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We predict the occurrence of electromagnetically induced absor(fi@x) in cycling degenerate two-level
transitions wheré&.=Fy+1 andF 4> 0, interacting with pump and probe lasers with the same polarization. The
ElAis due to transfer of populatiofTOP) between the Zeeman levels of the ground hyperfine state, rather than
transfer of coherenc€lfOC) which occurs for perpendicularly polarized lasers. We model EIA-TOP using a
double two-level systeniTLS) which we compare with the four-levéll system, which models EIA-TOC.

When the pump intensity is low, both models give an EIA peak at line center. The effect of introducing
phase-changing collisions is studied, in the presence and absence of Doppler broadening, for both the double
TLS andN systems. In the presence of phase-changing collisions, the central EIA peaks are narrowed in both
models and persist to higher pump Rabi frequencies than in the absence of collisions. In the double TLS, in the
presence of Doppler broadening, the central EIA-TOP peak becomes narrower and does not develop a dip in its
center, in contrast to thd system. The central dip that appears in the Doppler-broadened EIA-TOC spectrum
can be wiped out by adding phase-changing collisions. We demonstrate that EIA-TOP can be obtained for
realistic atomic transitions interacting with lasers that have the same polarization.
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[. INTRODUCTION laser of frequencyv;, also couples levelg, to e;, andg, to
. _ _ e,, with Rabi frequencies\/pl and Vo, This model corre-
Electromagnetically induced absorptigBIA) has been sponds to a cycling degenerate TLS, whEge- Fy>0, in-
studied extensively, both experimentally and theoretically. Ineracting withe, polarized pump and probe lasers.
the original experiments, EIA was obtained for perpendicu- e compare the probe absorption spectra for the double
larly polarized pump and probe lasers, interacting with a cy-T| S which is a model for EIA-TOP, with those of tHg
cling degenerate tvvp—level transition in whigh=Fg+1 and  system[11] [see Fig. 1b)] which is a model for EIA-TOC
Fg>0 [1,2]. For this case, EIA was shown to be due to[3 4. we find that both model systems give an EIA peak at
transfer of coherend@0C), via spontaneous emission, from |ine center, when the pump intensity is low. However, the
the excited to the ground statg3-9]. In later experiments, probe absorption spectra are completely different at higher
ElA was also found for noncycling degenerate two-level syspump intensity: the spectrum of the double TLS is similar to

tems(TLS’s) [6,7] and in systems wheré,=F.>0[7]. that of a simple TLS, while the spectrum of tNesystem has
A different type of EIA, due to transfer of population

(TOP), was predicted by ugb] for a cycling, degenerate TLS
where Fo=F,+1 andF >0, interacting with lasers of the
same polarization. This EIA-TOP can occur provided the de-
cay out of the degenerate TLS from the ground state is
greater than from the excited st48j. This condition is ful-
filled if the ground-state population is transferred by colli-
sions to a nearby state that does not interact with the lasers, (@)
and cannot be populated by spontaneous emission from the
excited statg5]. EIA has also been predicted for a three-
level A system interacting with a standing wal3j, and for

a nearly degenerate tripod system interacting with@olar-

ized pump and ar polarized probdg10]. In this paper, we
show that EIA-TOP can be obtained even in the absence of
inelastic collisions, provided the intensity of the pump laser
that interacts with the degenerate two-level system is suffi- (b) &
ciently low. In order to model this version of EIA-TOP, we

consider a double TLS, pumped and probed by lasers of the F|G. 1. (a) Energy-level scheme for the double TLS system
same polarizatiofisee Fig. 18)]. The double TLS interacts interacting with two resonant pump¥; andV,, and two tunable
with a pump laser of frequenay,, which couples levefj; to  probes,V,; andV,;. (b) Energy-level scheme for the four-levil

e, and levelg, to e,, with Rabi frequenciesy; andV,. The  configuration atom interacting with two resonant pumgsandV,

