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in the 3-scheme of degenerated levels
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The conclusions of a theoretical study of the phenomenon of electromagnetic induced transparency with elliptical

polarization of probe and control pulses are reported. The resonant medium is modeled by the 3-scheme of

degenerate transitions between the 3P0,
3P1 and 3P2 levels of the 208Pb isotope. It is assumed that at the entrance

to the medium the probe pulse has a significantly lower intensity and duration than the control field pulse. It is

shown that in the medium the probe pulse splits into two elliptically polarized pulses propagating independently of

each other. The major axis of the polarization ellipse of one of them is parallel, and the second is perpendicular to

the major axis of the polarization ellipse of the control radiation. The speed of movement of a pulse of the second

type is significantly less than the speed of propagation of pulses of the first type. Both of these speeds, due to the

phenomenon of electromagnetically induced transparency, are significantly less than the speed of light in a vacuum,

As the probe field propagates in the medium, its components shifts toward the trailing edge of the control pulse.

Reducing the intensity of the control field in the area where the components of the probe radiation are located

reduces the effectiveness of the phenomenon of electromagnetic induced transparency. This leads to an increase in

the energy loss of the probe radiation and its attenuation. Due to the fact that pulses of the second type have a

lower propagation speed, they fall into the region of the trailing edge of the control pulse earlier than pulses of the

first type. Therefore, a pulse of the second type penetrates into the medium at a shorter distance than a pulse of

the first type.
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Introduction

Destructive interference of the probabilities amplitudes of

quantum transitions between energy levels during resonant

excitation of the medium by coherent laser radiation leads to

a number of important effects, a special place among which

belongs to the phenomenon of electromagnetically induced

transparency (EIT) [1–3]. EIT research has served the basis

for the key practical applications, such as creation of optical

memory systems [2] and quantum communications [2,4,5],
quantum information systems [1–3], devices for precise

measurement of magnetic fields [6], devices for precise

time measurement [7]. The use of EIT phenomenon allows

creating large optical nonlinearities [3,8] and implementing

enhanced radiation without populations inversion [9]. The

features of EIT have been studied in the correlated quantum

gases [10], in the radio band [11], on impurities in photonic

crystals [12], near nanofibers [13], and in a test field

with orbital angular momentum [14], in terahertz meta-

material [15], on quasi-bound states in continuum [16].

The phenomenon of EIT in case of degenerated energy

levels leads to a number of effects related to the polarization

characteristics of interacting radiation. In [17,18], the EIT-

associated rotation of the probe field polarization plane

was theoretically and experimentally studied for the case of

change in the control radiation intensity, and in [19,20], the
influence of a permanent magnetic field on the evolution of

the probe radiation circular components was theoretically

and experimentally studied. Linear and circular birefrin-

gence of a probe field under EIT was studied theoretically

and experimentally in [21]. The possibility of propagation

of a probe field in the form of two modes with different

polarization states was predicted theoretically in [22] .

[23,24] outlines the findings of theoretical studies of

birefringence which goes along with EIT during elliptic

polarization of the probe and control fields at the entrance of

resonance medium. The studies in these papers were limited

by the assumption of the stationary nature of the input

control radiation. These studies outlined the 3-scheme of

quantum transitions between the degenerated energy levels
3P0,

3P2,
3P0

1 of isotope 208Pb. In pairs of this isotope the

EIT of elliptic polarized laser pulses were observed [25,26].
It was shown by analytical methods in [23,24] that a probe

pulse in a medium can be represented as a sum of elliptically

polarized normal modes propagating independently of each

other.

The assumption of the control field stationarity excludes

from consideration the situations often realized in practice

when EIT is initiated by short laser pulses.. The following

report presents the results of a theoretical study of EIT
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phenomenon at the same quantum transitions as in the

paper [23], but provided that the control field is pulsed.

