composite, oz is the

effective polarizability of the free electrons in the silver nanoparticles,

Olof = L, o is the quantum polarizability
1- aTNOL

2d,2 1
o==0

h owy-0-(G/T") @7

B is the structural factor that takes into account the discrete distribution of nano-
particles within an imaginary sphere surrounding the observation point. We will
explain the meaning of the structural factors in the assessment of the final results.
We consider the interaction of two qubits at a great distance between the
qubits such that kyR;, >>1. In this case, in the external geometrical factor (24) is
sufficient to take into account only the terms proportional to 1/ R, which corre-
sponds, for example, the x — component of the tensor. In line with this we will
consider only the x — component of the external and local fields in the equation
(22). For a small radius of nanoparticles kya << 1 under the condition of exact res-

onance ®=w, we have:

_2nkhy) (0 +2) ikgr, 240 Wy _ 2w

0 7
=0T, ky=—0=2= 28
3(n% —1)kgRy5 o2 e 29

ag =

From equation (3) under the condition (7) we have the following equality
Xl = —WI(XE()] 5 X2 = —Wz(XEoz . (29)
Therefore, solving the system of algebraic equations (8), we obtain the fol-

lowing expression for the local field at the center of nanoparticles in the qubits 1
and 2:

wyoax N
Egy =—Ep; K —, (30)
(I+waarN)A+wyoarN)—wiw,(apNov)
By = By L G

(1+ w0y N)(1+ wyoiar N ) — wws (a§ Noy*

Single-qubit operations describe the rotation of the vector p(u,v,w)of indi-
vidual qubit, where the components of this vector is uniquely connected with the
coefficients of the quantum superposition associated with (13). Two-qubit opera-
tions involve the interdependence of states of two qubits, a some kind of control of
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one qubit (controlled) by another (controlling). This interdependence requires
physical interaction between the qubits, which can be turned on at the time of the
operation, or can be constant. It is important, as discussed in this article, to be able
to selectively excite the individual qubits by the external field.

With continuous irradiation of one of the qubits by resonant radiation the co-
efficients of quantum superposition of qubit can be expressed in terms of variables
u,v and w of qubit (omit the index of qubit) according to the expressions:

X exp(—iot) = 2dgab" exp(—ioyt) =
=do(u—iv)exp(—iot) = —woEqexp(—ior). (32)

From these expressions using (11) - (13) we obtain that:

2
202D o, o
u+iv
laf* = w b, eh
2 2
2(w+|b| )(al” = w) e (@a=®) =y gy (35)

a4

Using equations (33) and (34) we will define |b| and |a|, respectivetly,
through the u,v and w, and using (35) we will define the phase difference of the
states |a> and |b> of the qubit.

4. Entanglement and resonance energy transfer
in the system of two qubits with selective excitation
of one of the qubits by the field of continuous radiation

Consider the property of the solution (30), (31), in which the entanglement
of the qubit state allows to achieve the transfer of quantum information between
qubits over long distances between qubits. The entanglement of quantum states of
qubits in this decision reflected in the fact that the local fields at the location of
qubits 1 and 2 depends on inversion of both 1 and 2 qubits. This means that the se-
lective excitation of qubit 2 is detected at the location of the qubit 1 due to induc-
tion at the location of the qubit 1 the local field, and hence the local induced dipole

moment X7, =—w;0Ey; . The induction of a local field Ej; is getting weaker with

the distance between the qubits, if qubits 1 and 2 are represented as silver nanopar-
ticles in vacuum. Let us consider the qubits 1 and 2 as fragments of a composite
material with a quasi-zero refractive index.

Consider the property of the solution (30), (31), wherein the induction of lo-
cal moments at the location of qubits 1 and 2 not decreases with increasing distance
between qubits, and vice versa, even increases. For this it is necessary to consider
conditions under which part of the denominator in (30), (31)

(1+W1(XOTN)(1+W20(LZTN):O. (36)
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vanishes. For this it is necessary that one of the factors in (36) becomes zero. If this
ratio is (1+wjoarN), it will lead to the fact that the induction of the local field at

the location of qubit 2 will become impossible, ie Ep, will be zero. Therefore, to
satisfy the equation (36), we assume that

(14+wyoarN)=0. (37)
from which we obtain the value of a inversion for qubit 2

1

T @n/3)oN (%)

w2

The second value of w,, which correspond to the solution of the equation
Re(1+wyayoN)=0 when kpa <<1 gives the value w, >>1 that contradicts the
physical significance of inversion.

Thus, the qubit 1, which is in the ground state w; =—1 prior to the moment,
when the excitation field, at the position of the qubit 2, will be turned on, can get
quantum information which is defined by the inversion (38). When the equation
(37) is true, a local induced dipole moment of the qubit 1 takes the following form:

2EjRyyi

Xy =0
(13k02

(39)

Local induced dipole moment of the 2nd qubit wherein, in accordance with
the solution (31) and the condition (37) is equal to:
o AEO1 (L maraN) Ry

Xoy=—
3, 20
wy(a’ky™)

(40)

In the formulas (39), (40) takes into account only the terms of the external
geometric factor (24), which are dominated for large distances between qubits.
Formulas (39), (40) demonstrate the ability to transmit quantum information over
long distances between the qubits, due to the effect of quantum teleportation. In-
version of qubit 2 is given by (38) and it is close to the value of 1, and inversion
wy of first qubit can take different values from —1 to +1, including w; =0.

