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Abstract

The system of atomic three —level cascawieson has been investigated as a potential sdordeo—
photon interference experiments. The theory of@poton interference experiment with thermally |peich
three-level atomic system acting as a source ofvileephoton state is formulated. General resultgriean
number of photon coincidences in the two outputsawh a beam-splitter in two-photon interference
experiment are obtained. The results generalizedqus results of other workers for the same systeia
found that such a system exhibits clear signs ofptvoton interference effects for small atomic pingp
rate. The results obtained show interference efféredt cannot be accounted for by the classicalryhef
light. They form a contribution to the series oaqtum optical effects studied before.
Keywords. Photon-interference; Two-Photon quantum state.

1. Introduction

The effect of two-Photon interference [12] ha®btained in spontaneous emission of atomic three-
been extensively studied during the last few yearnevel cascade emission has been examined as a
The effect can be used to affirm basic fundamentpbtential source for two-photon interference [2]. |
theorems of quantum theory and to distinguistineir study the atomic system was excited thermally
classical and quantum laws of light [11].It hasrbeeand the results were limited to special values of
used to obtain and study special quantum statés thamping rate and detection time .In these casas the
have very promising applications in quantunshowed clear evidence of interference.
communication and computation [3,8]. The effecin the present study [1], we generalize the resfits
has also been used for spectroscopic studiest[6].Fearn and Loudon (1989) by attempting a general
has been employed to register the length of photgtvestigation of the three-level atomic cascade
wave packet on afemtosecond time sale [5].Almosinission as a potential source for the two-photon
all the experiments on two-photon interference haveterference experiment. In the following sectioa w
so far used the process of spontaneous parametigline the basic theory of the experiment ancein s
down conversion as a source for the required twgg) we present our results and discuss them.
photon state [13,5].The correlated Pair of photons

2. Theoretical M odel

Consider a three- level cascade atomic systéfigure (2) shows a typical scheme for a two-photon
that is thermally pumped to the upper level atta rainterference experiment with a beam-splitter. The
R and relaxing in a ladder fashion resulting in th#heory of the experiment is too complicated and
emission of two photons(figure(1)).The system igvolves the reliance on a number of theorems and
described by the following rate equations for theelations [1]. In the following we give a very brie

atomic density matrixo [10]; outline of the theory with the aim of only defining

2 the different quantities involved. The mean number
ot Pu=2Pu-R of photon coincidences in detector (3) and between
0 oo —2yp t_he two detectors (_3) and_(4), during a total dedec

orT AT T .. (D) time T, are respectively given by;

%pm =R-2y,05 Tt
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(my(T)m, (T)) =g, [t [dt’ T (LAY () . o
o E"(t) = Eq(F) At =)
Where the function in the integrand is the degriee o..

o e T
the second-order coherence of the detected lighE™ ('t) = Eo(F)77 (t ——)
defined by; ¢

e rt:rt i =E@EFN T EFOE®R)

..(5)

(4) Where E/(r) is a scalar function that describes the

spatial distribution of the field. The resulting
R A expectation values should at this step be treated
In these equation&” and E™ are respectively the carefully taking all possible arrangements, indidat

annihilation and creation operators of the detectgfj the time-ordering operatﬁr, into account. At
light field, 71 is the efficiency parameter of thethis stage the resulting multi-time expectatiorueal
detector, T is the time-ordering operator and th&an be related to the solution of (1) first through

angle brackets refer to quantum expectation valud§lations between the atomic density maitrix
elements and the atomic transition operators [8] an

The output field operator: (™) and (W0 in these then through the use of the quantum regression
expressions can be related to those of the fiettden neorem [7]. The resulting complicated expressions
input arms, E(i and E(%21) | through the reflection should now be subjected to the double integral

P . - _ procedure, indicated in (2) and (3), taking into
gpl)ittaerr]dugﬁl\rgljsrtnrlzsISS;(%tS?nef[f;??mOfo:‘h?h2e§<rena nz1al_ccount the correct different areas in the plan@ef

. ! .
splitter [4] and these, in turn, can be expressed Wo variablestand t* .In the next section we

¢ f the atomic t " tdfsand 7T summarize the final results of this complicated and
erms of the atomic transition operatofsan lengthy procedure.

as follows[9];

3. Results and Discussion
Define the following quantities

Vs=ntV, Va=Vi TV,
Ve =2Vt Y, Ve =20V
A= -w, A=y + N
B =y et B =y -0
o= yi - 8=y B = i -
or=re . T=or|