1. Setting the boundary value problem

The reviewed 3-scheme consisting of the non-degenerate

lower level 3P0, five-times degenerate medium level 3P2

and a three-time non-degenerate upper level 3P0
1 is given in

Fig. 1. The level 3P1 is associated with the upper and middle

levels of 3-scheme by means of electro-dipole moments, but

not included in 3-scheme. The values ω1 and ω2 represent

the natural central frequencies of inhomogeneously broad-

ened quantum transitions. Relaxation processes connecting

the excited levels of 3-scheme with the level 3P1 lead to a

decrease in the total number of atoms at its levels and an

additional broadening of spectral lines.

Let’s assume φk (k = 1, 2, . . . , 9) — an orthonormal

set of general eigen functions of Hamilton operators, the

square of the angular momentum, and the projection of the

angular momentum onto the axis z . Function φ1 describes

the state 3P0 (M= 0), functions φk (k = 5, 6, . . . , 9) relate

to the states 3P2 (M = −2,−1, 0, 1, 2) respectively, and

functions φk (k = 2, 3, 4) — respectively, correspond to

the states 3P0
1 (M = −1, 0, 1) (Fig. 1). Let’s assume D1

and D2 — the given reduced electrodipole moments of

transitions 3P0 → 3P0
1 and 3P2 → 3P0

1 respectively, while ω1

and ω2 (ω1 > ω2) — frequencies of these transitions for

the resting atom. Given the resonance medium is itself

a rarefied gas, let’s introduce the designation T1 = 2/11,

where 11 — width (by level of e−1 height) density
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Figure 1. Energy levels of 3-scheme (continuous lines); digits on
the right of the level line — the numbers of states relating to this

level according to the theoretical model.

of distribution g(ω′

1) of frequencies ω′

1 of the quantum

transition 3P0 → 3P0
1 because of Doppler effect

g(ω′

1) =
(

T1/
√
π
)

exp
[

−T 2
1 (ω′

1 − ω1)
2
]

.

The electric field strength of two laser pulses propagating

along the z axis is represented as E = E1 + E2, where

El = µl

[

iExl cos(ωlt−k lz +δxl)+jEyl cos(ωlt−k lz +δyl)
]

,

l = 1, 2. (1)

Here El and ωl — strength of electrical field and

radiation frequency carrier, i and j — axis-unit vectors x , y ;
Exl, Eyl — amplitudes x and y of the fields compo-

nents. The values δxl , δyl describe the phase modulation

of these components, µl = ~
√
2l + 1/(|Dl |T1), k l = ωl/c .

According to EIT theory terminology, at l = 1 formula (1)
describes the probe radiation and at l = 2 – control

radiation [1–3].

Let’s define the values f l and g l by equalities

f l =
[

Exl exp(iδxl) − iEyl exp(iδyl)
]

/
√
2,

g l =
[

Exl exp(iδxl) + iEyl exp(iδyl)
]

/
√
2. (2)

According to [27], f l and g l are called amplitudes of

the left-side and right-side circular components of the probe

(l = 1) and control (l = 2) fields. Let’s present the wave

function of the atom as

9 = c1φ1 +

( 4
∑

k=2

ckφk

)

exp(−iξ1) +

( 9
∑

k=5

ckφk

)

× exp
[

−i(ξ1 − ξ2)
]

,

(k = 1, 2, . . . , 9) — amplitude indicators of the quantum

states populations probability, and ξl = ωlt−k lz , l = 1, 2.