€, to g, transition is forbidden by selection rules. The probeand a tunable proba/,
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four peaks[11]. We also study the effect of introducing that they become significant as in R¢]. In writing the
phase-changing collisiond2,13 in both models, and find equations of motion we have used the rotating-wave approxi-
that the EIA peaks that appear at low pump intensity becomenation in which

narrower in both cases, and persist to higher pump intensities

than in the absence of such collisions. At these intensities, Vi =Vi(opexp—iwt) + c.c., 5
which are different for each of the models, the EIA peak is
surrounded by a broader dip. Vip= Vip(wp)exp(— wgt) +c.C. (6)

When the double TLS is Doppler broadened in the ab-
sence of phase-changing collisions, the spectrum is charac- In order to calculate the probe absorption and refraction to
terized by EIA at low pump intensities. On increasing thefirst order in the probe, and to all orders in the pump, we
intensity, the spectrum resembles that of a simple TLSsolve Eqs(1)—«4) in two stages. In the first stage, the system
namely a dead zond 4,15, but with the addition of a small interacts only with the pump so that the off-diagonal density
EIA peak at line center which does not exist in the absencenatrix elementgpe g andpe,4, can be expressed in terms of
of Doppler broadening. When phase-changing collisions argneir Fourier amplitudes as
included, the spectra for both models resemble those ob-
tained in the absence of Doppler broadening, namely, a cen- Peg = Pegl@)eXp(=iwt), (7)
tral EIA peak surrounded by a wider dip. In both models,
Doppler broadening increases the width of the dip which stillwherei=(1,2). Inserting Eqs(5) and(7) into Egs.(1)<4),
remains sub-Doppler. However, the central EIA peak bewe obtain the following set of linear equations for the Fou-
haves differently in each case: in the double TLS case, theier amplitudes:
peak becomes narrower on Doppler broadening but, in con-
trast to theN system[11], does not develop a dip at line pglgl: - 7(98191_ P, + *yelglpglel+ i[Vi(= @1)pe,q, (1)
center. In addition, we show here that the dip that appears at
line center in the probe absorption spectrum ofltheystem, = Vi(w1)pg e, (- w1)], (8)
in the presence of Doppler broadening, can be wiped out by
introducing phase-changing collisions. 0 _ 0 e 0 0
We calculate the EIA-TOP for realistic atomic transitions Payg, = ~ Pa,g, ™ Payg) * YeygPere, T IPese,
and show that bothr, and linearly polarized lasers give EIA- +i - - _
TOP without inelastic collisions. Ve~ wipeg(w) = Velwipye (- wp],(9)

Il. EQUATIONS OF MOTION Peg(@) = ~[i(wgg = @) + Tgg lpeg(w1)
H 0 0
We begin by writing the equations of motions for the +iVi(w1)(pgg ~ Pee) (10)
double TLS of Fig. 1a):
. . * ‘0 _ _ 0 1 A — —\V.(—
Pg,g, =~ 'y(pglgl - pg?gl) + Ye,g,Peje, ~ I(leelgl - leglel)’ Pee = (y+ F)pqq + |[V|(wl)Pgiel( w1) = Vi( wl)Pelgi(wl)]-
(1) (11
. eq Equations(8)—«11) are solved in the steady state by setting
Po,, = ~ NPy, ~ Poya,) + YegPere,  IPese, the time derivatives to zero.
C g In the second stage, the probe field is included to first
= (Vopesg, = Vapase,): @ ity matr

order, so that the density matrix elemepg@i now oscillate

, i . at three frequenciefl8-2Q: the pump frequencyw,, the

Pag = ~ (1wgg + Lag)pag ~1Vilpgg ~ Pee) (3 probe frequencyw,, and the four-wave mixing frequency
2w~ w, SO that

