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Atom localization via phase and amplitude control of the driving field
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Control of amplitude and phase of the driving field in an atom-field interaction leads towards the strong line
narrowing and quenching in the spontaneous emission spectrum. We exploit this fact for the atom localization
scheme and achieve a much better spatial resolution in the conditional position probability distribution of the
atom. Most importantly the quenching in the spontaneous emission manifests itself in reducing the periodicity
in the conditional position probability distribution and hence the uncertainty in a particular position measure-
ment of the single atom by a factor of 2.
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[. INTRODUCTION atom, gives the position information of the atom. The main
advantage of these schemes over the previous schemes is that

In recent years, a considerable attention is given to thene gets the position information of the atom in real time
development of various techniques based on the opticakithin the subwavelength domain of the optical field and
methods to measure the position of the atom. This is due twith a high spatial resolution.
the fact that the optical methods provide better spatial reso- However, there is a main drawback in all of the schemes
lution in position measurement of the atom. For example, thén which the atom interacts with the standing-wave field,
concept of optical virtual slits is proposed to localize thenamely, the periodicity of the standing-wave field yields
atom within the subwavelength domain of the optical field.four, equally probable, different positions of the atom in a
In this scheme the atom interacts with a standing-wave ﬁe'(d]nit Wa\/e|ength domain of the optica| field when a sponta-
and during its interaction a phase shift is introduced in theheously emitted photon is detected. Therefore, for a single
field. The measurement of this phase shift then gives thgequired frequency measurement, the probability of finding
position information of the atorfil]. _ _ the atom at the particular position is 1/4. Keeping in mind

In a related experiment an encoding method, in which they, simplicity of these techniqudd41—17, the main ques-
atom’s po;ition s enched with .the excitation a_tmplitude Oftion, therefore, arises; is there any way to reduce this uncer-
two long-lived electronic states, is used to localize the ato ainty in measuring a particular position of the atom? In this

in an array of virtual slits2]. This experiment gives the aper we address this question and show that we can reduce
possibility of producing narrow localization structures with baper we adare ques o SR
the periodicity in the conditional position probability distri-

widths below\/20. In another idea, the phase quadratur tion b loving the oh q litude of the drivi
measurement is investigated for the case when transver _éjlc'jon y employing the phase and amplitude of the driving
motion of the atom cannot be neglect§d,4]. In these "€9- .

The idea of phase-controlled fluorescence is originated by

schemes, the method of continuous homodyne detection, . h -
which is based on the Monte Carlo technidi&, is em- Bais, Yodth, and Mossbefd8]. They experimentally studied

ployed to monitor the transverse motion of the atom. In anhe resonance fluorescence during phase-controlled transient
other related scheme, in which the atom localization is pro&xcitation and modified the resonance fluorescence spectrum