Let’s denote the values by the following relationships:

c1 = p∗

1c1, c2 = c2, c4 = c4, c5 = p2c5,

c7 = (1/
√
6)p2c7, c9 = p2c9,

where pl = 2Dl/|Dl| l = 1, 2. Let’s denote the normalized

independent variables s and w :

s = z/z 0, w = (t − z/c)/T1; z 0 = 3~c/(2πN|D1|2T1ω1),

where N — concentration of atoms. Using Maxwell and

Schrodinger equations, we obtain the following system of

equations in the first approximation of the slow envelope

Technical Physics, 2025, Vol. 70, No. 5



918 O.M. Parshkov

method:

∂ f 1

∂s
=

i√
π

+∞
∫

−∞

c1c
∗

2 exp(−ε21)dε1,

∂ f 2

∂s
= − i√

π
ξ

+∞
∫

−∞

(c∗

4c9 + c∗

2c7) exp(−ε21)dε1,

∂g1

∂s
= − i√

π

+∞
∫

−∞

c1c∗

4 exp(−ε21)dε1,

∂g2

∂s
=

i√
π
ξ

+∞
∫

−∞

(c∗

2c5 + c∗

4c7) exp(−ε21)dε1,

∂c1

∂w
= −i( f 1c2 − g1c4),

∂c2

∂w
+ iε1c2 = − i

4
( f ∗

1c1 + g∗

2c5 − f ∗

2c7) − γc2,

∂c4

∂w
+ iε1c4 =

i
4

(g∗

1c1 − g∗

2c7 + f ∗

2c9) − γc4,

∂c5

∂w
+ i(ε1 − ε2)c5 = −ig2c2,

∂c7

∂w
+ i(ε1 − ε2)c7 =

i
6

(g2c2 − g2c4),

∂c9

∂w
+ i(ε1 − ε2)c9 = i f 2c4, (3)

where

ε1 = (ω′

1 − ω1)/11, ε2 = βε1,

ξ = 0.6β|D2/D1|2, β = ω2/ω1.

The system of equations (3) doesn’t contain the ampli-

tudes c3, c6 and c8, which is consistent with the selection

rules (1M = ±1) for transition under the action of circular

field components (1). The terms −γc2 and −γc4 are

phenomenologically introduced into the equations for c2

and c4 to account for the spontaneous decay of the upper-

level states of the studied 3-scheme. Here γ = T1/(2τ ),
where τ — radiation time of life of level 3P0

1.

The boundary conditions for the system (3) and results

of its solution may be conveniently expressed as parameters

a l, αl, γl of polarization ellipses (PE) of the probe (l = 1)
and control (l = 2) radiation. Here a l — semi-major axis

of PE measured in units µl, αl — angle of its inclination to x
axis in radians, γl — compression parameter (0 ≤ αl < π,

−1 ≤ γl ≤ +1). These values as well as one of the

variables δxl, δyl , unambiguously define the values f l and g l

expressed from the formulae (2) [27]. It should be noted

that |γl | is equal to the ratio of the minor axis of PE to

its major axis, and the polarization is right (left) elliptical

at ifx83xe (γl > 0).

The system of equations (3) is supplemented by the

boundary conditions

a l = a l0, αl = αl0, γl = γl0, δs l = δxl0;

s = 0, w ≥ 0; l = 1, 2. (4)

Here, a l0, αl0, γl0, δxl0 — functions of w describing the

evolution of a l , αl , γl , δxl on the input surface s = 0 of

the resonance medium. It is suggested that in the initial

moment of time w = 0 all atoms 208Pb are located at the

lower energy level of 3-scheme.

2. Normal modes

In paper [23], the system (3) was simplified under the

assumption of a weak probe field compared to the field

of control radiation, i.e. when the following condition is

fulfilled

v =
√

E2
x1 + E2

y1

/ √

E2
x2 + E2

y2 ≪ 1. (5)

The analysis of the system of equations from (3) in the

first approximation with respect to a small parameter v

resulted in the following conclusions. The pulse of the

control field propagates in a medium at the speed of light

in a vacuum without changing the shape of the envelope a2

and its other characteristics. The probe radiation is the sum

of normal modes propagating independently of each other.

Normal modes are intrinsic elliptically polarized waves. The

main axis of the polarization ellipse of one of the normal

modes is parallel to the main axis of PE of the control

radiation, whereas the main axis of PE of the other normal

mode is perpendicular to the latter. These modes are further

referred to as parallel and perpendicular modes, respectively.

