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A three-level EIT (electromagnetically induced transparency) vapor is used to manipulate the transparency
and absorption properties of the probe light in a waveguide. The most remarkable feature of the present scheme
is such that the optical responses resulting from both electromagnetically induced transparency and large
spontaneous emission enhancement are very sensitive to the frequency detunings of the probe light as well as
to the small changes of the waveguide dimension. The potential applications of the dimension- and dispersion-
sensitive EIT responses are discussed, and the sensitivity limits of some waveguide-based sensors, including
electric absorption modulator, optical switch, wavelength sensor, and sensitive magnetometer, are analyzed.

DOI: 10.1103/PhysRevA.74.063831

I. INTRODUCTION

During the past decade, many theoretical and experimen-
tal investigations have shown that the control of phase co-
herence in multilevel atomic systems can exhibit many strik-
ing quantum optical phenomena in the wave propagation of
nearly resonant light [1]. One of the most interesting phe-
nomena is electromagnetically induced transparency (EIT),
which originates from quantum coherence and destructive
quantum interference [1]. Some unusual physical effects as-
sociated with EIT observed in recent experiments included
the ultraslow light pulse propagation, superluminal light
propagation, coherent storage of information, photon switch-
ing, and atomic ground state cooling [1-4]. As the refractive
index of an EIT medium can be controlled by some physical
parameters (e.g., intensity of the coupling field and the fre-
quency detuning of the probe light), some remarkable appli-
cations such as electromagnetically induced focusing (and
hence EIT lens) [5], electromagnetically induced grating [6]
and isotope discrimination [7] have been proposed. Since the
probe light in EIT system can be coherently manipulated by
the external field (control light), the EIT system may play a
key role in the light switching technique (photon switching)
and coherent information storage [8]. More recently, the
resonant optical interaction with molecules confined in a
hollow-core photonic-band-gap fiber (and hence fiber-based
fast or slow light effects) was demonstrated [9]. Since the
waveguide (and fiber) can be used to facilitate strong coher-
ent light-matter interactions [9], the optical properties of EIT
vapor in the waveguide deserve consideration. Moreover, the
geometric shape of the waveguide [filled with some coherent
atomic vapor (EIT vapor)] can dramatically modify the
guiding eigenmodes, including the quantum vacuum modes
(and hence the atomic spontaneous emission rate is influ-
enced) [10]. This means that the waveguide dimension
would have an effect on the EIT vapor in the waveguide. In
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this paper we study the sensitive influence of the fluctuations
(perturbations) of external environmental conditions (which
lead to the small changes in waveguide dimension) on the
transparency and absorption properties of the EIT vapor.

It is well known that the waveguide boundary condition
can determine the mode distribution structures of quantum
vacuum fluctuation. Thus the vacuum mode structure in the
waveguide is drastically modified as compared to that in the
free space. Such a quantum vacuum effect has been studied
and observed in cavity QED [11], photonic crystal [12] and
Casimir effect [13,14]. As the atomic spontaneous emission
decay results from the interaction between the atomic excited
states and the quantum vacuum modes, the change of the
quantum vacuum mode structure would lead to the dramatic
modification to the atomic spontaneous decay rates (and
hence to the optical properties of the atomic systems). For
example, Paspalakis et al. considered some properties (e.g.,
the control of spontaneous emission) of atomic vapor and
EIT medium in structured vacuum (photonic bandgap mate-
rial and Markovian reservoir) [15-17]. In the literature, elec-
tromagnetically induced transparency (including the relevant
effects and applications) in free vacuum has been studied by
many researchers [1-7], but less attention was paid to the
optical properties of EIT in a finite space (say, waveguide)
with boundary conditions, particularly the small boundary
changes (fluctuations) at resonance. Here we will see how
the optical properties of the EIT vapor would depend on the
boundary conditions and respond to the variations of
the boundary dimension. The sensitive optical effects exhib-
ited in such an EIT waveguide have potential applications
such as electric absorption (EA) modulator, optical switch
and waveguide sensors.