pee == (Y+ Dpee = i[Vibge = Vi Peg ], 4

o =~ (7 Dbeg ~1lMipgq = Vikeg) “ e = Pag (0)EXD= 1010) + pag (wp)eXp— i)
wherei=(1,2). In Egs.(1)«(4), vy is the decay rate due to the _
time of flight of the atoms through the laser bedmis the * Pag (201~ 0p)exp (2w, ~ wp)t]. 12

decay rate of the excited states due to spontaneous emission, . . . . .
Yeus, @ e,q, are the decay rates froea to g, andg,, which ?lmn.arly, thT pgpulatlons can be written in terms of their
are determined by the branching ratio of the atomic transi- ourier amplitudes as
tion, so thatyeq =A°T" and ve,q, =BT, where A>+B?=1.
Felgi:%F+F* is the transverse decay rate for the transition
between stateg andg;, wherel™ is the rate of phase chang- + pgigi(wl - wp)exg—i(w — wp)t]. (13

ing collisions. Here, we have neglected population transfer-

ring collisions between the two ground states. This is genernserting Eqgs.(5), (6), (12), and (13) in Egs. (1)—4), we
ally valid for experiments in alkali vapors or beaffi$,17, obtain the following set of linear equations for the Fourier
unless we specifically choose the experimental parameters sonplitudes:

Pag = P * Pag(@p — wDEXH =i (wp = w)t]
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bglgl(wl - wp) == [i(wp —w) + Y]Pglgl(wl - wp)
+ 'Yelglpelel(wl - wp) +i[Vi(- )

X Pelgl(zwl - wp) - Vl(wl)Pglel(_ wp)

+ Vpl(_ wp)pelgl(wl)]' (14)
Pg0,(@1 = wp) = = [(wp = w1) + ¥]pg,g, (w1~ wp)
+ '}’elgzpelel(wl - wp) + Fpezez(wl - wp)
+i[ V(= W1)Pe,g, (201 = wp) = Vo(wy)
ngzez(_ wp) + sz(_ wp)Pezgz(wl)]y (15

pqgi(wp) == I:i(weigi - wp) + Felgi]Pelgi(wp)

+ i{Vi(wl)[Pgigi(wp - wl) - peig(wp - wl)]

V(0962 — %), 16)
belgi(zwl - wp) == {i[weigi - (2(01 - wp)] + I‘eigi}
X peg (201 = wp) +i{Vi(w1)
X[pgigi(wl - wp) - pqq(wl - wp)]}v (17)

Pee (01— wp) == [i(wp = @) + ¥+ Tpee(@r — wp)
+i[Vi(w1)pge (= wp) = Vi(= 1)
X peg (201 = wp) = V(= 0p)peg (01)].
(18)
The equations fopaiai(wp_wl) for a=(g,e) andi=(1,2) can

easily be written by analogy with Eq€l4), (15), and(18).

IIl. PROBE ABSORPTION IN DOUBLE TLS

The probe absorption for the double TLS shown in Fig.

1(a) is given by[5]

ax Im[Azpelgl(wp)/Vpl + pezgz(wp)lvpz], (19

which is derived assuming thamelgl:A,ueZg2 so thatV;
=AV, and Vp, =AV,,. In our calculations we tak&=0.816
which is the value that corresponds to #g=2— F¢=3 cy-
cling transition in®’Rb.

As can be seen from EL9) and Fig. 1a), the total probe
absorption for the double TLS results from interference be-
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FIG. 2. Probe absorption spectrum for the double TLS system:
(a) contribution from first transition, It(rAZpelgl)F/Vpl, (b) contri-
bution from second transition, I(mezgz)l“/vpz, and(c) total probe
absorption spectrum: IE(AZpelgl)/Vpl+(Pezgz)/sz]l", for V,/T
=0.1,V,=0.816/, and y/T'=0.001.