posed by using Ramsey interferometry, it is shown that thé!Sing phase-controlled optical fields. Recent studies show
use of a coherent-state cavity field is better than the classic#at ultranarrow spectral lines with a selective and total can-
field to get a higher resolution in position information of the cellation of the fluorescence decay can be achieved by con-
atom[6]. trolling the relative phase and amplitudes of the driving
Earlier, some experiments based on the resonance imafields[19,20. This strong line narrowing and selective can-
ing methods are proposed for the precision position measureellation of the fluorescence decay can play a strong role in
ment of the moving atom]. In these experiments informa- enhancing the efficiency of the atom localization schemes.
tion about the position of the atom is obtained with a spatiaHere we suggest that the control of the phase associated with
resolution of 1.7um when a magnetic-field gradient is used the classical standing-wave driving field reduces the period-
[8]. This spatial resolution is then enhanced to 200 nm wheiicity in the position probability distribution by a factor of 2.
instead of magnetic-field gradient a light shift gradient isThis occurs due to the quenching of the spontaneous emis-
used[9,10]. sion by controlling the phase associated with the classical
More recently, some methods based on the detection aftanding-wave driving field. Therefore, certain choice of the
the spontaneously emitted photon during the interaction ophase associated with the classical standing-wave driving
an atom with the classical standing-wave fifld—17 are field increases the probability of localizing the atom at a
proposed. These methods are based on the fact that the frearticular position in a single required frequency measure-
guency of the spontaneously emitted photon, due to its direanent by a factor of 2. We also observe that control of the
relation with the position-dependent Rabi frequency of theamplitudes of the driving field exhibits a strong line narrow-
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sition dependent and hence the corresponding Rabi fre-
quency of the atom is defined &k;(x) =5 sin(xx), where
% Detector Q3(x) is the position-dependent Rabi frequency and the
z "‘—L\ JJJ' wave vector of the standing-wave field that is definedcas
=2m/\.
\ Here we consider that the atom is moving with high
X \ ‘ enough velocity that its interaction with the driving fields
does not effect its motion along tzelirection and, therefore,
‘/\I\’\ (1) @ "LL‘ we may treat its motion in thedirection classically. We also
assume that interaction time of the atom with the standing-
wave field and hence the Rabi frequency is sufficiently small
so that the center-of-mass position of the atom along the
® Atom standing wave does not change during the interaction time
and thus we may neglect the kinetic-energy term of the atom
FIG. 1. An atom is moving along direction and passing in the interaction Hamiltonian under the Raman-Nath ap-
through an interaction region. There are three classical fields interproximation. Therefore, the resulting interaction Hamiltonian

acting with the atom one of which is a standing-wave field alignedfor the resonant atom-field system can be written as
in thex axis. While the traveling-wave field4) and(2) are aligned

in such a way that these are mutually perpendicular. The atom ra-V:ﬁ[QleikX 00591|a><b| +Qle*ikx C03’*1|[;)><a|]
diates spontaneously and the frequency of the spontaneously emit- " , i )
ted photon is measured by a detector. +h[Q,e"*%|b)(c|+ Qe " %%|c)(b]]

+#[ Q5 sin(kx)|a)(c|e'*+ Q5 sin(kx)|c)(ale '¢]

ing that yields a better spatial resolution in position measure-
ment of the single atom. _ _
+hi| 2, (ge(x)e|a)(d|by+gi (x)e "¢ d)(albf) |-

II. MODEL AND EQUATIONS “

We consider an atom, moving in thedirection with a @
center-of-mass wave functidr{x), passes through the clas- Hereg,(x) is the coupling constant associated with the spon-
sical standing-wave field, which is aligned along thaxis  taneous emission of the photon andand bl are the anni-
(see Fig. 1 The atom has an higher energy ley®l and a hilation and creation operators corresponding to the reservoir

lower energy leveld). The atomic decay takes place from modesk. The detuning paramete, is defined as
the level|a) to |d) at a ratel’ due to the interaction of the

atom with the reservoir modes. The decaying lejal is Ok= Wad— Vk, 2
coupled to another energy levb} and further the leveb) is _ ) N

coupled to a levelc) via classical fields. The corresponding Where w,q is the atomic transition frequency between the
Rabi frequencies arf, andQ,, respectively. At the same €nergy levelga) and|d) and v is the frequency of the res-
time the decaying leveh) is also coupled to the levéd) via ~ €rvoir modexk.

a classical standing-wave field of frequeneyand having a The atom-field state vector for the complete system can
relative phasep. The corresponding Rabi frequency s, D€ written as
(see Fig. 2.

