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We investigate how the use of slow-light methods can enhance the performance of various types of spectro-
scopic interferometers under practical conditions. We show that, while in ideal cases the enhancement of the
spectral resolution is equal to the magnitude of the group index of the slow-light medium, the ratio between
the associated gain or loss and the group index of the slow-light medium actually determines the spectral res-
olution under more-general conditions. Moreover, the dispersion of this ratio leads to frequency-dependent
spectral resolution, which limits the useful working bandwidth of the interferometer. We also evaluate the per-
formance of interferometers using three specific slow-light processes in terms of the achievable spectral reso-
lution and the effective working finesse. We show that the spectral resolution is typically limited by the char-
acteristic linewidth of each slow-light process and that there is no fundamental upper limit for the effective

working finesse. © 2008 Optical Society of America
OCIS codes: 120.3180, 120.6200, 120.5050, 260.2030.

1. INTRODUCTION

Slow- and fast-light technology [1] has recently attracted
a great deal of interest, both in terms of fundamental
[2-5] and practical [6-11] aspects. One of the promising
potential applications of slow light is in optical communi-
cations, where a tunable delay element can be used for
all-optical buffering, data-synchronization, jitter correc-
tion, etc. One primary figure of merit of a slow-light delay
element is the maximum fractional delay (also known as
the delay-bandwidth product). While there is no funda-
mental limit for this figure of merit [12], it is often limited
by the maximum change in signal power level and the sig-
nal distortion that a practical system can tolerate [13].

It has been shown recently that slow light can also be
used to enhance the spectral performance of various types
of interferometers [14-17]. The ability to increase the
spectral resolution of interferometric spectrometers by a
factor as large as the group index can have many impor-
tant implications for modern optical technology. Increased
resolution leads to the ability to resolve closely spaced
spectral components. This ability can prove extremely im-
portant for applications in analytic chemistry and biology.
Alternatively, spectrometers could be made very much
smaller (by a factor as large as the group index) without
suffering any degradation of their spectral resolution.
Such miniaturized spectrometers could have important
implications in the context of integrated optical systems.
Applications of such chip-scale spectrometers could in-
clude the design of improved wavelength-division multi-
plexers, extremely narrow tunable filters, and general-
purpose spectrometers and the measurement of small
frequency shifts.
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In the ideal case in which the slow-light medium is
lossless and has uniform group index over the bandwidth
of interest, the enhancement factor of the spectral reso-
lution is equal to the group index of the slow-light me-
dium. However, in practice, a slow-light medium typically
has associated gain or loss and has dispersion of the
group index, which limit the maximum achievable en-
hancement of the spectral performances. In this paper, we
investigate the spectral performance of various types of
slow-light interferometers, and we investigate in detail
how the gain or loss and dispersion of the group index in-
fluence the spectral performance.

We use two figures of merit to evaluate the spectral
performance of an interferometer. The first one is the
spectral resolution &v,;,, which describes the minimum
frequency difference that the interferometer can resolve.
This quantity also describes how sensitive an interferom-
eter is to the change of the input frequency when it is
used as a frequency monitor or sensor.

Second, the maximum usable spectral bandwidth of an
interferometer, which we call the working bandwidth, is
an important quantity. The working bandwidth can be
limited by both the dispersive properties of the slow-light
medium and by the construction of the interferometer it-
self. In this paper, we consider only the limitation im-
posed by the dispersive properties of the medium, which
would usually be the primary limitation for a practical
slow-light interferometer. We determine the working
bandwidth of the interferometer by setting a uniformity
criterion such that the spectral resolution within the
working bandwidth should not vary by more than a cer-
tain fractional amount. To describe this property ad-
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equately, we use a second figure of merit, namely, the
working finesse F,,, which is defined as the ratio of the
working bandwidth to the spectral resolution.

2. SPECTRAL PERFORMANCE OF SLOW-
LIGHT INTERFEROMETERS

In this section, we derive expressions for the frequency-
dependent spectral resolution Sv,;, of three types of com-
monly used spectroscopic interferometers, namely, the
two-beam interferometer, the multiple-beam interferom-
eter, and the Fourier transform (FT) interferometer, for
cases in which slow-light media are used. Note that the
working finesse is not treated in this section because this
concept can be treated only within the context of specific
model of the slow-light medium, which are discussed in
Section 3.