The compression parameters γ1 of parallel and perpen-

dicular normal modes are the same in modulus, opposite

in sign, and independent of s and w . These values depend

only on the compression parameter γ2 of PE of the input

control field. The value γ1 for the parallel normal mode is

found from the ratio

κ = −p +
√

p2 + 1, κ = (1 + γ1)/(1− γ1),

p = 10γ2/(1− γ2
2 ). (6)

This paper describes a technique for representing the

probe pulse as a sum of normal modes on the input surface

of the medium (s = 0). This technique allows expressing

the characteristics of each mode, namely the values a l0, αl0,

γl0, δxl0 on the input surface of the medium through the

corresponding characteristics of the total input probe pulse.

On the input surface, the pulses of normal modes overlap

in time, forming an input probe pulse. However, due to

the difference in the propagation velocities of the modes,

the pulse of the probe field in the medium splits into two

separate pulses representing each normal mode. It should

be stressed that values αl0, γl0, δxl0 for each mode and do

not depend on variables w and s .
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Figure 2. Evolution of values a1 (thick lines), γ1 (thin lines) and α1 (dashes) at s = 0 (a), 250 (b), 300 (c), 400 (d).

In the mentioned study, it was assumed that all char-

acteristics of PE of the input control field, including the

number and values of a20, are constant. This is only

possible if continuous laser radiation is used as a control

field. However, it is clearly seen that everything said above

about normal modes remains true even with the pulsed

nature of the control field until condition (5) is fulfilled.

3. Numerical results

The conclusions of the normal mode theory are based

on the analysis of the system of equations (3) in the first

approximation with respect to a small parameter v (5). To

confirm these conclusions and obtain new information about

the features of EIT phenomenon, the results of numerical

solution of the initial system of equations (3) are given

below when specifying the boundary conditions (4).

In the studied 3-scheme β = 0.7, ξ = 2.1,

τ = 5.6 ns [28]. At T ∼ 950−1200K the dimensionless

unit of time w corresponds to 0.16 ns. The dimensionless

unit of distance s significantly depends on temperature. At

T = 1000K it corresponds approximately to 0.01 cm, and

at T = 1100K it is decreased to about 0.002 cm. The latest

estimates are valid for saturated vapors of 208Pb isotope

and are based on the data from the reference book [29].

3.1. Opposite directions of the elliptic
polarizations of input pulses

Let’s define the boundary conditions (4) as follows:

a10 = 0.2sech[(w − 500)/5], α10 = π/6,

γ10 = −0.5, δx10 = 0; (7)

a20 = 6.65sech[(w − 500)/100], α20 = 0,

γ20 = 0.3, δx20 = 0. (8)

According to (7) and (8), the magnitudes of the main

axes of input fields’ PE vary according to the inverse

hyperbolic cosine law, and the fields have no phase

modulation. The input probe pulse has a right-side elliptic

polarization, and the input control pulse has a left-side

elliptic polarization. The angle between the large axes of

PE of the probe and control fields is equal π/6.

At T ∼ 1000−1200K the duration of the input probe

pulse to the level of half the maximal intensity was

approximately equal to 1.5 ns, and its peak intensity was

about 70W/cm2. The duration of the input control pulse to

the level of half the maximum intensity is about 30 ns at a

peak intensity of about 20 kW/cm2.

The curves of a1, α1 and γ1 are given in Fig. 2 for the

four values of s .
Figure 2 shows that the input probe pulse splits into

two pulses in the medium. At s = 300 in the region

Technical Physics, 2025, Vol. 70, No. 5
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Figure 3. Evolution of values a1 (thick lines) and I2 (thin lines) ats = 300 (a) and 940 (b).

where the first of them is located (left-hand pulse) α1 = 0,

and in the region where the second one is located (right-
hand pulse) a1 = π/2. Parameters γ1 calculated by formu-

lae (6) provides γ1 = −0.7415 for the parallel normal mode

and γ1 = 0.7415 for the perpendicular mode. These values,

with an accuracy of three decimal places, coincide with

those obtained by numerically solving the system (3) for the
first and second pulses in Fig. 2, c, respectively. Therefore,

the first pulse is its own parallel normal mode, and the

second — is perpendicular to the normal mode. Figure 2

shows that the velocity of propagation of the parallel mode is

greater than the velocity of propagation of the perpendicular

mode. This was described in [23].