The atom during its motion in the direction passes W(X;t)):f dx f(x)|x)
through the classical standing-wave field. The interaction be-
tween the atom and the classical standing-wave field is po-

Cao(x;t)[@,0)+ Cp o(x;1)|b,0)

+Cc,o(x;t)|c,0>+; Cag (D[ L)|,  (3)

taneously in the reservoir mode

Our atom localization scheme is based on the fact that the
spontaneously emitted photon carries the information about
the position of the atom due to the dependence of its fre-
AV |d) guency on the position-dependent Rabi frequency of the

atom associated with the classical standing-wave figld-
FIG. 2. The energy-level diagram of the atom. The atomic decayl6]. Therefore, the position measurement of the atom is con-
takes place only from leved) to the level|d). ditioned on the detection of the spontaneously emitted pho-

. |a)

: where the probability amplitudes; o(x;t) (i=a,b,c) repre-

1 9) b) sent the state of the atom when there is no spontaneously

: 3 I emitted photon present in the reservoir mod#e and

I Cyq1 (X;1) is the probability amplitude that shows that at time
F 'k

: Io) t the atom is in the leveld) with one photon emitted spon-

1

1

1

1

1
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ton. The conditional position probability distribution
W(x;t|d,1,) is thus defined as the probability of finding the
atom at positionx in the standing-wave field given that a
spontaneously emitted photon is detected at time the
reservoir mode of wave vectdr. This conditional position
probability distribution can be determined by taking the ap-
propriate projection over the atom-field state ved®rand
thus we obtain

2

r o
s+ —) Cao(S)+iQe*xcosticy ()

+iQ3sin(kx)e'“C o(s)=0, (12
ine_ikx cosalCa,O(S)

+5GC, oS) +1Q,e*050%C (5)=1, (13
W(x)=W(x;t|d,L) = F(x;t|d,1)|f(x)]?, (4

with the filter function defined as

Ft]d, 20 = AT?|C (60 ©

iQ3sin(kx)e”'C,o(S)
+iQ e kxest2C, (8)+5C, o(S)=0, (14)

Cu1, (1) =—igg Caols). (15)

This shows that the conditional position probability distribu- In writing these equations we consider that the atom is pre-

tion follows from the probability amplitudé:d,lk and we

need to determine this probability amplitude.

pared initially in the leve|b), so that onlyCy o(0)=1. The
new set of coupled equatioii$2)—(14) can be solved easily

The required analytical expression for the probability am-using Cramer’s rule and we thus obtain the solution of the

plitude Cq 5, can be found by solving the Scliiager wave

Laplace transform of the probability amplitu@, o(t) as

equation and by using the interaction picture Hamiltonian

(1). We then obtain the rate equations for the corresponding

probability amplitudes as follows:

Caolt)=—i| Q. *SU1C, (t)+Qgsin(kx)C, ot)€'¢

+ 2 g€ Cqy (1), (6)

Cpo(t)= —i[Q e KX COShC, (1) + Qe ¥ S%C (1)],
Cc,o(t) = —i[Q e kxcosh2Cy (1)
+Q3sin(kx)Cyo(t)e'¢], (8)
Ca,1 (D)= —igk ()& "HCyo(1). (9)

On integrating Eq(9) we obtain

t o
Cu, (D= —igg (X) fodt'e_"skt Caolt’), (10

which on substituting in Eq.(6) and performing the

a
CadS)=15 (16)
where

a,=— iSQleikX cosﬂl_QZQSSin(KX)eiq:fikx cosoz,
17)

3, el 21 024 02sir? I

D=s+s E+S[Ql+QZ+QSSl (kx)]+ EQZ

—2i sin( kx) Q10,03 cog ¢ —kxcosdy

—kxcosb,). (18)

The solution for the probability amplitud@d,lk(t) can be

found directly by just replacing with its valueid, and,
therefore, we geCdylk(t) for large time limit when the in-

teraction time is much larger than the atomic decay fate
ie.,I't>1 as
Ca (t—)
5kﬂleikx cosfy __ 9203 sin(Kx)ei‘P‘ikX cosf,
D ,
(19

=—igg (x)

Weisskopf-Wigner approximation, for the initial condition \iih

Cd,lk(0)=0, gives
Caolt) = —i[Q €™ coshC, (1)

+stin(KX)Cc,o(t)ei“’]—gCa,o(t)- (11

HereT is the atomic decay rate from the leya) to the level
|d). On taking the Laplace transform of the equations of mo-

r
D=— 5(5§—Q§)+i[5k sir(kx) Q3

— 200,05 sin(kx)cosp+ 8 (QZ+ Q35— 62)],
(20)

where 6,=7/4 and 6,= 7/2+ 6.