C C

.. R? Vs T y - y -
A= Egq (1) {TZ——3 + 22 (e —1)- L (e -1
M Ayl ViVo 2V12V4( ) 2V22V4( )
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T, & e 1)-—le 1 , (o >0)
4yjy, 4y?
...... 8)
2
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3

then, for the entrance state where the two photoasd between detectors (3) and (4) are, respectively
are entered through the two different arms, thermegiven by;
number of photon coincidences within detector (3)

(mim))=ni{ ' A+ g’ +2u| (B +D) } ..(13)

(my(Tym, (T)) =n47.{ 2" (A+C -2D) + (/" +[¢|")B } (14)

In the above expressionsg,and « are the WO outputarms. The broken lines stand for enteanc
cases through the same input arm. The behavior in

To obtain some insight into these complicatet s case Is 'Fhat Of. classical independent pasticle

results, one has to change some special cases %?ng no sign of interference. For the_ case v_vhere
; the two photons pass through the two differentinpu

them into graphs. Too many cases have be%Pms, the behavior is completely different (the

changed [1]. and we reproduge here few of th.ec%ntinuous lines). Interference effects clearlyvgho
(figures (3)-(6)). In all these figures, the quanti :

2 E2 (FAEZ (F up for some positive range of the path difference
drawn is always {1'737+ °1(r1)_°2_(r2)) times (0T, This range is the right range for the path
the mean number of photon coincidences againgfference that helps the two correlated photons to
coincide on the beam splitter. The visibility ofeth

drowning for a (50/50) beam-splitter (that is t(ysainterference effect, of course, depends on the path
difference @-T) and the degree of correlation

2 g2 2 2
tha_t|ft| N |t| and thu:{ﬂl +|t| =1, and the beam- between the two photons. It is well known abous thi
splitter is loss-less). Figures ((3)-(5)) represém® atomic system that the two emitted photons are
mean number of photon coincidences between tBgongly correlated for small values of pumpingerat

14
-~

frequencies of the two cascade photons.

Vitimes the path differenced().All figures are
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The results in (13) and (14) are generalltes
and are valid for all values of the experimental
andVZ)WiII change the mean coincidence number gfarameters. In the special experimental cases in
photons but has no drastic effect on the visibity \yhich (R << Vi.v.)and (1 o>t 1 o) under
the interference effect. Introducing detuning v,
between the two emitted photons will bring somgne approximation in
modulation into the interference effect and somehowy, . 2 /= =2 = _
extends its range. Figure (6) represents the me\é\l/rq'Ch EOl(rl)pzz(m) - Eoz(rz)pss(‘_”) =f, the
number of photon coincidences within the samgesultin (14) reduces to the following form
output arm (3). They clearly show interference
effects complementary to those in figures ((3)-(5))

(my(TYm, (T)) =7y, fTLFT + (%)[M“ +[e)* - gt y,e 2 *

« Vo —{V, COSAT - AsinAr}e™
y: v

R [10]. Changing the atomic relaxation rategl(

v

| (or>0) ... (15)

when in addition(A = 0), this result yields

(m (Dm0} =727, T + (0" +1e" -8t ()™ @-e7 ) (@1>0) .10

Equation (15) is the main result in the study ddifre (14), and yet the visibility of the interferencdeet

& Loudon (1989) and the plotted quantity in theiis still comparable to that found in the speciagdeca
study is that in equation (16) after dropping itstf of Fearn & Loudon (1989). Such visibility can now
term. be adjusted using the full ranges of all the
The terms in (13) and (14) that depend or) (Texperimental parameters involved.

account for coincidences of two photons in différedn summary, although the Vvisibility of the
atomic emissions. Thus, such terms have a negatingerference effect is limited, light produced by a
effect on the visibility of the produced interfecen thermally excited three- level atomic cascade
effect. As mentioned, Fearn & Loudon (1989) havemission clearly exhibits signs of a two-photon
dropped such terms in their graphs. Our shownterference for some wide ranges of the system
graphs represent the full expressions in (13) amérameters.

A4 ~

\ 11>

Fig.(1); Schematic diagram of the three-level atomic system showing pumping rate, relaxation rates
and raising and lowering operators.
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Fig. (2); Schematic diagram of the two-photon interfer ence experiment with abeam-splitter.
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Fig. (3); Graphsfor thequantity (y2/77,7,E2 (i)E2 (7,) ) (My(T)m,(T)) against y,0r
for different experimental values. The broken line stands for the same quantity for entrance

casesthrough the sameinput arm.
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Q= (1/1/’73’74E§1(E)E022(F2))<ms(-r)m4 (T)>
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Fig. (4); AsinFig. (3).
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Fig. (5); Asin Fig. (3).
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Fig. (6); Graphsfor the quantity(yl/’73’74E°1(r1)E°2(r2)) <m§(T)> against y,0r for

different experimental values.
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