cussed in Ref{8] this leads to a narrow dip at line center in
the probe absorption spectrusee Fig. 2a)]. In the second
transition where the probe Rabi frequencW|,§2, the decay
rate out of the system from the excited state is equal to that
of the ground statee, = yg,= y. However, TOP from the first
TLS compensates for the depletion of the ground-state popu-
lation by the pump, thereby increasing the absorption. This
leads[8] to a narrow peak at line centgsee Fig. 2b)].
When the contributions of the separate TLS'’s are added, a
peak is obtained in the probe absorption spectrum, as shown
in Fig. 2(c). When population transferring collisions between
the ground states are included, the narrow features are wiped
out, as was shown in our previous pap&rwhere EIA-TOP
resulted from population transfer to and from states that did
not interact with the lasers.

In the next section, we compare the probe absorption
spectra for the double TLS with those of tNesystem[11].
We will see that the narrow features disappear with increas-
ing pump intensity as in the ordinary TL8].

IV. COMPARISON OF THE DOUBLE TLS
AND THE N SYSTEM

The probe absorption for the double TLS is compared

tween the two transitions that interact with the probe. Thewith that of theN system[11] for the case of a weak probe in

transitions are not equivalent. This is due to the fact &at

decays into both the ground stateg, and g,, wherease,

Fig. 3. The left column refers to the double TLS and the right
column refers to theN system. We see that at low pump

decays into only the, ground state. Let us compare each ofintensities, the probe absorption in both cases is character-
the interacting TLS’s with the single TLS discussed in Ref.ized by an EIA peaKFigs. 3a) and 3b)]. When the pump

[8]. For this purpose, we assume that there are no populatidntensity increases, the width of both EIA peaks increases
transferring collisions between the two TLS’s. In the first[Figs. 3c) and 3d)], with significant enhancement of the
transition with probe Rabi frequenay,;, the total decay rate narrow peak in the case of thé system[Fig. 3d)]. As the

of the excited state out of the systemy'g1 =Y+ Yeyq, which
is greater than the decay rate of the ground statés dis-

intensity is increased further, the EIA peaks disappear, as
discussed in Refg3,11]. At even higher pump intensities,
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double TLS N system
1.75 1.15
(a) (b)

FIG. 3. Calculated probe ab-
sorption spectra for the double
TLS (left column and for theN
system(right column). In (a) and
(b), V,/T'=0.01, in(c) and (d),
V,/T'=0.1, and in(e) and (f),
Vo/T'=4. In all the graphsV;
=0.816/, and y/I'=0.001.

absorption
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or or

the population is swept into levets and g,. Consequently equivalent to reducing the pump Rabi frequency since the
the absorption spectrum of the double TLS reduces to thapectra are determined by the parame\effelgi.

of a single TLS[Fig. 3e)], whereas the absorption spec-

trum of the N system acquires four peaks centered at fre-

quencies #V;+V,) [Fig. 3f)]. The origin of the four peaks B. N system

can be explained in terms of the dressed states produced by In Fig. 5, we compare the absorption spectra for he

the two pumped transitions which have different Rabi fre-system, in the absence and presence of phase-changing col-

quencieq11]. lisions. At low intensities, the background absorption widens
in the presence of the collisions, and the central feature be-
V. EFFECT OF A BUFFER GAS ON THE EIA SPECTRA comes narrowefsee Figs. &) and §b)]. As the pump in-

. . ) tensity increases, the spectrum in the absence of phase-
The effect of phase-changing collisions induced by achanging collisions is characterized by four pegee Figs.
buffer gas have recently been discussed fon asystem 5.) and Ge)] whereas the spectrum in the presence of the
[12,13. Here we compare the effect of the phase-changinggjisions has an EIA peak. As in the case of the double TLS

collisions on both types of EIA spectra. system, increasing the rate of collisions is analogous to de-
creasing the pump intensity. This explains the difference be-
A. Double TLS tween the spectra in the presence and absence of phase-