A. Two-Beam Interferometer

First, we consider the case of a Mach—Zehnder (M-Z) in-
terferometer as a typical example of a two-beam interfer-
ometer. A slow-light medium of length L is placed in one
of its arms (see Fig. 1) and the two arms are adjusted so
that the optical path difference between the arms is equal
to the optical path length through the slow-light medium.
The transmission of such an interferometer is then given
by

1
= Z(l +e Ly 2705l o5 Agh), (1)

where « is the absorption coefficient of the medium, and
A¢ is the phase difference between the two arms ex-
pressed by

27y
Ad(v) = TH(V)L, (2)

and where v is the frequency of the input field, ¢ is the
speed of light in vacuum, and n(v) is the refractive index
of the slow-light medium.

The spectral sensitivity of such an interferometer can
be described by the rate at which the phase difference
term A¢ changes with frequency v. Taking the derivative
of A¢ with respect to frequency, one obtains the following
expression:

dA¢p d [2mvn(v)L 27L dn 2mLng
= — n+v—|= , (3)
dv dv d c

14

c c

where ng=n+vdn/dv is the group index. If one defines
the spectral resolution &v;, to be the frequency differ-
ence between adjacent transmission peaks and valleys,

slow-light medium
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Fig. 1. (Color online) Schematic diagram of a M—Z interferom-
eter containing a slow-light medium in one arm.
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one obtains the following expression for the spectral res-
olution:

[

2Lng ’ “@

OVpin =

Note also that the visibility of such a M-Z interferometer
is given by

Iout,max - Iout,min 26_0'5{1[1

V= = . (5)

- —aL
Iout,max + Iout,min l+e

For a lossless M—-Z interferometer, the value of the visibil-
ity Vis 1. The associated loss or gain of the slow-light me-
dium will decrease the fringe visibility V. For definite-
ness, we require that the loss through the slow-light
medium be less than 1/e (or gain less than a factor of e),
and consequently we obtain the following restriction on
the length L of the medium:

laL| < 1. (6)

Note that this requirement indicates that the visibility V
is always no less than 0.65. Substituting this requirement
into Eq. (4), one obtains the following expression for the
minimum spectral resolution for a M-Z interferometer
with a lossy slow-light medium:

ca

(7)

Viin =

2n, ’

Such an expression for the spectral resolution is also ap-
plicable to other types of two-beam interferometers, such
as a Michelson interferometer.

B. Multiple-Beam Interferometer

To investigate the performance of multiple-beam interfer-
ometers, we use as a typical example the Fabry—Perot
(F-P) interferometer (see Fig. 2). For the case in which
the F-P etalon is a slow-light medium of thickness L, the
transmission of the interferometer as a function of the in-
cidence angle # within the medium is given by [18],

T%T1.(6) 1

O R 0P 1+ P o ag(0)

(8)

where T, and R, are the transmissivity and reflectivity
at the air—-medium interface (as well as the medium-air
interface), respectively, T7.(6)=exp(-aL/cos 6) is the
transmissivity of a plane wave at incident angle @
through the medium, A¢=~FkL cos 6+ iy is the phase differ-
ence term, « and % are the absorption coefficient and the
wave number of the field inside the slow-light medium,

detector — [
array

Fourier lens

A8

slow-light etalon

Fig. 2. (Color online) Schematic diagram of a slow-light F—P in-
terferometer (left). A close look at the multiple beam interference
within the F-P etalon (right).
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respectively, ¢y is the phase change of field due to reflec-
tion at the medium-air interface, and F is the finesse de-
fined as F=2R>*T(6)/[1-R,Ty(6)].
The angle between the center of the mth fringe and the
normal direction is given by
L (M - m)\
6,=cos | 1—-——F], 9
. oLn 9)
where M =~2Ln/\ is the order of the fringe at normal in-
cidence. The spectral sensitivity of the mth order fringe is
therefore given by

(M -m)n,

- 2n%L sin 6,

dé,, M-m (1 Adn)
(10)

AN 2Lsin 6, \n  nZdx

For the case in which the finesse is high (i.e., small an-
gular spread of the fringes), the angular spread [full
width at half maximum (FWHM)] of the mth order fringe
is determined through the relation 6A¢,,=2/F and is
given by

A

00y =——".
7Ln sin 6, F

(11)

Thus, the spectral resolution of the mth order fringe is
given by

dA 2n\

Ny =00, =——.
"ode " (M-mn,mF

(12)

For a F-P interferometer, one typically has the relation
M>m. Thus, one can obtain the following expression for
the spectral resolution of a F-P interferometer:

