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I. INTRODUCTION

Media that show electromagnetically induced transpar-
encysEITd can be used to slow or even store light. The EIT
is achieved in a so calledL system, that is atoms or some
kind of excitation centers, having a spectrum with three lev-
els arranged as shown in Fig. 1. Levelb will normally be the
ground state, anda is an excited state with a dipole transition
to the ground state, so that there is an appreciable absorption
of photons in resonance with theab transition. A laser beam
(control beam) resonant with theac transition can make the
excitation centers transparent for the photons in resonance
with ab. The Rabi frequency in theac transitionVc, caused
by the control beam, influences the electric(linear) suscepti-
bility of the L system[1],

xsvd = − C
v − vab + igbc

sv − vab + igbcdsv − vab + igabd − Vc
2/4

. s1d

Here,v is the electric field angular frequency,vab is that of
the ab transition, andgi j is the decay rate of a coherence
between the levelsi and j . The constantC=Nupabu2/ se0"d
holds the dependence on the density of excitation centersN
and the dipole transition elementpab. Equation (1) shows
that transparency requiresgbc to be small, thus statesb andc
have to be long lived. If the decay rates are put at zero,

xsvd < −
C/2

v − vab + Vc/2
−

C/2

v − vab − Vc/2
, s2d

the picture of two dressed states split with 2Vc becomes
apparent.

The group velocity for a probe pulse withv<vab will be
very small for smallVc. The bandwidth for this phenomenon
does, on the other hand, also become small. Fleischhauer,
Yelin, and Lukin [2,3] considered the possibility of storing
light pulses by turning off the control lightsVc→0d and then
turning it on again to read out the pulse. The situation when
the group velocity becomes time dependent due to a time
variation of Vc was further analyzed by Fleischhauer and
Lukin [4,5] in the limit of vanishing or small decoherence
rates and adiabatic changes. It has been experimentally

shown that the probe pulses can be delayed by the time equal
to the duration of the control beam absence[6–8]. Zibrov et
al. [9] demonstrated the possibility to store a pulse and to
revive it in the opposite direction, creating a time reversed
version of the original probe pulse. Juzeliunaset al. [10]
have considered storing light in moving atoms to transport
the stored pulse and revive it at the new location.

The motivation for much of these developments has been
to create new ways to manipulate well-defined photon states
in ways useful for quantum information processing. In the
following is presented a theoretical analysis of a method to
change the direction of a probe pulse. This may prove useful
for quantum information, as well as for manipulating classi-
cal optical pulses.

Most of the previous theoretical analysis and experimen-
tal work has been confined to one-dimensional situations. A
notable exception is the work by Duanet al. [11], which
addresses quite different aspects than this study.

In order to lift the restriction to one dimension, the
Maxwell-Bloch dynamics in two or more dimensions are
considered in Sec. II. The different approximations and as-
sumptions are reviewed, and numerical results are presented.
In Sec. III are discussed the relations that have to be fulfilled
and numerical results of stored pulses revived in the new
direction.

II. 2D MAXWELL-BLOCH DYNAMICS

The dynamics of transverse electromagnetic waves are
described by the wave equation for the electric fieldE with
the usual polarizationP source term
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FIG. 1. Level scheme for the levels that produce EIT, with the
control fieldEc indicated at theac transition with which it is reso-
nant. The probe fieldEp is resonant with the transitionab.

PHYSICAL REVIEW A 69, 063809(2004)

1050-2947/2004/69(6)/063809(8)/$22.50 ©2004 The American Physical Society69 063809-1



c2¹2E −
]2E

] t2
=

1

e0

]2P

] t2
. s3d

The medium interacting with the control and probe light is
described by the Bloch equations. They give the evolution of
the density matrixri jsr ,td, i , j =a,b,c, thus the description
entails an averaging. The rationale for this may be twofold.
First of all we might aim to only describe the average. Sec-
ond, medium fluctuations with a much smaller spatial extent
than the optical wavelengths do not affect the electromag-
netic field much.

In terms of excitation frequenciesvi j =sEi −Ejd /", the
equations are

]

] t
ri j = − ivi jri j + i o

k=a,b,c
sE ·pikrkj − E ·pkjrikd/" − gi jri j

+ di jo
kÞi

bkigkkrkk, s4d

where pi j =eki ur u jl are the dipole matrix elements,gi js=g jid
decay rates, andbki branching ratios. The polarization is cal-
culated from the density matrix elements

P = No
i j

pi jr ji , s5d

whereN is the density of excitation centers(e.g., atoms or
quantum dots). This together with Eqs.(3) and(4) constitute
the Maxwell-Bloch equations that have been the basis for
many investigations of EIT phenomena in one dimension.