II. EIT VAPOR IN A WAVEGUIDE

First we consider briefly how the geometric shape of
a rectangular waveguide [see Fig. 1(a)] influences the
atomic spontaneous emission [18—20]. For simplicity, we as-
sume the rectangular waveguide is formed by a perfectly
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FIG. 1. (Color online) The schematic diagrams of a rectangular
waveguide (a) and a three-level A-type atomic system interacting
with the probe and coupling lights (b). The waveguide is filled with
such a three-level atomic vapor.

conducting metal. The coupling strength of a two-level sys-
tem {|1), |2)} interacting with a probe light field that has
transverse mode (m,n) and longitudinal wave vector k in a
rectangular waveguide reads [20],

2hw
=—(ller|2) - E,,,(x,y) \| ———— exp(ikz), (1
Zmno=—(1ler|2) - E,,,(x,y) Lile exp(ikz), (1)

where E,,,(x,y) denotes the transverse modal profile
[21], and o indicates the polarization of the light field.
The density of state of the light field can be defined as
Pun(®)=dN(w)/dw with the total number of states
N(w)=2k/(2m/L,). By wusing the dispersion relation
o’=c?k+w?, with wmn=(m2/L§+n2/L§)l/zc7T, we obtain
the density of state

oL, 2)
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of the light field in the rectangular waveguide [10]. Accord-
ing to the formula for the spontaneous emission decay rate
[y=Q2m/ A2, gk|2p(wk)wk=wa], one can obtain the following
atomic spontaneous decay rate of the |1)-|2) transition in the
waveguide

2 2
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2
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where the summation is performed over all the waveguide
modes with mode frequencies w,,,<w, (w, is the atomic
transition frequency, i.e., w;,). Thus, one sees that both the
waveguide mode frequency w,, and the modal profile
E,,.,(x,y) may have influences on the spontaneous emission
decay rate in the waveguide. As the guiding mode is a stand-
ing wave in the transverse direction, the interaction between
atoms and probe light depends on the spatial coordinates,
and hence the spontaneous emission decay rate Y, is a
function of transverse coordinates (x,y).

Now we assume the rectangular waveguide is filled with a
three-level EIT vapor. Consider a three-level A-type atomic
system with one upper level |1) and two lower levels |2)
and |3) [see Fig. 1(b)]. Such a three-level system exists
in alkali metal atoms, e.g., 8Rb atom with transition of
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(D,F=2)—(F'=1) (|1)-]2) transition) at 795 nm. The
atomic system interacts with two optical fields, i.e., the probe
and coupling lights, which couple the level pairs |1)-]2) and
|1)-|3), respectively. The frequency detunings of the probe
and coupling lights are A and &, which are defined through
A=wj,~w, and d=w;3—w., where {w),, w3} denote the
|1)-|2), |1)-|3) transition frequencies, and {w),, .} stand for
the frequencies of the probe and coupling lights, respectively.
It should be noted that the atoms are assumed to be nearly
stationary (e.g., at a low temperature) and hence any Doppler
shift is neglected. We assume that the intensity of the probe
light is sufficiently weak and therefore nearly all the atoms
remain in the ground state |2). Under these conditions, the
atomic electric polarizability B, for the probe light due to the
atomic transition between levels |1) and [2) is

L LA )
B =l|&012| 2 )
¢ E()ﬁ Z
with
Q0
Z=(7L2Wg+iA>(%+i(A—5)>+—1 SEENE)

where ©5, ¥pn, and (). denote the transition dipole matrix
element, collisional dephasing rate (nonradiative decay rate)
of level |3), and Rabi frequency of the coupling light, respec-
tively. The relative electric permittivity and the relative re-
fractive index of the EIT vapor medium are given by €,=1
+N,B, and n,= \s‘z, respectively, where N, denotes the
atomic concentration of the EIT vapor.

In the following sections, we show that the EIT atomic
vapor would exhibit the dispersion-sensitive and dimension-
sensitive optical responses if the vapor is confined inside
a small rectangular waveguide with dimensions of the
order of or smaller than the wavelength of the probe field.
Such effects can be applicable to designing sensitive devices
(i.e., waveguide-based sensors) that can perform precise
measurements.