2n\ A2
ONpin =~ ————= (13)

To see more clearly how the absorption or gain of the
slow-light medium influence the spectral resolution, we
can introduce the definition of F into the above expres-
sion. When the fractional loss or gain of the field after a
single pass through the slow-light medium is small, the
above expression can be approximated by

M(1+aL-R,) |[N(1-R,) M\la
min = + s (14)
2ngL 2ngLm 2ngm
or in frequency units
c(1-Ry) ca
Vpin = | ———+ . (15)
2mm,L  2mn,

One sees that the resolution is given by the sum of two
terms. The first term is present even for a lossless inter-
ferometer and is inversely proportional to the group index
ng. The second term is proportional to the ratio between «
and ng. In principle, the first term can be made to vanish
when the reflectivity at the surface R, approaches unity.
In such cases, the overall spectral resolution will be de-
termined primarily by the second term such that
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ca

. (16)

6Vmin =

21,

Note that if the slow-light medium has gain such that
the single-pass gain gL is comparable to the loss at the
reflection 1-R,, the two terms in Eq. (15) would become
comparable to each other but with opposite signs. In this
case, one can obtain very-high spectral resolution as long
as the gain is not saturated. Note that the expression of
Eq. (15) is also valid for other types of multiple-beam in-
terferometer, such as a wedged shear interferometer [15].

C. Fourier Transform Interferometer

Recently, it has been proposed and experimentally dem-
onstrated that one can construct a FT interferometer us-
ing the method of variable slow light [17]. As shown in
Fig. 3, such a FT interferometer typically contains two
fixed arms, with a variable slow-light medium in one arm.
The two arms are adjusted to have zero optical-path-
length difference when the reduced group index né:ng
—n of the variable slow-light medium is zero. In the ideal
case in which the slow-light medium is lossless and has a
uniform group index over the bandwidth of interest, the
output I, (see Fig. 3) of such a slow-light FT interferom-
eter is given by [17]

Lout(7g) =0 f Lin(vo+ v)e™ 7edv’ ¢, a7

where v, is a reference frequency at which n(vy) is inde-
pendent of the reduced group index né, (cf. Ref. [17]) and
Tg=néL/c is the group delay between the two arms of the
interferometer, which can be varied from zero to a maxi-
mum value 7, .

Similar to a conventional FT interferometer, the spec-
tral resolution of such an ideal slow-light FT interferom-
eter is limited by the maximum group delay between the
two arms through the following relation:

(18)

In practice, however, a variable slow-light medium
typically has associated frequency-dependent loss, which
is usually linearly proportional to the reduced group in-
dex n!. In this case, the output of the interferometer can

g
be rewritten in the following form:

Mey variable slow-light medium

-
O
(i,li}lout=1+-l_

Fig. 3. (Color online) Schematic diagram of a slow-light FT in-
terferometer. The reduced group index of the variable slow-light
medium can be increased from zero to a maximum value.
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’ : ’
Iout(Tg) =R J Iin(VO + Vr)e—a(V0+V )/2LeI.27TV Tady’

(19)

For an input field containing only an infinitely narrow
spectral line centered at v;, the output as a function of the
group delay is given by

I«;ut — %{e—o.fuv(vl)LeiZ‘rT(Vl—VO)Tg}. (20)

To retrieve the input spectrum, one needs to take the FT
of the output I,,(7;) as follows:

I, = FT{R{e 05av)Lgi2n(vi-vp) 71y

©
— f e—a(VI)L/ZTglTg‘e—iZ'lT’Tg(V,—VI-FV())dTg
_

o
: %
=f e—(r‘rg‘e—ﬂwrgv dTg, (21)
—00

where o= a(v')L/(27,) and v'=v'—v; +; is the frequency
detuning from »’. Note that o is independent of 7,. Con-
sequently, one can calculate the above FT as follows:

% 0
- /" . "
f e—o"rge—lZﬂ'TgV dTg+ f eo"rge—LZ‘n'TgV d’Tg
0 —o0

1 1 C

+ = , 22
o+12m/"  o-i2m/ V"2+ysz 22)

where C is a constant independent of v and vy, is the ef-
fective linewidth given by

L, (V')

g ca

’y -_-—-= .
T 2m 4mm

(23)

One sees that the retrieved spectrum is a Lorentzian-
shaped line with a FWHM linewidth of 6vy=2vy
=ca/2mn,. Thus, the overall spectral resolution of the
slow-light FT interferometer is given by

c ca
] . (24)

’ 4 ’
2 maxle 271,

Since L can be arbitrarily large, the spectral resolution
will be primarily limited by the second contribution.