We are interested in light pulses much longer than the
wavelength, so the electric field is written as

Esr,td = o
a

1

2
fEasr,tdexp sika · r − ivatd + c.cg. s6d

We will only consider situations with one control beama
=c and one beam of probe pulsesa=p, at any instance of
time.

Inserting the expression(6) into Eq.(4) gives a system of
equations that is valid for a great variety of fields(6). How-
ever, the present discussion will be limited to the following.
The control field is in resonance with theac transition,vc
=vac. Correspondingly, the probe pulses are in resonance
with theab transition. The initial amplitudes are such that the
Rabi frequencies,Vc and Vp, fulfill the conditions for the
rotating wave approximation,Vc!vca and Vp!vab. The
Rabi frequencies are the moduli of the quantities

Ṽc =Ec ·pac/", s7d

Ṽp =Ep ·pab/". s8d

Additionally, it is assumed that bothuEc·pabu anduEp·pacu are
either zero or!"vcb="svab−vacd. The rapid phase evolu-
tion of the density matrix motivates the use of the following
quantities:

r̂ii = rii , i = a,b,c, s9d

r̂ab = rab exps− ikp · r + ivptd, s10d

r̂ac = rac exps− ikc · r + ivctd, s11d

r̂bc = rbc exp f− iskc − kpd · r + isvc − vpdtg. s12d

The Bloch equations now become

]

] t
r̂aa = ImhṼp

* r̂ab + Ṽc
* r̂acj − gaar̂aa, s13d

]

] t
r̂bb = − ImhṼp

* r̂abj + babgaar̂aa + gccr̂cc, s14d

]

] t
r̂cc = − ImhṼc

* r̂acj − gccr̂cc + bacgaar̂aa, s15d

]

] t
r̂ab = −

i

2
fṼpsr̂aa − r̂bbd − Ṽcr̂bc

* g − gabr̂ab, s16d

]

] t
r̂ac = −

i

2
fṼcsr̂aa − r̂ccd − Ṽpr̂bcg − gacr̂ac, s17d

]

] t
r̂bc = −

i

2
fṼcr̂ab

* − Ṽp
* r̂acg − gbcr̂bc. s18d

Solving Eqs.(13)–(18) for slowly varying Rabi frequencies
shows that the elements ofr̂ vary slowly in time.

The time dependence of the polarizationP is dominated
by frequencies near ±vab and ±vac, while ±vcb is suppressed
as pcb must be small. In view of the previous assumption
about the difference of the two frequenciesvabs=vpd and
vacs=vcd or orthogonality between the dipole matrix ele-
mentspba·pac=0 it may be possible to separate Eq.(3) into
different equations. As only the part that interacts with matter
is of interest it can be assumed that the electric field direc-
tions Ec,p are parallel with the respective dipole moments
pac,ab. The vector nature of the equations may then be ig-
nored, hence

Fc2¹2 −
]2

] t2
G1

2
Ecsr,tdexpsikc · r − ivctd =

Npca

e0

]2

] t2
rac,

s19d

Fc2¹2 −
]2

] t2
G1

2
Epsr,tdexpsikp · r − ivptd =

Npba

e0

]2

] t2
rab.

s20d

A. Slowly varying envelope approximation

In the previous section, the Bloch equations were simpli-
fied assuming that the frequency content of the field ampli-
tudesEc,p were small. This implies that the field amplitudes
correspond to slowly varying envelopes. Thus one may as-
sume that the second order derivatives of the amplitudesEc,p
are negligible compared to the first derivatives on the left-
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hand side of Eqs.(19) and(20). On the right-hand sides only
the leading term will be kept, to give