I11. DISPERSION-SENSITIVE EFFECTS IN THE
WAVEGUIDE

It can be found that the atomic polarizability (and hence
the electric permittivity and absorption coefficient) in the
waveguide is very sensitive to some parameters such as the
waveguide mode frequency w,,, and the probe detuning fre-
quency A. This can be interpreted as follows: if the wave-
guide mode frequency w,,, deviates greatly from the atomic
transition frequency w,, the atomic polarizability will be re-
duced to the form B,=4ilpo|*[ yp/2+i(A= 81/ (& Q.€,).
The two dimensionless parameters N,|@,|>/ (€A €Q,)=0.1
and |N,B,|=107> near resonance, provided that the typical
parameters in expression (4) are chosen as 7,,=3.0
X 10*s71 [2,22], Q,=1.0x 108 s7!, and N,=2.0 X 10" m=,
Typical electric dipole matrix element for alkali metal atoms
such as Rb and Ce is p,,=3.0 X 1072 C m [23,24]. It can be
easily seen that the imaginary part of the electric permittivity
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FIG. 2. (Color online). The absorption coefficient (@) of the
waveguide as the frequency detuning (normalized with frequency
I'=10% s7!) of the probe field varies. The dispersive behavior of « is
sensitive to the small relative frequency deviation s of the wave-
guide mode frequency from the atomic transition frequency. The
curves correspond to the relative frequency deviations =5 107!,
5% 1073, 5X 1075, 5X 1077, respectively. The case s=5X 1077 is
extremely close to the resonance, while the case s=5X 107! is far
from the resonance (the waveguide dimension has small effect on
the EIT vapor and, in some sense, the optical property of EIT is
similar to that in free vacuum).

is negligibly small, and the electromagnetically induced
transparency of the probe light in the waveguide will take
place in the presence of the strong coupling light (which may
lead to a destructive quantum interference as well as quan-
tum coherence effect in the multilevel atomic transition pro-
cess). However, once the maximum mode frequency ,,, ap-
proaches the atomic transition frequency w,, the spontaneous
emission rate Yy, of level |1) in the present waveguide be-
comes very large, and the atomic polarizability of the three-
level system is reduced to that of a two-level one, i.e.,
B.— (il@12]*/ €h) (Vqwe/2+iA)™". This means that there is a
serious resonant absorption for the probe light in the wave-
guide. Thus the optical property of EIT waveguide is
very sensitive to the relative frequency deviation, s, of the
mode frequency w,,, from the atomic transition frequency
w,. Here, the relative frequency deviation is defined by
s=(w,~w,,,)/ v, The absorption coefficient « (defined as
27 Im{n,}/Re{n,}, i.e., the loss in the medium per wave-
length) in the waveguide is shown in Fig. 2 as a function of
the frequency detuning of the probe light for several different
values of relative frequency deviations s. Here, for conve-
nience, the coupling beam is in resonance with the |1)-|3)
transition. From this figure one sees that the absorption in-
creases as the frequency detuning of the probe light in-
creases. The absorption near the probe resonant frequency is
more sensitive to the probe frequency detuning when v,
has a larger value [i.e., when the maximum mode frequency
w,,, (cutoff frequency) is closer to the atomic transition fre-
quency w, and hence the frequency deviation s is very
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small]. This property can be used to develop, e.g., a highly
sensitive wavelength sensor (monitoring a tiny shift in the
wavelength of the probe light by simply measuring the
variations of the transmitted power of the probe light).

As shown above, the relative frequency deviation s,
which has much influence on the optical property of EIT
waveguide, depends on the maximum waveguide mode fre-
quency (cutoff frequency). The mode frequencies are deter-
mined by the waveguide boundary condition. This implies
that the dispersive behavior of the EIT vapor in the wave-
guide is in fact very sensitive to the small waveguide dimen-
sion changes. In the section that follows, we will consider
the dimension-sensitive EIT responses.

IV. SENSITIVE OPTICAL RESPONSES TO THE
VARIATIONS OF THE WAVEGUIDE DIMENSIONS

As a very small variation in the waveguide dimensions
L., L, will give rise to a corresponding change in the wave-
guide cutoff frequency (and hence a very large enhancement
of the spontaneous emission), the optical properties (trans-
parency and absorption) will be dramatically influenced by
the fluctuation (perturbation) in the external environmental
conditions (such as the temperature change and pressure on
the waveguide boundary surfaces) which will cause some
changes in waveguide dimensions. If the environmental tem-
perature change or the surface pressure leads to very small
changes AL,,AL, in boundary dimensions L,,L,, the relative
variation in the transverse mode frequency of the waveguide
reads

mz(Am _ALX) ﬁ(g_&)