OVpin = max[

3. INTERFEROMETER PERFORMANCE FOR
SPECIFIC SLOW-LIGHT TECHNIQUES

There are many physical processes that have been pro-
posed and demonstrated to realize slow and fast light.
Here we investigate the performance of slow-light inter-
ferometers using three specific slow-light mechanisms. As
shown in Section 2, the spectral resolutions of the three
types of interferometers we consider in this paper are lim-
ited by [ca/(2ng)|, |ca/(2mny)|, and |ca/(27n,)|, respec-
tively. We define the characteristic spectral resolution as
6v.=|cal/(2mm,)| for the remainder the paper. Note also
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that we assume that the group index n, is much larger
than the refractive index n such that n,=n,.

The working bandwidth Av,, of a slow-light medium is
calculated such that the characteristic spectral resolution
within the working bandwidth does not vary by more
than a factor of 2. The working finesse F,,=Av,,/ v, is cal-
culated accordingly.

A. Single Isolated Gain Line

Single-resonance gain features are commonly used to
achieve slow light [6,19-21] because of the rapid change
of the refractive index in the vicinity of the resonance cen-
ter. For example, the gain coefficient, refractive index,
and reduced group index of an unsaturated Lorentzian
gain line [6,19] as functions of the frequency detuning
v =v—1, from the resonance center v, are given by

g(v') =g0,2i, (25)

V242

g

”(”')z”“’)*i—vru 2 (26)

0

and
oy BTV o)
MgV )= 41 (v'2+y2)2’

where g, and %, are the gain coefficient and the wave
number at the center frequency vy, respectively, vy is the
half width at half maximum (HWHM) linewidth, and n(0)
is the background refractive index at the resonance cen-
ter.

From the above expressions, one can obtain the ratio
between g and n, as

gw)  Amyr?+y 08
) e vy 29

The characteristic spectral resolution at the resonance
center is then given by
ca(0)

27mé’,(0)

Sv,(v' =0) = =2y. (29)

One sees from Eq. (28) that the spectral resolution is fre-
quency dependent and deteriorates as the frequency
moves away from the resonance center. The working
bandwidth is determined through the relation &y (v’
=0.5Av,)=25r,(v'=0) and is given by

Avy,=—. (30)

1
Fy=—. (31)

We see that the working finesse is independent of the
linewidth of the resonance, and is less than unity, which
is due to the rapid change in spectral resolution [see Fig.
4(b)] caused by the rapid variation of the group index and
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Fig. 4. (Color online) (a) The reduced group index n, and gain
coefficient g and (b) the characteristic spectral resolution év, as
functions of the normalized frequency detuning from the reso-
nance center for a single-Lorentzian-gain-line medium.

the gain coefficient in the vicinity of a Lorentzian reso-
nance center [see Fig. 4(a)l. This result indicates that
such a slow-light medium may be useful for detecting the
frequency shift of an input field, but is not suitable for
constructing a spectrometer to measure a broad spectrum
because of its very limited working finesse near the reso-
nance center.

Two techniques can be used to overcome this limitation.
One is to use a broadened gain feature with a flattened
top (e.g., using multiple gain lines [20,21]) instead of a
single Lorentzian gain line to increase the working band-
width. The other is to put the gain feature on a broadband
absorption background to make the medium transparent
near the resonance center. Using the latter technique, one
can make the absolute magnitude of the gain coefficient
be very small near the resonance center and, conse-
quently, achieve high spectral resolution because the
characteristic spectral resolution will no longer be re-
stricted by Eq. (29).

Note, however, that the ratio given by Eq. (28) does not
change much in the wings of the resonance when the fre-
quency detuning v’ is much larger than y [also see Fig.
4(b)]. This result indicates that such a slow-light medium
can be used in a spectrometer if the working frequency
range is chosen to be in the wing of the resonance center
[17] so long as the strength of the resonance is great
enough to provide a large group index in the wing region.