ck̂c · = Ec +
] Ec

] t
= i

vcNpca

e0
r̂ac, s21d

ck̂p · = Ep +
] Ep

] t
= i

vpNpba

e0
r̂ab. s22d

It has been used thatvc,p/c=kc,p, which is the length ofkc,p,

and k̂c,p=kc,p/kc,p. The left-hand sides correspond to a wave
moving with the velocityc in the direction ofkc,p. Without
the right-hand sides, wave packets will move without chang-
ing shape. The approximation gives rise to a propagation of
the electromagnetic fields, which is essentially one-
dimensional in its character. Hence beam expansion, contrac-
tion, or diffraction are neglected. This is reasonable if, as is
assumed, the wave vectorskc,p are much larger than those for
which the spatial Fourier transform ofEc,p is important. The
variation of the wave vector in a direction perpendicular to

k̂c,p, Dk', creates the variation of the propagation direction
which is the origin of diffraction. This variation can be ne-
glected if the relative wave vector variationDk' /kc,p
!D /L. Here,D is the spatial extent of important pulse fea-

tures in a direction perpendicular tok̂c,p andL is the length
of propagation. The value ofDk' may be taken as 2p /D
which gives the standard ruleL!D2/l.

B. Adiabatic approximation

Adiabatic approximations have been discussed in[4,12].
The present discussion follows the latter in thatVc is as-
sumed to be large, in particular@Vp. It is also so large that
the influence of the decay ratesgi j may be ignored. Together
with adiabaticity, i.e.,dr̂i j /dt!Vc, this leads to

r̂bc
* < −

Ṽp

Ṽc

, s23d

r̂ab <
2i

Ṽc
*

]

] t

Ṽp

Ṽc

, s24d

r̂ac < 0. s25d

Put into Eqs.(21) and (22) this gives

ck̂c · = Ec +
] Ec

] t
= 0, s26d

ck̂p · = Ep +
] Ep

] t
= −

2vpC

Ṽc
*

]

] t

Ep

Ṽc

. s27d

For anṼc constant in time, this gives thatEp moves with the
group velocity,

vg = c
Vc

2

Vc
2 + 2vpC

. s28d

That the right-hand side of Eq.(27) is proportional to]Ep/]t,
corresponds to that the electric susceptibilityxsvd is propor-
tional tov−vab. The group velocity(28) agrees exactly with
that calculated from Eq.(2) at v=vab. The solution to Eq.
(27) can be written withr' denoting the part ofr perpen-

dicular to k̂p, as

Epsr,td = fSck̂pFE
ssr'd

k̂p·r dj

vgsk̂pj + r'd
− tG + r'D . s29d

The functionssr'd is chosen so thatk̂p·r =ssr'd defines a
suitable surface, e.g., the surface of probe pulse entry. The
function f gives the time dependence ofEp at the points of
this surface given byr'.

On the other hand, for anṼc that is constant in space the
solution to Eq.(27) is

Epsr,td =
Ṽc

ÎVc
2 + 2vpC

fSr − k̂pE
0

t

dt8vgst8dD . s30d

The group velocityvg is still given by Eq.(28) and the func-
tion fsrd gives the shape of the probe field. The state of the
medium can also be related to this function, by Eqs.(23) and
(24),

r̂bc
* = −

pab

"ÎVc
2 + 2vpC

fSr − k̂pE
0

t

dt8vgst8dD , s31d

r̂ab = −
2ipab

"sVc
2 + 2vpCd3/2FcṼck̂p · = fSr − k̂pE

0

t

dt8vgst8dD
+

Vc

Ṽc
*

] Vc

] t
fSr − k̂pE

0

t

dt8vgst8dDG . s32d

In spite of the apparent singularities ofr̂bc and r̂ab as a

function of Ṽc in the expressions(23) and (24), these quan-

tities andEp may be well behaved whenṼc→0. Equations
(30)–(32) illustrate how the different quantities behave when
light is stored.

C. Numerically solved Maxwell-Bloch equations

It is quite feasible to numerically solve the Maxwell-
Bloch equations to study short distance propagation in two
dimensions. The slowly varying envelope approximation

(21) and(22) together with Eqs.(13)–(18), and with realṼp,

Ṽc, are then sufficient. These equations are solved at a qua-
dratic grid in space by numerical integration of the equations
over time. We start with initial values of the density matrix
and probe field. The spatial derivatives of the probe field at a
grid point are calculated from first order differences between
its neighboring points at both sides.