T\ +73
Ao,, LX\m L) L2\n L
= 2 2 : (6)
O m- n
m.
L L

Here, w,,, and o, (=w,,+Awv,,) correspond to the wave-
guide dimensions {L,,L,} and {L,+AL,,L,+AL,}, respec-
tively. According to expression (3), ¥y, can be rewritten into
a sum of two parts: Yewe= Yo+ Yeur» Where 7y, corresponds to
all the contributions of the waveguide modes whose mode
frequencies are less than the waveguide cutoff frequency
S and 7., is the contribution of the cutoff mode. Here the
dependence of 7y, on the variations of the waveguide dimen-
sion is negligibly small, while 7, depends strongly on the
variations of the waveguide dimension (i.e., Y is very sen-
sitive to the small dimension change of the waveguide). This
can be interpreted as follows: the explicit expression for 7y,
is

_S 2wk’
Yeu= S ie(w? — wji) (L, + AL (L, + AL))

><|<1|r|2>EMN0'(x’y) 25 (7)

where the maximum indices m,n of the cutoff frequency wiu,
are assumed to be M,N, respectively. According to expres-
sion (6), w,y can be rewritten as wyy(1+ 7/2) with 7 being
a small variation in waveguide dimensions (see below). Thus

the difference between wi and w,'l,lzN is
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W, = Wy = 0 = Wy — 7@y + O(T7). (®)
Define a small parameter
2

[= W~ Oy 9)

2 ’
wa

and expression (8) can be rewritten as

2
w
W, — Wy = wi(g— nf}) =wy({-7).  (10)

a

According to expressions (3) and (7), the atomic spontaneous
decay rate in the waveguide can be rewritten in the form

Aw, 0
Yswe=Yo+ 7o 11>
WET T (-t
where the dimensionless coefficient A4 is defined through
2¢?
.A: 11rl2) - E , 2.
g eofic(L, + AL (L, + ALy)|< [r12) - By, )]

(12)

For a typical optical waveguide filled with alkali atoms, the
dimensionless .4=1.0X10"%. Here, the waveguide dimen-
sions are taken to be um, and the typical value of v, (spon-
taneous decay rate due to waveguide quantum-vacuum
modes far off resonance) can be chosen as 1.0 X 107 s7'.
For convenience, the rectangular waveguide is assumed to
have a square cross section, and so the allowed maximum
positive integers m=n. For simplicity, we consider only the
influence of the dimension change of L,, and assume the
boundary dimension varies adiabatically (i.e., the transition
between waveguide modes cannot be excited by the variation
of the boundary dimension L,). Thus Am=An=0, and then
Awyy/ wyy=n/2 with the relative dimension change
n=-AL,/L,. As the dimension variation 7 increases (i.e., L,
decreases), the cutoff frequency w'' increases and ap-
proaches the atomic transition frequency w,, and conse-
quently leads to a very large v,,. Thus a strong absorption
will be caused by such a large spontaneous emission en-
hancement. In the present paper, as an illustrative example,
we choose the small parameter in expression (9) {=0.01.
This absorption trend (relative dimension change 7<<0.01) is
shown in Fig. 3. However, once the relative dimension
change 7 exceeds 0.01 and hence the cutoff frequency wi: is
just beyond the atomic transition frequency w,, the curve of
the absorption coefficient will drop immediately (see Fig. 3),
i.e., a very small dimension change of the waveguide may
lead to a very large influence on the probe light propagation
inside the waveguide. This can be interpreted as follows:
since now the cutoff frequency w>w,, the cutoff wave-
guide mode no longer makes contribution to the atomic
spontaneous emission and should be ruled out in formula (3).
[Note that the summation in formula (3) is performed only
over all the waveguide modes with mode frequencies
,,,<w,.] Thus the only retained term in the spontaneous
emission decay rate is 7y, that is not sensitive to the small
dimension change of waveguide. Moreover, the frequency
separation between modes in the waveguide is relatively
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FIG. 3. (Color online) The absorption coefficient («) as a func-
tion of the relative variation (7) of the waveguide dimension. The
absorption of the EIT vapor increases as the relative dimension
change increases. At 7=0.01 where the waveguide cutoff frequency
o"=w,, a dramatic absorption enhancement occurs. Once
7>0.01, where w'm>w,, the contribution of the present cutoff
mode is ruled out, and the absorption of the EIT waveguide is no

longer sensitive to the waveguide dimension change.

large (i.e., wyn> nwyy), the small change in 7 will not re-
sult in the variation of the maximum mode frequency w,y
(i.e., wyy cannot easily be replaced by w1y OF Wy ny1)-
This means that the absorption coefficient no longer depends
on the waveguide dimension change once the -cutoff
frequency o goes beyond w, (see Fig. 3).