B. Separated Double Absorption Lines

It has recently been shown that the use of the transpar-
ency window between two separated absorption features
is a very effective technique to realize slow light [10,11].
Here we consider the case in which two identical Lorent-
zian resonance lines of HWHM linewidth v, separated by
2A, are used. The absorption coefficient, relative refrac-
tive index n'(v')=n(v')-n(v¥'=0), and reduced group in-
dex as functions of the detuning v’ = v- 1, from the center
frequency v, halfway between the two resonance lines are
given by

7 7

alv') = a (V’—A)2+y2+(V’+A)2+y2 ’ (32)

(o) = @ Y’ - A) y(v' +A)

T ok | A2 2 e A2
(33)

and
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" S [0 -7 7P I+ A T

Thus, the ratio between n, and « is given by

00’07[ (V' =A2 =9 (VW +A2 - }
! = . (34)

né(v/)_i 1+ 2y B 2y
a(v') 4w vy V242 +A% (v -A)Z+ Y
2y
——(1/+A)2+’}/2:|. (35)

The characteristic spectral resolution at the center fre-
quency v is thus given by

ca(0)
27Tné'f(0)

A2+ 52
AZ— 2

For the case in which the half separation A between the
two resonance centers is much larger than the resonance
linewidth v, v, is approximately equal to 2y [see Fig.
5(b)].

Note that in the cases in which A> 1y, the working
bandwidth is approximately equal to the separation be-
tween the two resonances 2A. Therefore, the working fi-
nesse in this case can be approximated by

Sv(v' =0) = (36)

=ay

Fy=—. (37)

As long as the strength of the resonances is great enough,
the working finesse can be very high and linearly propor-
tional to the separation between the two resonance cen-
ters [see Fig. 5(c)]. Note that we require that the reduced
group index within the entire working bandwidth be of
the same sign (either positive or negative for slow-or fast-
light cases, respectively). Thus, the working finesse be-
comes zero when A=y. For A<y the double-resonance
medium becomes a single-absorption-line medium, and
therefore the working finesse is also reduced to that of a
single-gain-line medium.

(c) working finesse

(b) characteristic

;l' spectral resolution 100
aQ

~ =
~l1.4 &

T 50
2z

> 1

s

0
0 20 40 60 80 100 0 20 40 60 80 100
Aly Aly

Fig. 5. (Color online) (a) The reduced group index and absorp-
tion coefficient as functions of detuning for a double-absorption-
line medium with A=41y. (b) The characteristic spectral reso-
lution at »'=0. and (c) The working finesse as functions of the
normalized half separation between the two resonance centers.
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C. Electromagnetically Induced Transparency
Electromagnetically induced transparency (EIT) is an-
other slow-light process that can achieve a very large
group index [2,22,23]. In the case of zero pump detuning
[see Fig. 6(a)], the analytic expression for the complex re-
fractive index of a A-type EIT medium as a function of the
frequency detuning v’ = v— v, from the EIT resonance cen-
ter vy is given by [1]

Qo 7ba(V’ + i'yca)

2kO |‘()p|2 - (V’ + i'yba)(yl + i‘}/ca)

A= ) (38)

where o and %, are the background absorption coefficient
(when the pump field is absent) and the wave number at
the EIT center frequency, respectively; ., and y,, are the
dephasing rates of the transitions from levels |c to |a) and
from |b) to |a), respectively; and (), is the pump Rabi fre-
quency.

For a typical EIT medium with v;,> v,.,, one can ex-
pand Eq. (38) in a Taylor series, keep terms up to the
third order, and obtain the following approximate expres-
sions for the absorption coefficient and the refractive in-
dex near the EIT resonance center (within the transpar-
ency window),

@ VI2
aV)= ———|1+— |, (39)
1+Q,2\ A
and
" agc BV ( V’2) (40)
n(v)=1+ — | 1+—=, 40
4mryq 4 |ﬁp|2 c?
(a) _
13
. S— £
¥ 5 3
um el
probe pump 8
=
- lcy 0 g
0 S
(©)
30 10
— w/ approx. solutipn
5‘5 20 — w/ analytic solution
5
%]

0
0 2 4 6 8 10 0 2 4 6 8 10
QP QP

Fig. 6. (Color online) (a) Energy-level diagram of a A-type EIT
system. (b) The reduced group index and absorption coefficient at
the center frequency. (¢c) The characteristic spectral resolution at
v'=0. (d) The working finesse plotted as functions of the normal-
ized pump Rabi frequency for an EIT medium with y=100. The
dots are results using the approximate expression of Eqgs. (43)
and (46), and the solid lines are results based on the analytical
expression of Eq. (38).
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where ﬁpEQp/ \VbaYea is the normalized pump Rabi fre-
quency, Y=Y/ Year A%= 5,1+, |D%/[(F+27)|0,2- 1],