It should be noted that at s = 400 in the region w > 600

the curve a1 practically coincides with the abscissa axis.

The values of α1 and γ1 in this region are not constant.

Consequently, at large distances in the range of large

values w, the probe radiation does not have properties

of the perpendicular normal mode. The parallel normal

mode propagates over a much greater distance in the

medium and begins to collapse, as will be shown below,

at s > 1500. The system of equations (3) was solved

when replacing in the formulae (8) the boundary condition

for a20, corresponding to the pulse nature of the input

control field, by condition a20 = 6.65. The last condition

describes continuous input control radiation. Omitting

the details of this calculation, we note that in the case

of continuous control radiation, both normal modes at a

distance of s = 2000 lose more than 6% of their energy in

the medium.

The reason for the attenuation of modes with a pulsed

control field is as follows. When the condition (5) is fulfilled
the pulse of control radiation propagates in a medium at

the speed of light in the vacuum. The pulses of normal

modes have significantly lower propagation velocities. For

instance, near the input surface at T ∼ 950K the speed of

parallel normal mode is about 16 times less than the light

speed in vacuum, and the speed of perpendicular mode —
is about 40 times less. Therefore the modes pulses are

shifted towards the trailing edge of the control pulse. As a

result, each of them falls into an area where the intensity

of the control field is insufficient for the occurrence of

EIT phenomenon. Whereas the process of single-photon

resonance interaction of modes with transition between the

levels 3P0 and 3P0
1 leads to their fast destruction and decay.

The speed of the perpendicular mode is less than that of

the parallel mode. Therefore, it first enters the region of a

weak control field and penetrates the medium at a shorter

distance than the parallel mode.

In Fig. 3 the thick lines indicate the curves of a1 at

distances s = 300 and 940. Thin lines denote the curves

of intensities I2 of control radiation measured in units

cµ2
1/(8π). Fig. 3, a corresponds to the distance where

maximal value a (1)
1m of the quantity a1 of the perpendicular

mode is by order less than the value at s = 0. Fig. 3, b

corresponds to the distance at which the maximal value a (1)
1m

of a1 is decreased by the same number of times for the

parallel normal mode. In both cases, as follows from Fig. 3,

these modes are detected in the region of small intensity of

the control pulse.

The calculation by formulae from [23] demonstrates that

parallel normal mode at the input surface (s = 0) has the

following characteristics:

a10 = 0.1728sech[(w − 500)/5], α10 = 0,

γ10 = −0.7415, δx10 = 0.2007, (9)

and the perpendicular mode has the following characteris-

tics:

a10 = 0.0488sech[(w − 500)/5], α10 = π/2,

γ10 = 0.7415, δx10 = −1.265. (10)

Fig. 4 shows the curves of a1, α1 and γ1 obtained when

solving the system with each of the boundary conditions (9)
and (10). Fig. 4, a illustrates that normal modes are

overlapped on the input surface. At a distance s = 250

(Fig. 4, b) the pulses of modes are spatially separated

and the combined graphs of a1 curves of normal modes

practically coincide with the curve a1 in Fig. 2, b. Also

in Fig. 2, b and 4, b the values of α1 and γ1 coincide in the

regions of location of the appropriate normal modes.
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Figure 4. Evolution of values a1 (thick lines), γ1 (thin lines) and α1 (dash) at s = 0 (a), 250 (b); 1 — parallel normal mode,

2 — perpendicular normal mode.
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Figure 5. Evolution of values a1 (thick lines), γ1 (thin lines) and α1 (dashes) at s = 0 (a), 250 (b), 300 (c), 400 (d).