The required probability of finding the atom in the level

tion for the probability amplitudes we get a new set of equa{d) with a spontaneously emitted photon of frequemgycor-

tions as follows:

responding to the reservoir modteis then given by
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Q303 sin(kx)— L, ][sin(kx)—L,]

2_ 2
Caat=) =18l F27a057— 0277+ 0T sinx) — Ry PLsin 0 — R, 2y
where
L i si 22
1—9203(COS§0+I sing), (22
L8l o ’s
z—QZQB(COSso—I sine), (23
010, cose+ 0305 cod o— 6:(Q2+ 05— 57)
ks
and
010, cosp— Q205 cod o— 52 (Q2+ 03— 57)
2= : (25
5kQB
Finally we obtain the filter functio(x)= F(x;t—|d,1,) in the form
Q303 sin(kx) — L ][sin(kx) —L5]
FX)=IM?IGv P 27— a2 2o 5 o 5 2| (26)
o' | T4/4( 8 — Q5)“+ 8 Q3 Sin(kX) — Ry ][ sin(kX) — R;]
|
lll. ANALYSIS OF THE FILTER FUNCTION  F(x) In principle, the quantity that solely determines the con-

ditional position probability distribution is the frequency of
different experimental parameters and see on what Condthe spontaneously emitted photon. The question, however, is

. s " R CONAkyr what values of the frequency we get a maxima in the
tlrrﬁzisnfztrancgtr:)?nltllooncilig c;.:,il(tjlgn Zg)kzatw;ycﬂﬁtsr;gg:'?r?a?iﬂgb'itnsi_fiIter function? This can be easily answered by looking at the
tial position distribution of thpe atoh is a broad wave acketexpression for filter functiori26). Itis obvious that we get

P P peak maxima in the filter function whenever sirR(=R; or

and the filter function/(x), therefore, directly gives the con- sin() =R
ditional position probability distributiofEq. (4)]. In this For the case whefl,=Q,= 0 ande= /2 we get peak

conqmonal position p'robablllty' distribution we get peak maxima when the detuning, satisfies the conditions
maxima at the normalized positions

In this section we analyze our filter functiaf(x) for

kx=sin"(Ry) +n, @7 8=+ 207+ Q3 i (xx). (29

and Similarly for ¢=0 ande= 7 we get peak maxima when the
detuning§, satisfies the conditions
kx=sin"Y(Ry) = nm, (29
_ - — Qg sin(kx) = Q3 sirf(kx) + 8072
whereR; andR, are given by Eqs(24) and(25) while n is o= 5 , (30
an integer having values 0,1,2 . .
It was already discussed that our atom localization

scheme requires the frequency measurement of the spontane-
ously emitted photon in some reservoir mddand the ex- . 7 5
pression(26) clearly shows this fact. From this expression :Q3S'n('<x)i \/Q3smz(;<x)+89 (31)

we observe that the filter functiafi(x) has a direct relation- “ 2 '
ship with the detuning parametég which is proportional to ) _
the measured frequency, of the spontaneously emitted respecuyely. As the frequency of the s'pontaneously §m|tted
photon[Eq. (2)]. Here, it is noticed that the filter function Photon is directly related to the detuning paramefgvia
depends not only on the frequency of the spontaneousl lation (2), therefore, the atomic transition from the energy
emitted photon but also on the amplitud@s, Q,, andQ4 evel |ay to the level|d) is accompanied by a spontaneously
of the traveling and standing-wave classical fields as well a§Mitted photon of frequency

on the phasep associated with the classical standing-wave
field [via Egs.(22)—(25)]. V= wag ™ 202+ Q5 sir(xX), (32

043819-4
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whenQ,=Q,=Q and ¢= 7/2 while the frequency of the
spontaneously emitted photon corresponds to the relation

Q5 sin(kx) F Q3 sirf(kx) + 8072
V= wagt 5 SINX) 23 ( , (33
for ¢=0 and
Q3 sin( kx) F Q3 sirf(kx) + 8072
VK= Wad— , (39

2

whene = 7r. These relations clearly show that the position of

the atom can be found easily once the spontaneously emitted

photon is detected.