B=(0P -7 71407, and  C*=y,ma(|2f
+12(Q P -7 D/, =~ 37 1+ 7+2)|Q, P+ 77].
The reduced group index ngf is then given by
ac B 312
'W)=——| 1+ . 41
ng(V ) . |(_2p|2 1 2 (41)

Using these expressions, one can obtain the following re-
sult for the ratio of « to n:

a(v'))  47C? (A2+1'?)
ny(v')  cBA%(C*+3v'%)’

(42)

At the EIT resonance center (i.e., v’ =0), one obtains the
following expression for the characteristic spectral reso-
lution:

ca(0)

ov,(vV'=0)= | ———
27mé',(0)

2
B,y

As the pump Rabi frequency increases, the characteristic
spectral resolution approaches its minimum value &,
—27%,,. Note that this resolution is much finer than the
intrinsic linewidth v, associated with the transition from
level |b) to |a).

One sees from Eq. (42) that the resolution év, will de-
teriorate as the signal frequency is detuned away from
the EIT resonance center. The working bandwidth Av,, is
determined through the relation that the resolution at the
boundary 6&v.(v'=0.5Av,,) of the working bandwidth is
twice as large as the resolution at the EIT resonance cen-
ter, i.e.,

A?+(05Ap,)% A2

—_— =2, 44
C%2+3(0.5Ap,)2 C? (44)

For a large pump Rabi frequency, one obtains the follow-
ing expression for the working bandwidth:

A202 27ba|ﬁp| ( )
Avg=2+/ ~ . 45
C*-64*  \3(y-5)

Since Yp,> v, (.e., y>1), the working bandwidth can be

further approximated as Av,=~27,|Q,|. Consequently,
the working finesse F,, is given by

A?C? 10,2 +1 y
e o\ oo 5|Qp|. (46)
|Qp| -7 Y

For a large pump Rabi frequency and a large y, the work-

F.=B

ing finesse becomes F, = |(_)p|, i.e., the normalized pump
Rabi frequency.

Figure 6(b) shows the normalized reduced group index
and the absorption coefficient at the EIT resonance center
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as the normalized pump Rabi frequency (_)p increases.
One sees that the group index reaches its maximum when

), is approximately equal to 1. For (_)p> 1, the value of
the group index decreases due to the power broadening of
the transparency window. Meanwhile, the absorption co-

efficient decreases monotonically as (), increases. As a re-

sult, the characteristic spectral resolution év, rapidly be-

comes smaller first as (),

gradually approaches its theoretical limit 2v,, for (_)p>2
[see Fig. 6(c)]. On the other hand, one sees from Fig. 6(d)
that the working finesse is approximately equal to the

increases from zero, and Jv,

value of the normalized Rabi frequency ﬁp as predicted in
Eq. (46).

Note also that the characteristic resolution of an EIT
medium is limited by the decay rate between the two
ground states, which is typically much less than the line-
width of the transition between the excited state and one
ground state. Therefore, a slow-light interferometer based
on EIT can potentially achieve higher spectral resolution
as compared to an interferometer based on double-
absorption lines.

4. SUMMARY

In conclusion, the spectral performance of various types of
slow-light interferometers has been studied under the
practical situations in which the slow-light medium has
associated gain or absorption and dispersion of the group
index. We have shown that under practical conditions the
actual spectral resolution of the interferometer is prima-
rily limited by the ratio between the associated gain or
loss and the group index, and that the working bandwidth
is limited by the frequency dependence of this ratio.

The spectral performance of slow-light interferometers
using three specific slow-light processes has been evalu-
ated in terms of the characteristic spectral resolution and
the working finesse. It has been shown that, while the
characteristic resolution is typically limited by the line-
width of a resonance-induced slow-light medium, it can be
much smaller if a broadband absorption or gain can be
added on the narrow gain or absorption feature to make
the slow-light medium more transparent over the spectral
region for which the group index is large. Moreover, it has
been shown that there is no fundamental upper limit for
the working finesse that a slow-light interferometer can
achieve. Of the three types of slow-light processes studied
in this paper, EIT media have the potential to achieve the
finest spectral resolution, because the linewidth is limited
by the decay rate between two ground states, which is
typically much less than that of a transition between an
excited state and a ground state. However, double-
absorption-line media have more applicability because it
can be more easily implemented and controlled [17].
These analyses provide guidelines for how to choose ap-
propriate slow-light techniques for interferometry appli-
cations to meet specific demands on the spectral perfor-
mance.
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