As follows from (39), (40), the induced dipole moment of qubits 1 and 2 in-
creases with increasing distance between qubits. However, there is a limit to the
values Ej; and Ep, of local fields in the center of qubits, which follows from the

equation (4) for the inversions w; and w, . For stationary solutions of equations
under conditions (21), from (4) we obtain the limit of values of the fields £j; and
E())Cz .

2_(W/T)(w +1)

X X 2_(h/T2')(W2+1)
Epy o Epp ——W2|a| : (41)

b

Consider qubits, as fragments of composite material with a quasi-zero refrac-
tive index. In [8] a formula for the refractive index of the material, which has a
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form (26), was obtained. Following [8], we obtain the following expression for the
structure factor in (26):

p= N—O(%j MZ_ (42)

Where 7, is the distance from the observation point at the center of an imag-
inary sphere to a silver nanoparticle with index a, n,, is the refractive index of

the matrix of the composite. When the weight of silver content in the composite is
equal to 3% [7], the radius of silver nanoparticles @ =2.5 nm and concentration of

nanoparticles Ny =0.4555- 1017 em™
sphere whose radius is significantly smaller than the wavelength Ay =300 nm,

is uniform, we obtain that at the imaginary

there are 26 silver nanoparticle. Then the structure factor 3 =21.42 if the refractive
index of the matrix composite n;, =1.49. Let us define value |(1|N when the re-
fractive index of the composite becomes to zero. As follows from formula (26), this
will happen if the following equation is true:

8 NoOeyq+ Nyt

3 1-B(Notegqg+ Ny, am)

(43)

Then we find that

8
1-BN,,0,, +?Nmam
Nlo|= = = (44)
—(1=BN 00, +?Nmam)|aT|+BNOVO =5 Moo

where V) = %aS is the volume of spherical silver nanoparticles. For a =2.5 nm

and N,oa, =0.077, N |(x| =— therefore inversion of 2nd qubit, according

(4m/3
to formula (38) is about w, = —1, that is close to the equilibrium value.

Finally, let us calculate the maximum distance R;, between qubits, at which
there is a resonance transfer of the energy from qubit 1 to qubit 2. For this we will

use the maximum value of the local field £y, in accordance with the formula (41).

When wy =1 and 1/7,' =10 s™! we obtain the value =4.9.10°SGSE and

the maximum distance between qubits R;; =519 cm if the external field, which

selectively excite a qubit 2, is small or equal |Ej;|= 10 °SGSE .

Conclusions

So, in this article was shown that the system of two qubits, which are frag-
ments of a composite material with a quasi-zero refractive index, is an ideal energy
transporter from one qubit to another over long distances. A new construction of a
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qubit with nanofibers that allows to implement selective excitation of qubits by ex-
ternal radiation, was represented. The resonance transfer of energy from one qubit
to another with selective excitation of one of the qubits by external radiation results
in a change of qubits inversion and induction of local electric dipole transitions of
qubit 1(qubit-observer) and the qubit 2 (qubit- inductor). Qubit 2 is being irradiated
by external radiation and it is induces a local field at the location of the qubit-
observer 1, located at a great distance from the qubit-inductor 2. This means that
there is a transfer of quantum information that is obtained by applying the coeffi-
cients of quantum superposition by (13).

Resonance energy transfer between the qubits is described using the result-
ing solutions (30), (31) and equation of motion (2), (3), (4). Due to the entangle-
ment of quantum states of qubits and coherence in the system of qubit caused by
the zero refractive index of qubits, the local field at the location of qubit-observer

achieved an increase in 4.9-10'! times, at the distance between the qubits
Rj» =519 cm if inducing field at the location of the qubit-inductor is small. The
law of conservation of energy in this case is represented as follows:
2 4 RZ 2
(E())C[) Z—RZ h(,l)oWl —ém%%(Eg[) Xls,
T c ( Na> koz)

where V' is the volume of the quantization of the electromagnetic field, AQ is the

solid angle in the direction of dipole radiation of qubit 1. If dipole radiation of
qubit 1 is emitted in the direction of nanofibers attached to qubit 1 (fig.1), then

AQ=0.2461-10""r and the electric field strength Ej; exciting the qubit 2, in

accordance with the law of conservation of energy (45) is equal to small value
ES;=3.14-10%SGSE if Vg =1cem®, wy =1, Rj, =519 cm .

Thus, the proposed construction of a qubits as fragments of composite
nanostructured materials with quasi-zero refractive index allows to realize the res-
onance energy transfer over long distances by the selective excitation of one of the
qubits using the continuous ultraviolet radiation. The proposed construction of
qubits, in our opinion, can be applied to the implementation of quantum computing
in a quantum computer, where the transmission of quantum information over long
distances is not required. Herewith it is necessary to define logical operations NOT
and CNOT under the influence of short radiation pulses, and this is what we will
devote our next article.
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