To show how a pulse is stored, Figs. 2 and 3 display the
evolution of the control field Rabi frequencyVc, the modu-
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lus of the probe pulse envelopeuEpu, andur̂bcu. The full width
at half maximum time span of the pulse isT which is the
time unit and the length unit iscT. The control field and
material properties are initially at a value, such that the group
velocity vg=c/2. The control field is being turned off, and
the trailing edge of the control light appears at the upper left
corner at t=0 and travels towards the lower right corner,

which is the same direction ask̂c. The magnitude of the
initial probe field is such thatVp=1/T at the center of the
pulse.

In Fig. 2 the initial value ofṼc=500/T and the decay
parameters are put to zero in order to get an adiabatic situa-
tion where the approximations(23) and (24) are valid. The
qualitative features expected from Eqs.(30)–(32) are present,
though here changes appear locally. Initially, the probe pulse
propagates from left to right with velocityc/2, and is accom-

panied by a pulse inr̂bc of the same shape and at the same
position. The probe fieldsEpd decreases when hit by the con-
trol beam edge, while thebc coherencer̂bc increases and
becomes stationary. The part of the probe and ther̂bc pulses
not yet hit by the edge of the control field, continue forward.
This causes an apparent rapid motion of the probe pulse to-
wards the lower left corner. Ther̂bc pulse, on the other hand,
becomes stretched in a direction in between the two propa-

gation directionsk̂p and k̂c, but approximately keeping its
magnitude.

In Fig. 3 the initial speed and pulse shape is the same as in

Fig. 2, though initially Ṽc=10/T, gaa=2gab=2gac=0.5/T,
gbc=0.05/T, and gcc=0. The deviations from adiabaticity

caused by the rather small values ofṼc are seen in the
slightly irregular shapes ofEp and r̂bc. In particular, the ap-
parently disconnected parts of the probe pulse, seen att
=1.5T, are typical for a nonadiabatic process. This is particu-
larly clear att=2T where it is seen that the probe field re-
mains though the control field has already disappeared. If the
trailing edge of the control light is even sharper, this behav-

FIG. 2. Adiabatic storing of a light pulse by the EIT mechanism
in two dimensions. The results have been obtained without assum-
ing adiabaticity. Dark areas and white areas signify high value and
low value, respectively. The left column displays the value of the
Rabi frequencyVc= upac·Ec/"u, the middle column gives the modu-
lus of the probe pulseuEpu, and the medium polarizationurbcu is
shown in the right column. Each row corresponds to an instant of
time. The inset in the left part of the top row shows the directions of
the two wave vectors. They coincide with the propagation direction
of the control field and the initial probe pulse, respectively. At times
larger than 2T the probe pulse continues to be zero andurbcu stays
constant, while the control field moves out of the displayed area.

FIG. 3. Nonadiabatic storing of a light pulse by the EIT mecha-
nism in two dimensions. The method to display the results is the
same as in Fig. 2. At times larger than 2T, the remnants of the probe
field move in the direction ofkp, while urbcu is only affected by the
decay given bygbc. As the control field leaves the region, the probe
field moves in an absorbing medium.
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ior will be even more pronounced. The decay parameters are
responsible for decreasing the amplitudes. In particulargbc
governs the decay ofr̂bc in which the pulse gets stored.

The parameters used in Fig. 3 are quite different from
those used by Matskoet al. [13]. They found no distortion of
the pulse caused by nonadiabatic effects under the circum-
stance that the pulse bandwidth is much smaller thanVc and
that the initial group velocity is much smaller thanc. The
parameters that have been used to produce Fig. 3 violates
both those conditions. Thus the distortions of the storedrbc
and the lingering electromagnetic field att=2T are not con-
tradicting their findings.

On a technical note, the calculation is simplified by as-

suming thatṼc, Ṽp are initially real, whiler̂ab and r̂ac are
imaginary. Then these quantities will continue to be real and
imaginary, respectively. Note that before the probe pulse ar-
rives, normallyr̂bb=1 and the other elements are zero. Thus
these conditions are satisfied. Additionally, we have simpli-
fied the calculation by ignoringr̂ac in Eq. (21). This is mo-
tivated by that it is small, e.g., compared torab. Then, as-
suming thatpab andpac have similar magnitudes, this source
term is insignificant in comparison to the fieldEc. At the x
=0 boundary through which the probe pulse arrives, thex
derivative is calculated using the initial Gaussian pulse trans-

lated with the group velocity given byṼcsx=0,td. At the
other boundaries, the gradient is calculated by smooth con-
tinuation.