In Fig. 4, we compare the absorption spectra for thechanging collisiongsee Figs. &) and §f)]. It should be
double TLS, in the absence and presence of phase—changilﬁ_&ted that the spectrum shown in Figf)sesembles that of
collisions. At low intensities, the collisions broaden the back-F19- 4(d) of the double TLS in that both consist of a narrow
ground absorption, leaving the central feature almost unafE!/A peak inside a wider dip. .
fected[see Figs. @) and 4b)]. As the pump intensity in- Figure 6 shows absorption spectra calculated in the ab-
crease$Figs. 4c) and 4d)], the population is swept into the S€Nce of TO(_:. TOC can be neglected When the excited states
second TLS, and the spectra with and without phase chan@'® far apart in energi22]. We see from Figs. @), 6(c), and
ing collisions resemble those of a single T[A], except for (e), that ElAis abse.n.t at all intensiti¢$1]. The addition of
a residual EIA peak at line center in the presence of théhase-changing collisiorjsee Figs. @), 6(d), and &f)] re-
phase-changing collisior&ig. 4d)]. This structure, consist- sults in spectra that resemble tho_s_e of the simple TLS, in the
ing of a dip of width of the order of and a narrow central Presence of phase-changing collisig@s].
peak, can be predicted from the analytical expressions given
in Ref.[18]. On further increase in the pump intengjiigs.

4(e) and 4f)], the residual EIA peak disappears. The occur-
rence of the residual peak can be understood by noting that We calculate the Doppler broadened probe absorption
the introduction of phase-changing collisions is somewhatvhich is given by

VI. DOPPLER BROADENING

043814-4
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no collisions (I‘GE/l‘=0) FGE/I"=10

PHYSICAL REVIEW A 70, 043814(2004)
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@) 17 f {b)
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! Q- 01 | 0% 0 o1
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0
- 0 ! ! 0 1 FIG. 4. Calculated probe ab-
025 0.08 sorption spectra for the double
0.3 0.085 d TLS without (left column),
@ I'ce/T'=0, and with phase chang-
15 s ONE 5 ing collisions (right column,
Fge/T'=10. In (& and (b), V,/T
=0.1, in(c) and (d), V,/I'=0.5,
o 0.07 and in(e) and(f), V,/I'=4. For all
-5 0 5 T-5 0 5 spectra V;,=0.816/, and /T
=0.001.
- 0.015
(e) U]
Ny
0
10 0 10 10 0 10
Ry Ry

[’

a(wp)P = (1/mD?)12 f a(A',Apexp - (A - A")%D?]dA’,

In Fig. 7, we compare the absorption spectra of the double
TLS system, in the absence and presence of Doppler broad-
ening. At low intensity[Figs. 1a) and {b)], the EIA peak is
narrowed on Doppler broadeniridl]. At higher intensity
[Figs. 1c) and 71d)], the EIA peak disappears in the absence
of Doppler broadening but is found in the presence of Dop-
pler broadening. Its appearance there is due to the interfer-
ence of the contributions to the Doppler broadened spectrum

! FIG. 5. Calculated probe ab-
sorption spectra for thsl system,
which includes TOC, withoudeft
column, Tge/T'=0, and with
phase changing collisiongright
column, T'ge/T=10. In (a) and
(b), V,/T'=0.1, in (c) and (d),
V,/T'=2, and in(e) and (f), V,/T"

5 =4. For all graphsV,;=0.816/,
andy/I"=0.001.