As shown in expression (7), the indices M, N of the cutoff
frequency wy,y for a given waveguide is determined by the
probe transition frequency w,. This means that the control-
lable manipulation of optical properties of EIT vapor can be
realized by a dc magnetic field that can lead to the level
shifts via Zeeman effect (thus the optical response of EIT
waveguide is a function of the applied or ambient magnetic
field). Such an effect can be utilized to design some sensing
techniques such as magnetometer and magnetic field sensors.
Besides the sensing applications, the property (dimension-
sensitive responses) of the present EIT waveguide could also
be used to develop an electric absorption (EA) modulator:
specifically, the electric signal voltage could cause a dis-
placement of the waveguide wall through, e.g., some piezo
ceramics. In the section that follows, we discuss the working
principles and sensitivity limits of some sensors, which take
advantage of the optical responses of the EIT waveguide.

V. DISCUSSIONS: THE SENSITIVITY OF
WAVEGUIDE SENSORS

As pointed out in the preceding sections, waveguide sen-
sors can exhibit the sensitive optical properties responding to
the small changes of external environmental conditions.
Here, we will discuss this problem in more detail through
analyzing two parameters dvq,,/dn, da/dA, and see how
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sensitive the sensors (based on the effects of the confined
EIT atomic vapor) would react to the environmental condi-
tion changes (including the waveguide dimension changes,
probe wavelength shift and external magnetic field changes).

(1) Electric absorption (EA) modulator and optical
switch. In the literature, various kinds of EA modulators have
been designed by making use of technologies of photonics
[25,26]. Here we suggest an alternative way to design
a highly sensitive EA modulator using the sensitive optical
responses of the confined EIT medium. According to expres-
sion (11), the change rate of the spontaneous decay Yy,
with respect to the relative variation () of the waveguide
dimension is

dYsws 1 Aw,
dn  2({-n**

If the relative dimension change 7 deviates quite far from ¢,
the spontaneous decay rate will not change much as 7 in-
creases. However, dv,,,/dn would be divergent when the
relative dimension change # approaches the resonance
(7—¢), and then a sudden jump of 7y, (and hence the
absorption coefficient ) will occur once 7= {. The effect of
sudden jump in 7, at resonance can be utilized to realize
the EA modulator, where the displacement of the waveguide
wall can be caused by the external electric signal voltage. In
other words, the electric signal voltage can be used to con-
trollably manipulate the probe propagation in the waveguide.

On the other hand, such a modulator can also be used to
measure the electric signal voltage. As the atomic transition
frequency w, can be shifted by a dc magnetic field (i.e.,
w,=w,+Aw,), one can adjust the added magnetic field
strength (proportional to the shifted atomic transition fre-
quency Aw,) to tune the numerical factor dYswe!dm into
resonance, i.e., {— 7 and the spontaneous decay rate can
also experience a sudden jump. Thus, one can obtain a rela-
tion between the external electric signal voltage (propor-
tional to 7) and the external dc magnetic field (proportional
to the transition frequency shift Aw,),

(13)

DyN
Aw, \/:] W, (14)
when the curve of the spontaneous decay rate exhibits a di-
vergence. This means that the electric signal voltage can be
determined by using Eq. (14) when the external dc magnetic
field is chosen to make the optical response (spontaneous
emission decay) become sharp, as shown in Fig. 3.
Obviously, since both the external magnetic field and the
electric signal voltage can control the transmittance of the
probe propagation in the waveguide, the above effect has a
potential application, e.g., optical switch whose efficiency
may be higher than the conventional electric switch, since
the atomic relaxation time is only 10 ns. With the explosive
data growth in information technology (e.g., optical commu-
nications), the network is required of new techniques and
gadgets suggested to make networks faster and more reliable.
One of the key components is the optical switch. Recently,
the technology of so-called all-optical switch on silicon
(where physicists can control one light with another light on
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chip) has been suggested and increasingly developed [27].
We hope the present optical switch based on EIT waveguide
would be promising in this field and other related areas such
as light-switching photonic circuits (and integrated optical
circuits).