III. CHANGING THE DIRECTION OF PROPAGATION

The possibility of having an angle between control and
probe beams opens up for the possibility of reviving a stored
pulse with a differently oriented control beam. Switching its
direction by 180° has already been utilized to reverse the
probe pulse[9].

In Figs. 2 and 3 is shown the result for a control beam and
probe beam that meet at an angle. The quantityr̂bc varies
smoothly in space and time. From Eq.(12), it is seen that the
phase ofrbc is rapidly changing in time. The spatial variation
of the phase is given by the wave vectorkbc=kp−kc, as
illustrated in Fig. 4(a). In particular, the stored pulse will
have this varying phase. The spatial phase variation shows
that there is a linear momentum, frozen into the medium.

This is possible as it is assumed that the excitation centers
only interact with the electric fields and not directly with
each other. Thus, without electric fields, spatial phase differ-
ences do not influence the energy and the group velocity of
the excitation is zero.

A. Vector relations

As already noted in Ref.[9], the spatial phase variation of
the medium excitationrbc that remembers the stored probe
pulse is important for the read out of the pulse. This phase
factor multiplied by the phase factor that comes with a re-
vived control field produces the phase of the probe field
source,rab, see Eqs.(22), (10), and(12).

Using that the new control field is still on resonancevc
=vac, then the frequency of the new probe pulse will also be
on resonancevp=vab. The condition that the probe field
phase variations in time and space are to be correct for a
propagating field gives that the new control field wave vector
kc8 has to be such thatukc8+kbcu =kp. In two dimensions only
two possibilities exist, shown in Figs. 4(a) and 4(b).

The direction change of the probe beam is 2f, see Figs.
4(a) and 4(b). As the length of the vectorskp andkc are fixed,

FIG. 5. Adiabatic read out process displayed in the same way as
in Fig. 2. At the initial timet=0 the medium is in the state from the
adiabatic storing one step later than the last shown in Fig. 2, that is,
at t=2.5T. After the sequence shownEp and r̂bc move together in
the direction ofkp with the velocityvg=c/2.

FIG. 4. (a) The relation between the wave vectors for the probe
field kp, the control fieldkc, and the medium excitationkbc. (b) The
wave vectors of the alternative read out direction.
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the anglef may be viewed as a function of the angleu. The
maximal value off then arises when there is a right angle
betweenkbc andkc. This happens when cosu=kc/kp and the
maximum value off is

fmax= arcsinskc/kpd. s33d

For kc=kp, Eq. (33) givesfmax=p /2, which corresponds to
kp=kc and kbc=0. Thus there is no spatial phase variation,
and the revived probe will go in the direction ofkc8. As the
frequencies of the two fields are the same, their polarizations
must be orthogonal in order to distinguish the two beams.
When the directions of the beams have changed at least one
of the polarizations must also change. This may affect the
strength of the revived probe pulse, as the active substates of
b andc (Fig. 1) depend on the polarization of the beams. In
Ref. [9] circularly polarized light was used and the direction
of the probe pulse was reversed. In this case the polarization
vectors were unchanged, but as the propagation direction
was reversed, thes± character switched. This enabled a com-
plete time reversal.

It is possible to use linearly polarized light to store and
read light pulses[14]. If the frequencies are different enough
to distinguish control and probe beam, then both beams can

FIG. 6. Nonadiabatic read out process displayed in the same
way as in Fig. 2. At the initial timet=0 rbc is taken from the
nonadiabatic storing process(Fig. 3) at t=2.5T, while Ep is put to
zero.

FIG. 7. The imaginary part of the susceptibility for a Maxwell-
Boltzmann gas of atoms. The two wave vectors are identical,kp

=kc. The different curves correspond toVc/vT=0,0.2, . . . ,4,
gab/vT=0.25, gcb/vT=0.001, andvc+vcb=vab. The quantityvT

=skBT/md1/2kp gives the thermal Doppler broadening of the angular
frequencyvab. The bell-shaped curve is forVc=0, the curve with a
narrow dip is forVc=0.2vT, and the largerVc the wider and lower
minima.

FIG. 8. The imaginary part of the susceptibility for a Maxwell-
Boltzmann gas of atoms. The two wave vectors are the same as in
the storing process, Figs. 2 and 3. All other parameters are the same
as in Fig. 7. The bell-shaped curvesVc=0d is therefore the same.
The curves for finiteVc are different and there is no dip for
Vc/vT,1.
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be linearly polarized perpendicular to the plane of the wave
vectors. The new directions shown in Fig. 4(b) will be avail-
able without loss of pulse amplitude due to polarization mis-
match.