We also observe from E@29) that whene= 7/2 we get
four localization peaks in the conditional position probability
distribution in a unit wavelength domain of the standing-
wave field. The number of peaks reduces whken0 or ¢
= and we get two localization peaks in the conditional
position probability distribution within a unit wavelength do-
main of the standing-wave driving field, see E¢30) and

PHYSICAL REVIEW A 65 043819

(2) o)

Wi(x)

© (d)

W(x)

—m/2 0 -/2

Kx

/2 0

KX

/2

FIG. 3. The conditional position probability distributiak(x) is
plotted against the normalized positiax for Q,/T'=Q,/T'=1
and ¢=m/2 when(a) §/T'=5, andQ3/T'=3 (b) §/T'=3, and
Q3/IT=3 (¢) 6J/T'=2, andQ3/T=3 (d) §/T'=5, and Q3/T
=16.

B. Case Il (¢=m)
In this case when the phase of the standing-wave field is

(31). This is the main advantage in the present scheme beset to 7, i.e., o=7 and Q;=Q,=Q the rootR, of the
cause it doubles the probability of finding the atom at a giversinusoidal function in the denominator becomes equal to the

position for a particular frequency measurement.

A careful analysis of the expressi¢26) of the filter func-
tion F(x) shows that there are two roots, i.e; andL, of
the function singx) in the numerator and two roots, i.€;
andR, in the denominator. The rod®, corresponds to the
wavelength range -8 7w and the rootR, corresponds to the
wavelength range- 77— 0 in the unit wavelength domain of
the standing-wave field. We observe that for a phase

rootsL, andL,, i.e.,Li=L,=R,=—6,/Q3. In this case
we expect a vice versa of the previous cage=Q) and the
quenching takes place in the wavelength rarge—0, i.e.,
for sin(kx)=R,. Therefore, we still get two localization
peaks in the conditional position probability distribution but
in the range 6-w of the unit wavelength domain of the
standing-wave field at the normalized positionsx
=sin (62— 202)/(803)].

= /2 associated with the classical standing-wave field the

value of the rootfR; andR, are different from the rootk,

IV. RESULTS AND DISCUSSION

andL,. In this case we expect four peaks in the conditional

position probability distribution in a unit wavelength domain
of the standing-wave field corresponding to the rd®tsand
R,.

However, when the phasge changes fromn/2 to O orr
the rootsL,; andL, become equal tR, or R,, respectively.

In the earlier atom localization schemes, based on the
frequency measurement of the spontaneously emitted photon
[11-16, we observe that for a single frequency measure-
ment the probability of finding the atom at a particular posi-
tion is reduced to 1/4. This is due to the fact that the inter-

As a consequence we expect a quenching in the frequen@gtion of the atom with the standing-wave field introduces a
measurement and two of the localization peaks vanish fronperiodicity in the system and we get four, equally probable,
one side of the unit wavelength domain of the standing-wavéocalization peaks in the unit wavelength domain of the clas-

field depending on which root of sikX) i.e., R; andR, in
the denominator of the E¢26) becomes equal tb; andL,.