(20)
where Ay =weq—w1p  Ap=Ap=Aj-A;, and D
=(2kgT/m)Y2w/c Is the Doppler width.
no collisions (F:EE/F=O ) 1";-,5/1"=1 0
6 0.075
(@) (b)
. /‘\ 008
-1 0 1 -1 0
05 015
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no collisions (I T=0 ) I /=10
2@)/\/\ T
0 0.02
! 0 ! 5 0 ! FIG. 6. Calculated probe ab-
0.4 0.08 sorption spectra for thbl system,
(c) (d) in the absence of TOC, without
8 (left column), Ts/T =0, and with
5 phase changing collisiongright
| column, I'e/T'=10. In (a) and
(b), V,/T'=0.1, in (c) and (d),
g 5 . 008 o s V,/T'=2, and in(e) and (f), V,/T’
=4. For all graphsVv;=0.816/,
0.4 and y/I"=0.001.
(e) (f)
OW
-10 0 10 -10 0 10
Yy Ly

from £A’. At even higher Rabi frequencies, the spectra re-also been noted in the case of EIA-TQE,11]. However,
semble those of the simple TLS, namely, a Mollow spectrunthere, a dip develops within the peak, whereas, in the case of
in the absence of Doppler broadening, and a dead zone in tHA-TOP, no such dip occurs.
presence of Doppler broadenifi4,15. Doppler broadening of th&l system has been discussed
When phase-changing collisions are introduced, the spedn previous paper$4,11]. The main conclusion was that at
trum (see Fig. 8 resembles the equivalent non-Doppler low intensity, in the presence of TO@], the EIA peak de-
broadened spectrunfiFig. 4(d)], except that the dip is velops a dip. For high pump intensities where the spectrum
broader, but still far narrower than the Doppler width, while is characterized by four peaks, Doppler broadening deepens
the central peak is narrowed. This Doppler narrowing hagshe dip[11].

No Doppler D/r=20
1.7 .074
*l@ 0074 )

1.6
-0.1 0 0.1
0.4 FIG. 7. Calculated probe ab-
“lte) sorption spectra for the double
5 TLS, without (left columr), and
& with  (right column Doppler
§ broadening(D/T'=20). In (a) and
© (b), V,/T'=0.01, in (c) and (d),
0 0 V,/T'=0.5, and in(e) and (f),
-5 0 5 -5 0 5 V,/T=4. For all graphs V;
=0.816/, and y/I'=0.001.
0.05 0.1 -3
(e) ® 55X 10
0 g
2
-0.1 .
-0.05 0
-10 0 10 -10 0
3T 3T
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0.049 T T T 1040 T
2 5
Q =
2 5
k| &
3]
0.047
0046 S~
0.045—m
-01 0 01
0.0455 s : s 900 .
-5 -2.5 0 2.5 5 -0.1 0 0.1
8T 3T
FIG. 8. Collision broadening of Fig.(d). D/I'=20, F*GE/F FIG. 10. Realistic atomic system: probe absorption for the cy-
=10,V,/I'=0.5,V;=0.816/, and y/I'=0.001. Compare with spec- cling Fq=2—F¢=3 transition of theD, line in 8"Rb, interacting
trum of Fig. 4d), in the absence of Doppler broadening. with a o, polarized resonant pump laser and a tunahlgolarized

probe laser, with()/T'=0.1. The atomic density was taken to be
We now compare the Doppler-broadened spectra oNthe 1412 51oms/cr and y/T'=0.001.

system, in the absence and presence of phase-changing col-
lisions. We see that at low intensity, the peak becomes draalistic alkali-metal atomic transition. The transitions which
matically narrower on introducing phase-changing collisionamost closely correspond to the model are cycling transitions
[see Figs. @) and 9b)], as in the case without Doppler whereF.=F4+1 andF,>0, pumped and probed hy, po-
broadening[see Figs. &) and %b)]. At high intensity, the larized lasers. In these systems, only the extreme transition
dip that occurs in the Doppler-broadened spectrifig. |Fg,mg:Fg>—>|Fe,me:Fe> contributes a peak to the spec-
9(c)] becomes less deep when phase-changing collisions ateim at line center, whereas the others contribute small dips.
introduced, and can even be totally wiped out by furtherThe contribution from the extreme transition dominates those
increasing the rate of phase-changing collisions. from the other transitions for two reasons. First, its ground
state has the greatest population since population cannot be
VII. REALISTIC SYSTEMS PUMPED WITH PUMP pumped out of it, and second, it has the largest transition
AND PROBE LASERS WITH THE SAME POLARIZATION dipole moment. In Fig. 10 we show the probe absorption
At the pump intensities where EIA-TOP occurs, thespectrum for thé=;=2—F.=3 D, transition of®’Rb. As the
double two-level model is not exactly equivalent to any re-pump intensity increases, the peak shown in Fig. 10 disap-

no collisions (I /T'=0) I /T=10

0.3 (@) 0.14 (b)