B. The read out process

For the pulses stored in the processes shown in Fig. 2 and
3, the angleu was p /4. If kp/kc=Î2 this corresponds tof
=fmax=p /4. The deflection of the probe beam is thenp /2
and kc8=−kc. Such a read out process has been numerically
calculated based on the stored pulses. In Figs. 5 and 6 is
displayed the read out of the pulse stored as shown in Figs. 2
and 3, respectively. The material parameters are the same as
previous. The control field starts at zero and is turned on,
creating a front that moves from the lower right corner to the
upper left. The control field is ramped up to the same value
as when the storing started so thatvg=c/2 at the end of the
read out sequence.

Common for both the adiabatic and nonadiabatic read
out processes is that the probe electromagnetic field is re-
vived by the control field. The new probe pulses end up with
a velocityc/2 in the direction ofkp8 (upwards), though in the
nonadiabatic case this is only true for the main part of the
pulse.

In the adiabatic process, Fig. 5, it is noticeable how well-
formed the probe pulse andr̂bc are at all times. However, the
pulse does not retain the same shape as the original pulse in
Fig. 2, but the read out pulse has an elliptic shape. The elon-
gated direction is almost perpendicular to the new direction

of propagation. This is in contrast to if the read control field
comes in the same direction as during writing. Then the re-
vived probe pulse will retain its original shape as well as the
direction.

For the weaker control field the somewhat chaotic motion
gives rise to a slightly deformed probe pulse, see Fig. 6. The
finer detail of the pulse shape may be lost, but for purposes
similar to the amplitude modulated digital fiber-optic infor-
mation techniques of today, enough information is still re-
tained. Two salient features of the exciting pulse are the ap-
pearance of a satellite trailing the main part and the
oscillation of theuEpu andurbcu. Both are consequences of the
lack of adiabaticity.

IV. CONCLUDING REMARKS

The present analysis is general and not gauged towards
any specific physical system. So far, except for[8], the stor-
ing of pulses has been realized in gases[6,7,9]. A few prob-
lems related to realizing the scenarios analyzed in this paper
are discussed below.

First, for the nonzero angle between the two beams, the
doppler shifts caused by the thermal motion make the trans-
parency window disappear for smallVc, see Figs. 7 and 8.
This can be arrived at by generalizing Eq.(1) to vc−vac
Þ0 and doppler shifting the frequenciesva→va−v ·ka

[15], due to the atoms moving with velocityv and integrat-
ing over the Maxwell-Boltzmann velocity distributionPsvd
in the plane ofkp andkc,

xsvpd =E E d2vPsvd
− Cfvp − vc − vbc − v · skp − kcd + igbcg

fvp − vc − vbc − v · skp − kcd + igbcgsvp − vab − v ·kp + igabd − Vc
2/4

. s34d

For a class of atoms with velocityv the transparency maxi-
mum is achieved when

vp − vc − vbc − v · skp − kcd = 0, s35d

if gbc is neglected. The frequencyvp for which Eq. (35)
is fulfilled will vary with the velocity. Only by making
Vc@vTkbc will the transparency windows overlap for the
different velocity classes within the thermal distribution.
HerevT is the thermal velocity of the atoms. LargeVc means
largevg and possibly incoherence in the control beam induc-
ing a reduction ofrbc. However, a 90° angle between the
probe and control beams was used[16] when achievingvg
=17 m/s.

Second, the thermal motion may wash out a stored spatial
variation ofrbc, in particular, a rapid phase variation caused
by a largekbc. In a rarefied gas the atoms structures ofrbc of
lengthL disolve at a ratevT/L. The rate for the phase varia-

tion is thenvTkbc/2p. For visible wavelengths andkbc,kp
then the rate is 109 s−1. In rubidium and similar systems one
may havevTskp−kcd,10 kHz. The addition of a buffer gas
will decrease this considerably as it slows down the diffu-
sion.

One may hope that a large set of physical systems can
show EIT. The realization of slow light in Pr doped Y2SiO5
[8] gives hope for this in other solids, e.g., semiconductor
systems[17–19]. The mechanism discussed in this paper
may prove useful for several applications. Other types of
technological devices based on EIT have previously been
suggested[20,21].
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