3.2. Identical directions of elliptical polarizations

The boundary conditions for the system of equations (3)

now differ from the conditions (7), (8) only by the fact that

γ20 = −0.3. In this regard, the input pulses of the probe

and control fields have a right-side elliptical polarization.

The curves of a1, α1 and γ1 are shown in Fig. 5 for

the four values of distance s . On the input surface, the

probe pulses have the same characteristics as in the case

of different directions of elliptical polarizations of the input

fields. Fig. 2 shows that the parallel mode for which α1 = 0

propagates in the medium with a higher speed than the

perpendicular mode for whichα1 = π/2. Near the input

surface the condition a (1)
1m < a (2)

1m is fulfilled (Fig. 5, b). Let’s
bear in mind that in case of different directions of elliptical

polarizations of similar fields an opposite situation occurs

(Fig. 2, b).

The perpendicular mode shifts towards the trailing edge

of the control pulse faster than the parallel mode and decays

faster in the medium. Therefore, at large distances the ratio

Technical Physics, 2025, Vol. 70, No. 5
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Figure 6. Evolution of values a1 (thick lines), γ1 (thin lines) and α1 (dash) at s = 0 (a), 300 (b); 1 — parallel normal mode,

2 — perpendicular normal mode.

a (1)
1m > a (2)

1m is fulfilled (Fig. 5, c). At a distance of s = 400,

the perpendicular mode practically disappears (Fig. 5, d),
similar to how it happens in the case of different directions

of the input fields polarization (Fig. 2, d).
In this situation the parallel mode at s = 0 has the

following characteristics:

a10 = 0.0720sech[(w − 500)/5], α10 = 0,

γ10 = 0.7415, δx10 = −0.4990, (11)

and the perpendicular mode has the following characteris-

tics:

a10 = 0.1645sech[(w − 500)/5], α10 = π/2,

γ10 = −0.7415, δx10 = 0.2865. (12)

Fig. 6 shows the curves of a1, α1 and γ1 obtained

when solving the system (3) with each of the boundary

conditions (11) and (12). Fig. 6, a illustrates that condition

a (1)
1m < a (2)

1m is fulfilled on the input surface. Note that,

according to Fig. 4, a, the opposite situation occurs in case

of different directions of circular polarizations. In this

regard, at a distance of s = 400, the pulse of the parallel

mode with the same directions of elliptical polarizations of

the input fields has a lower height than in case of opposite

directions of these polarizations (Fig. 2, d and 5, d).

3.3. Energy of probe radiation

Let us introduce the value E(s), determined by the

formula E(s) = W (s)/W (0), where W (s) is the amount of

energy transferred by the probe pulse through a unit of

cross-sectional area during the entire time it passes through

this section. The value E(s) indicates what fraction of the

energy of the input probe pulse reaches the distance of s .
Curves of E(s) for cases of different (case 1) and identical

(case 2) input pulse polarization directions are shown in

Fig. 7. The dashed line in Fig. 7 shows a graph of E(s)
for case 2 in the absence of relaxation processes, when the

decay parameter is γ = 0.

0 200 400 600 1000 1200
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0.4

0.6

0.8

S

2

1

800

1.0

Figure 7. The value E in case 1 (curve 1) and in case 2 (curve 2);
dash — case 1 if the relaxation processes are absent.

All curves in Fig. 7 are of a stepwise nature. In the initial

section of each curve, there is an interval of a slight change

in E , followed by a shorter interval of rapid multiplication

of this value. For curve 1 it is the interval between

approximately the points s = 250 and 350, and in case of

curve 2 — between the points s = 200 and 350. Further,

on each curve there are quite long intervals of s axis where

the value of E practically doesn’t change. At s > 800 the

values of E rapidly decrease to zero in both cases. At all

distances, the value of E for different directions of elliptical

polarization of the input fields is greater than in the case of

their identical elliptical polarizations.