FIG. 9. Doppler broadening,
D/T'=20, of theN system in the
absence(left column and pres-

c
2 0'9%1 0 0.1 0'%1 0 0.1 ence (right column of phase
5 changing collisions,I'5z/I"=10.
f(: 0.4 © 0.045 @ In (@) and (b), V,/T'=0.5, and in
(c) and (d), V,/I'=4. For all
graphs V;=0.816/, and vy/T’
=0.001.
0 0.02
-2 0 2 -2 0 2
& T
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pears, since the population is swept into the extreme state gfive an EIA peak at line center, whereas at high intensity, the
that the system corresponds to a single TLS. The phenontouble TLS has the same spectrum as a simple TLS and the
enon can be observed at higher pump intensities using B system has a spectrum with four peaks. When phase-
transition characterized by higher valuesFafsuch as the changing collisions are introduced, the EIA peak is narrowed
|Fg=4,my=4)—|F.=5,m,=5) D, transition of**Cs. Here for both models, and is obtained at higher pump intensities
the pump intensity has to be divided among a larger numbehan in the absence of buffer gas. At these intensities, which
of sublevels thus each transition effectively sees a lower inyre different in each model, the central EIA peak is sur-
tensity. Lipsichet al. [23] did not obtain EIA for lasers with 4 ,nded by a wider dip.

parallel polarizations, interacting with an artificially closed  \yhen the double TLS is Doppler broadened in the ab-

Fg:ﬁ, t?] Fe=2 transition, since the pump intensity used WaSgence of phase-changing collisions, the spectrum is charac-
too high. terized by EIA at low pump intensities. On increasing the

EIA-TOP also oceurs in reallsuc.cyclmg transitions intensity, the spectrum resembles that of a simple TLS,
pumped and probed with linearly polarized pump and probe

lasers. In general the effect is smaller than in the case, of hamely a dead zone but with the addition of a small EIA

polarized lasers. The peaks come from those transitions wit eak at line cen?er which does not eX'S.t n thg gbsence_of
higher |my|, whereas the dip are from the transitions with oppler broadening. When phase-changing collisions are in-
lower |mg|. We discussed the absorption for realistic system§|“ded' the spectra for both models resemble those obtained

pumped and probed by lasers with different polarizations il the absence of Doppler broadening, namely, a central EIA
Ref. [11]. peak surrounded by a wider dip. In both models, Doppler

broadening increases the width of the dip which still remains
sub-Doppler. However, the central EIA peak behaves differ-
ently in each case: in the double TLS case, the peak becomes
In this paper we show that EIA-TOP can even be obtainedharrower on Doppler broadening but, in contrast to bhe
for a degenerate TLS wheFg=F4+1 andFy>0, probed by  system, does not develop a dip at line center. In addition, we
lasers of the same polarization, in the absence of inelastishow here that the dip that appears in the probe absorption
collisions. We model this EIA-TOP, using a double TLS, spectrum of theN system in the presence of Doppler broad-
pumped and probed by lasers of the same polarization. Wening, can be wiped out by introducing phase-changing col-
compare the probe absorption spectra for the double TL8sions. We calculate the EIA-TOP for realistic atomic tran-
with those obtained for thil system[11], which is a model sitions and show that both, and linearly polarized lasers
for EIA-TOC [3,4]. At low intensity, both model systems give EIA-TOP without inelastic collisions.

VIIl. CONCLUSIONS
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