| vr%mmnm slovaca vol. 45 No. 3, 399 - 402 June 1995

N,ﬂao-mbmﬂ COINCIDENCES WITH DOWNCONVERTED BEAMS!

J.Rehdcek, J.Pefina 2
Department of Optics, Palacky University,17 listopadu 50,
772 07 OFEO:.S Czech Republic

Received 28 April 1995, accepted 10 May 1995

An interesting experiment has been performed in [1] using downconverted beams
in a two-slit arrangement. In this experiment a degree of visibility of Young’s
fringes behind two-slit screen in signal beam can be controlled by change of width
of pinhole in the idler beam, when coincidence measurement scheme is applied. In
this communication the experiment is described using the fourth-order quantum
correlation function. From the analysis it follows that this fourth-order effect is
caused by entanglement of quantum states of downconverted photons. Thus for
sufficiently small idler pinhole the fourth-order interference appears regardless of
the fact that linear dimensions of the second-order coherence area are smaller than
the distance between slits.

1. Introduction

In last years, a number of interesting experiments with downconverted beams were
- performed [1]. In one of these experiment [2] the signal beam was used to produce
interferences of beams diffracted on two slits of the arrangement, whereas the idler
beam served for a coincidence measurement between the signal and idler beams to
observe the fourth-order interference. Two interesting effects have been observed in this
experiment. A ”nonlocal” quantum effect was demonstrated [2] giving the possibility
to control the degree of visibility of Young’s fringes by means of the diameter of a
pinhole in the front of idler detector. On the other hand, for sufficiently small idler
pinhole, the interference was preserved even if the linear dimensions of the second order
coherence area in two-slit screen were smaller than the distance between slits. In the
following we use a simple theoretical model of the downconversion process to explain
effects which were observed. We also point out some relationship between the fourth-
and the second-order interference with the downconverted beams.
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2. Fourth-order correlations

We consider the experimental arrangement presented in [2]. A pump Vow_m_mm, P
ducing signal and idler beams in a nonlinear crystal. A two-slit screen is :.mmmg.a._
the signal beam, which can exhibit ‘

» 80 that range of';
beam wave vectors can be changed. We will describe only a two-dimension

ment. In an ideal case when the frequency and phase matching conditions are satisfieq
the angles a, and «; between signal and idler wave vectors and the Pump wave vecfoy
are determined by their magnitudes and we may write T

|ws, ay) =|wy, ay(wy)) =|w;,) , jwi, @) =|wi, ai(w;)) =lw;).
Thus the state of the field produced by nonlinear crystal at time ¢ is m?ou_ in the
interaction picture by [3]

3

(@) = lvac), ; + Cvp \&Eu GAE.:Em —Wsiwp) |w,), fwp — Wiy
where ¢ is an efficiency coefficient of the downconversion, & is a spectral functio
downconversion and ¥p is an amplitude of classic pump wave. We suppose that the
pump beam is strictly monochromatic plane wave with the frequency w, and way
vector k, and the center of crystal is considered to be origin of the coordina

The fields incident on the detectors can be written as

@HQJS = a@%?ﬂ&+a®w?ﬂm;lﬁv ,
= Q\&E a, Ar\valmta@..»n.?.vﬂc— + Ql\,&s mwuAsval..E?Iﬂ-vm..kﬂ?\vswu va

BHQt) = a \ dw &(w)e= @t eibilolri

]
where 7] and r; are position vectors
detector, 7, is difference between pr

detector and a is a propagator of the
A selection effect of the idler pinhole

o:?802._“3:Eamm%éwﬁﬁo@oﬁm Fiﬁr?ma:m:omom [w] = (wio —Aw, wig +D&v 4 S“
now calculate the fourth-order correlation function between signal and idler det

considered at times ¢ + 7 and t, which may be used for calculating the oomuo\mm
counting rate. It is defined as

ey = (EZ(Pt+m)ED(Q)EF(Q0)EHP,1 4 7).