A. Case | (¢=0)

For the case when phageassociated with the classical
standing-wave driving field is set to 0 aft, =Q,=( the
rootsL, andL, of the sine function in the numerator become
equal to the rooR; of the sinusoidal function, i.eL,;=L,
=R;=6,/Q3. As a result we expect a quenching in the
spontaneous emission for sixj=R; hence, the localization
peaks in the wavelength range-Or vanish from the condi-
tional position probability distribution and we are left with
the localization peaks only in the wavelength ranger
—0 at the normalized position kx=sin (202

—)(803)].

sical standing-wave field for a single frequency measure-
ment. However, the present scheme reduces the periodicity
of the system due to the quenching of the spontaneous emis-
sion by controlling the phase of the standing-wave field.
Therefore, we expect two localization peaks for a single fre-
quency measurement instead of four peaks. This exhibits a
possibility of increasing the probability of finding the atom at
a particular position by a factor of 2 by controlling the phase
of the driving field.

In Figs. 3a)—3(c), we show the plots of the conditional
position probability distributioW(x) for different values of
S (6 IT'=5, 5 /I'=3, and 5, /I'=2) whenQ/T'=Q,/T
=1, Q,;/T'=3, andp= /2. The dependence of the condi-
tional position probability distribution on the detunidy is
clear from these figures. When the detunifig/I'=5 the
conditional position probability distribution follows the
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Wi(x)
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(2)

()

\

©

@

—n/2

0
Kx

/2

-n/2

0
Kx

/2

FIG. 4. W(x) vs kx for Q/T=Q,/T'=1, Q3/T'=16, ande
=0 (& &/I'=5, (b) 6/I'=3,(c) 6,/T'=v2, and(d) §,/I'=0.5.

FIG. 5. W(x) vs kx for Q,/T'=Q,/T'=1, Q3/T'=16, ande¢
=7 (@ &I/T'=5, (b) &§/T=3, () &§/T=v2, and (d) &/T
=0.5.
standing-wave nature and we get peak maxima only at the
antinodes of the standing wave. &g/I" changes from 5 to 5§=292 we get localization peaks at the nodes of the stand-
3 and then to 2, initial two peaks start splitting into four ing wave, see Figs. (4—4(c). However, when (22
peaks, which then move away from the antinodes towards- 52)/( 8Q3)>0 the two localization peaks that are initially
the nodes of the standing waysee Figs. 8—3(c)]. This in the left side region of the conditional position probability
clearly shows the strong correlation between the position ofiistribution (— 7—0) completely shift to the right side re-
the atom and the frequency of the spontaneously emittedion in the conditional position probability distribution (O
photon. — ), see Fig. 4d). Figure 5 shows a completely inverse

However, the width of the localization peaks in the con-picture when the phase of the standing-wave field is set to
ditional position probability distribution is large and there is instead of 0.
overlapping of the adjacent peaks as well, see Fi@s.a&hd It is already discussed that the line narrowing strongly
3(c). Hence we do not achieve best spatial resolution in atondlepends on the amplitude of the Rabi frequency of the atom,
localization for these cases. This is due to the fact that thee., ()5/T". Therefore, we get very narrow structure in the
coherence in the system plays a crucial role in the atongonditional position probability distribution for the higher
localization scheme and to get a minimum width with bestvalues of();/T" [see, Fig. &), Fig. 4, and Fig. § It is also
spatial resolution in the position distribution we must havenoticed that the width of the localization peaks remains al-
Q3/T'>1. In Fig. 3d), we observe that even fa¥ /I'=5,  most constant with the variation in the detuning parameter
for which we get worst localization in Fig.(& when  5,. In Fig. 6, we present the plot of the width of the
Q3/T'=3, we still get best localization peaks having smoothiocalization peak$);/T". We observe that the decrease in the
background and minimum widths when the amplitédigof  width w of the localization peaks initially is very sharp but
the standing-wave field is increased froi ® 16" after a certain limit of the)3/T", which is in our case equal