The above-mentioned features of curves 1 and 2 are of

the following nature. Near the input surface, the input

probe pulse decays into normal modes. Initially, the modes

propagate in conditions favorable for the occurrence of EIT

phenomenon and have low energy losses. After that the

perpendicular mode falls into the region of the control

pulse trailing edge, and its energy is rapidly depleted due

to single-photon resonant absorption. In case of curve 1

the perpendicular mode has less energy than the parallel
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12-th International Symposium on Optics and Biophotonics 23−27 September, 2024, Saratov, Russia 923

mode. The absorption of energy of this mode due to

single-photon resonance leads to a lower total energy loss

of the probe field than in case of curve 2. Next, on the

curves 1 and 2 follow the sections corresponding to the

propagation of the parallel normal mode in conditions of

EIT phenomenon. In these areas, the energy losses of both

modes are negligible. Finally, at s > 800, these modes fall

into the area of inefficiency of EIT phenomenon, and their

energy is rapidly absorbed by the medium.

Note that sequential accounting of relaxation processes

is usually carried out using equations for the elements

of the density matrix with the times of transverse and

longitudinal relaxation introduced in them. This approach

is justified only in cases where relaxation processes are

random Markov-type processes, i.e. processes without

a probabilistic aftereffect. This situation occurs only if

the energy levels of different states are sufficiently far

apart [30]. In case of degeneration of energy levels,

this condition is apparently not fulfilled. More general

methods of accounting for relaxation processes [30,31] leads
to an excessive complication of the mathematical model

of the phenomenon under study. Therefore, we used

Schrodinger equation with phenomenologically introduced

relaxation terms to describe the response of the medium to

electromagnetic radiation.

It should be noted that under EIT conditions, relaxation

processes generally do not significantly affect the evolution

of probe radiation in the medium [1–3]. This fact is

confirmed in our case by a rather small difference between

the curve 1 in Fig. 7 and the dashed curve obtained in

calculation without taking into account relaxation processes.

In our work, the values a l0, l = 1, 2 were modeled

by inverse hyperbolic cosines. The application of other

functions in boundary conditions (3) does not change the

qualitative characteristics of EIT phenomenon. However,

some quantitative characteristics of this process may vary.

Thus, when using Gaussian function describing a pulse of

the same duration to describe the value a20, the penetration

depth of the probe radiation into the medium is slightly

diminished. This is because the values of Gaussian function

decrease faster on the trailing edge than on the trailing edge

of the inverse hyperbolic cosine.

Conclusion

The EIT process in fields of elliptically polarized pulses

interacting with a 3-scheme of degenerate quantum tran-

sitions is considered. It is assumed that the input pulse

of the probe radiation has a significantly shorter duration

than the input pulse of the control field, and both pulses

simultaneously reach their peak value. It is shown that in

a medium, a pulse of probe radiation can be represented

as the sum of two normal modes — pulses propagating

independently of each other at different speeds. PE normal

modes have equal modulus but opposite sign compression

parameters PE. The angle of inclination of the main axis

of PE of one of the modes (parallel mode) is parallel to

the main axis of PE control pulse, and the other mode

(perpendicular mode) — perpendicular to the main axis of

PE of the control pulse. The corresponding properties of

modes are determined by the phenomenon of EIT.

The pulse of the parallel mode propagates faster than

the pulse of the perpendicular mode, while the modes

propagation speed is significantly less than the propagation

of the control pulse in the medium. After passing a certain

distance in the medium, the pulse of the perpendicular

mode appears in the region of the trailing edge of the

control pulse, where the intensity of the control field is

insufficient for the effective occurrence of EIT phenomenon.

In this region, the phenomenon of single-photon resonance

leads to rapid attenuation of the perpendicular mode.

The same situation also takes place with parallel mode.

However, due to higher propagation speed, this mode passes

through a medium with a much greater distance than the

perpendicular normal mode before its disappearance.
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