After substituting from (1), (2) and (3) to (4), we obtain

of Young’s slits, 77 is a position vector of the dler.
opagation times from the signal slits to gm;mwmnw.d
signal waves from signal slits to the signal detect
is expressed in (3) by restricting detector resp

T = A_ :5\&5 e?&;%ler.Euvml,?,ﬁs.:@_ﬁ.‘?al.im.ml,s.:fvm;..?.vm Gv_
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g = o .‘nluAE-vu.lu 2
—i(wp-w )t .f?\sls.v?m iw, (24T .?vmu _ vq
—w,;wp)e™? €
+ a%\ae’. B (ws, wp—ws; Wp

mEL

= w, — w;p. If the signal and idler detectors
= - 50 + Aw)wso = wp — Wio ! 1aler
wher” ﬁELe HBAMMQgWMm}chsa Fv then the coincidence counting rate is given by
uantu. s ’
- R e (6)
Ri = Fu..\ dr 13(7).
si —Tr/2

o . ¢ Th
ing ti dence counter. If we consider tha

i nts a resolving time of the coinci . e
i A%W“MMMM ma.wm: the reciprocal bandwidth 1/Aw selected by %JEWMMH@MMW e
¥ ituting (5) to (6) and if we assume that spe .

00. After substituting ( . function

calt ﬂw_mm menﬂow:% constant within the range Aw of ma_mmamm ?m@:o:ﬂm.m mc.ﬂr anva
e.?:v e << 1/Aw (the downconverted light is n:mm_aoao%noawv:ue nﬁ_:m et
&Aﬂ.@uowommﬁwﬁos time difference (sy —s2)/c of the signal wave from both s
to the p. §
signal detector), we obtain

7
Ry = 2mBfi |vp 0] ®(ws0)Aw (1+ peoswyors) (7)

isibili incidence
here we simply write ®(w,o) instead of ®(ws0,wio;wp). The visibility u of coi
w
fringes is given by

Aw
weotAw jesate g oo =13
1 \ o =) = 1 \%\ (U deos(KLrior) (g)
k= 98w . 2w )

L. . . that
where d in (8) is the distance between slits. To simplify this expression we mwwﬂgwsﬂ.&
ithin a narrow range of Aw, the angle o}, between signal wave vector k, NJ ec "
by i i difference w' = w; — wso
i o0 i i tion of their frequency di

signal wave vector kjo is a linear func ;
Em& the same is valid for the idler angle o). Thus we can write

o =k, W, o=k W, ©)
s

i enc
where k, and &; are proportionality constants, which can be .ﬁo:%m mMm&M M”oﬁmwowwz ,UM
and Urmuma Emamrwzm conditions. The argument of exponential functio
simplified with the help of (9) as follows

/
1 Wso +E
Weo +w o b1 05
st dcos(k,, 71 — 13) c
c

dsind, (W) = kyodk,w' (10)

i ina’ d lected
where k,y = w,o/c. In the last step we have w%_u-.ox::.ﬁom mu___ﬂQ by o’ and neg
term nomﬁmwisam w'2. After integrating over w’, we obtain finally

DE A \ mm:?uo&aDQL 11
1 \ dw' ekrodre = T .

= MDE —Aw

i different from
where we have introduced a constant « = «;/«,. Usually |«| is not much
Unity.
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3. Discussion

From expression (11) for the fourth-order visibility we can deduce two interest
effects, which were observed in [2]. On one hand, for fixed idler pinhole diameter (i
fixed idler beam divergence), the visibility does not depend on the distance vogo%
two-slits screen and the source. On the other hand, for fixed distance between ﬁwﬁm
slits screen and the source, the visibility can be controlled by changing idler pinhj
diameter. :

We may also compare the fourth-order visibility (11) with a similar expression g
the visibility in the second-order interference experiment with one of the downconvertég
beams [4]. From this experiment it follows that a degree of spatial coherence g1 can be
expressed in this case by the well-known Van Cittert-Zernike theorem [5] (for higher.
order generalization, see [6]; the quantum generalization is straightforward [7], Sec.2:9).
In the Fraunhofer approximation and for the uniform source we may write

sin(ksoaod/rs)
w«oac&\ﬂu ’

Hi2 =

where we have omitted a constant phase factor. We can see that the fourth-order
visibility (11) has a similar form as the second-order visibility (12). If the idler béeam
with small divergence is selected using of the idler pinhole, so that the &maono,mwn
the source ag > kr,Aa; , then the fourth-order visibility becomes larger than the
second-order visibility and we can observe interference fringes regardless of the fact
that the linear dimensions of the second-order coherence area are smaller than the
distance between signal slits. Hence a quantity xr,Aq; can be considered as the fourth-
order "effective” source diameter in the sense that the source with this diameter has
approximately the same fourth- and the second-order visibility.
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