Next, we look at how the quenching in the spontaneouso 8, it follows an asymptotic behavior and practically it
emission contributes in enhancing the precision positiortemains constant for higher values of the rdtig/T .
measurement of the single atom by controlling the phase of
the standing-wave field? In Fig. 4, we show the plots of the
conditional position probability distributiolv/(x) for differ-
ent values of5, /T when the phase of the standing-wave In this paper we presented a scheme for the localization of
field is set to 0 and); /T =Q,/T'=1 while Q;/T'=16. We  the single atom. This scheme is based on the fact that the
get a quenching of the spontaneous emission in the normal-
ized position range 0> and we see that the atom localiza-
tion peaks from the right side of the conditional position
probability distribution completely vanish. Therefore, we
have now two atom localization peaks instead of initial four
peaks for a single frequency measurement of the spontane- LAY
ously emitted photon. This shows a clear advantage over the

V. CONCLUSION

0.4

0.3

earlier localization schemgd1-1§ where we get four lo- 0.1
calization peaks in a unit wavelength domain for a single
0.0
frequency measurement. . y 50 75 100 125 150 17.5 200
The position of the maxima in the conditional position KX

probability distribution strongly depends on the value of the
detuning §,.. As the detuningsd, decreases the localization FIG. 6. Width w=«xAx vs Q3/T", when Q;/T=Q,/T=1,
peaks shift towards the nodes of the standing wave and fao$, /T’ =5, ande= .
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spontaneously emitted photon carries the information abowterved in the plots of conditional position probability distri-
the position of the atom in a position-dependent interactiorbution that we get a better signal to background ratio for a
of the atom with the classical field. Therefore, measuremenrtiigher ratio of(2;/I". As a result we get best resolved peaks
of the frequency of the spontaneously emitted photon localwith strong line narrowing in the conditional position prob-
izes the atom in real time, i.e., when the atom is still in itsability distribution for Q4/I'=16. The choice of this high
passage through the driving field. This localization is doneratio of the Rabi frequency to the atomic decay rate is
within the subwavelength domain of the optical field. achievable experimentally in the microwa\&l] and optical

We demonstrated that the number of localization peaks imegions[22]. It is also to be noticed that we must consider
the conditional position probability distribution reduced to );=(,, because a bichromatic field having different Rabi
half as compared to the earlier related schemes. This is dorfeequencies introduces an asymmetry in the sidebands of the
by controlling the phase of the standing-wave field thatspontaneous emission spectr{@3].
guenched the spontaneous emission. This enhances the effi-As a concluding remark we like to mention that above-
ciency of the system and reduces the number of atoms renentioned single atom position probability distribution is a
quired for a specific position measurement of the single atonsonditioned probability distribution, which is conditioned on
by half. the measurement of the frequency and direction of the spon-

Another important parameter to discuss, as far as atorteneously emitted photon. An experiment using an atomic
localization is concerned, is the spatial resolution in the pobeam requires to measure the spontaneously emitted radia-
sition distribution. It is already discussed that the amplitudetion of every atom that passes the field and due to isotropic
of the driving field plays an important role in line narrowing nature of the spontaneous emission it is required to use 4
and the filter functionF(x), besides other parameters, detectors. However, it is not necessary to find the position of
strongly depends on the amplitudes of the driving fields. It issach atom rather it is sufficient to select only those atoms
observed that the width of the atom localization peakswhose spontaneous emitted radiation has definitely been de-
strongly depends on the amplitude of the standing-waveected by the detector.
field. Therefore, it can be reduced considerably by control-
ling the amplitude of the standing-wave field. In the present
scheme we observed very narrow localization pedkg. 4
and Fig. 5 and a spatial resolution of the order xR200 is One of us(M.S.Z) gratefully acknowledge the support
calculated forQ)/T'=Q,/T'=1 andQ;/T'=16. from Air Force Research LaboratofiRone, NY), DARPA-

Therefore, the proposed scheme suggests that the positi@ulST, and the TAMU Telecomunication and Informatics
information of the atom is greatly enhanced by controllingTask Force(TITF) initiative. We also like to thank Shahid
the phase and amplitude of the driving fields. It is also ob-Qamar for some useful discussions.
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