(2) Wavelength sensor. The waveguide-based wavelength
sensor can be used to measure the probe wavelength. Such a
device can be applied to some areas such as color sorting and
matching, which need precise measurement of light wave-
lengths. The sensitivity limit can be analyzed through the
following expression:

da o da
— =, (15)
dN  2mcdA

where N denotes the probe wavelength in vacuum. For the
EIT vapor in free vacuum, the dispersion da/dA is not as
much as that of the confined EIT vapor in the waveguide (see
Fig. 2). The curve s=5X 1077 in Fig. 2 is extremely close to
the resonance (i.e., the waveguide mode frequency ap-
proaches the atomic transition frequency), while the curve
s=5X%X 107! is far from the resonance (and then the wave-
guide dimension has small effect on the EIT vapor and, in
some sense, the optical property of EIT corresponding to the
case s=5 X 107! is similar to that in free vacuum). It follows
that the absorption coefficient « in the case s=5X 107! can
be said to be independent of the probe frequency detuning A
in the narrow band near A=0. However, the strong disper-
sion (large da/dA) near A=0 can be realized in the wave-
guide when the relative frequency deviations s (between the
waveguide mode frequency and the atomic transition fre-
quency) are taken to be s=5X 107, 5X 1077, This means
that the wavelength sensor in confining space is much more
sensitive than that in free vacuum. The sensitivity limit can
be evaluated as follows: in Fig. 2, the dispersion in « corre-
sponding to s=5X 107, 5X 1077 (the cases of confined
EIT vapor) is 10-100 times that of « corresponding to
s=5X 107", 5% 1073 (the cases close to the behavior of EIT
vapor in free vacuum). Thus, we can conclude that the sen-
sitivity limit of the waveguide-based wavelength sensor may
increase by one or two orders of magnitude compared with
some of the conventional wavelength sensors. Recently, the
technology of integrated-optical wavelength sensor has been
proposed to detect the wavelength shifts of light sources
[28]. We believe that the mechanism presented here can be
applied to the area of integrated optics and realize the very
highly-precise wavelength-sensitive sensors.

(3) Sensitive magnetometer. In the literature, Fleischhauer
et al. suggested the working mechanism of so-called optical
magnetometer that can be used to detect magnetic fields with
high sensitivity because of the large dispersion caused by the
atomic phase coherence [29]. As pointed out in Sec. III, the
EIT exhibits the dispersion-sensitivity effect in the wave-
guide. The sensitivity limit of our waveguide-based magne-
tometer may increase by several orders of magnitude com-
pared with that of the magnetometer presented in Ref. [29].
Here, we discuss the high sensitivity limit of the magneto-
meter based on EIT waveguide. As is known, the detected
magnetic field can lead to the level shift Aw,=(gug/h)B,
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where g and pp denote the gyromagnetic factor and the Bohr

magneton, respectively. The change rate of the absorption

coefficient « with respect to the detected magnetic induction
B is

da_ded(o,+Ao,-w,) _gupda

C hodA’

= 16
dB dA dB (16)

As the confined EIT vapor has large numerical factor da/dA
(increasing by one or two orders of magnitude at resonance),
the waveguide-based magnetometer would have a much
larger sensitivity limit than the regular magnetic field sensors
such as the standard optical pumping magnetometer.

VI. CONCLUDING REMARKS

As the quantum-vacuum eigenmode structure in the
waveguide can be altered by the waveguide dimension
change, the EIT vapor has been suggested in this paper to
manipulate the optical properties of the probe light in the
waveguide. It has been shown that the optical responses re-
sulting from both electromagnetically induced transparency
and large spontaneous emission enhancement are very sensi-
tive to the external environmental fluctuations. This means
the optical properties of the confined EIT vapor could be
controllably manipulated by the external conditions. On the
other hand, the external environmental fluctuations (such as
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temperature change and acoustic pressure on the waveguide
boundary surfaces), which would lead to small changes of
waveguide dimensions, could be detected and measured by
the EIT-waveguide sensors since the transparency and ab-
sorption properties in the EIT waveguide depend strongly on
the small dimension changes of waveguide. All these effects
can be useful for the development of new technologies in
quantum optical and photonic devices (such as sensors and
modulators containing the confined EIT vapors). It has been
shown that the sensitivity limits of some EIT-based wave-
guide sensors such as wavelength sensor and sensitive mag-
netometer can increase by one or two orders of magnitude
compared with those already existing devices in free vacuum
(without the confinement of waveguide). For instance, if the
EIT-waveguide response is applied to the phase-coherent op-
tical devices [29], we might obtain a magnetometer with
high accuracy. We hope the waveguide sensors presented
here could be realized experimentally in the near future.
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