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Decoherence and recoherence from vacuum fluctuations near a conducting plate
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The interaction between particles and the electromagnetic field induces decoherence generating a small
suppression of fringes in an interference experiment. We show that if a double-slit-like experiment is per-
formed in the vicinity of a conducting plane, the fringe visibility depends on the pogiiod orientatioh of
the experiment relative to the conductor’s plane. This phenomenon is due to the change in the structure of
vacuum induced by the conductor and is closely related to the Casimir effect. We estimate the fringe visibility
both for charged and for neutral particles with a permanent dipole moment. The presence of the conductor may
tend to increase decoherence in some cases and to reduce it in others. A simple explanation for this peculiar
behavior is presented.
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[. INTRODUCTION what is the reason why the presence of a perfect conductor
could possibly modify the fringe visibility in a double slit
The interaction of a quantum system with its environmentexperiment. The answer to this question is not complicated:
is responsible for the process of decoherence, which is one df is well known that the presence of a conducting plane
the main ingredients to understand the quantum-classicanforces nontrivial boundary conditions on the electromag-
transition[1]. In some cases, the interaction with the envi-netic field. These conditions strongly affect the nature of the
ronment cannot be switched off. This is the case for chargedpace of physical states of the quantum field. As we argued
particles that unavoidably interact with the electromagneti@bove, the fringe visibility is determined by the absolute
field. As this interaction is fundamental, its effect is presentvalue of the overlap between two physical states of the field
in any interference experiment. In this paper we will analyze(See also beloyv Therefore, as the field states are affected by
the influence of a conducting boundary in the decay of théhe boundary conditions, it is not unexpected that the overlap
visibility of interference fringes in a double slit experiment between them is affected as well. For this reason, one ex-
performed with charged particlésr neutral particles with a P&Cts decoherence to be influenced by the presence of a con-
dipole moment The reduction of fringe visibility is induced ducting plane. _ .
by the interaction between the particles and the electromag- The effect we study here is as fundamental as the Casimir
netic field. Some aspects of this problem have been analyzg‘ﬁrce betyvgen two conductof$1], Wh'ch is also caused by
before. In fact, it is known that for charged particles, the e nontrivial boundary conditions. Being the effect of fun-

eracion et th systathe parilgand the envion-<aer'% 0101 one @pects it e mpact of e conduc
ment(the electromagnetic fieldnduces a rather small deco- somewhat intuitive terms. However, until now this Wag not
herence effect even if the initial state of the field is the ' '

vacuum[2—10]. A particularly simple expression for the de- the case. In fact, the way in which a conductor modifies the

. . o i . . fringe visibility in an electron double slit experiment was
cay in the fringe visibility was obtained in Reff2,3]: As analyzed before by Ford in Refs7—9]. The results con-

suming an electron in harmonic motigwith frequency(2) tained in those papers are far from intuitive. The analysis we

along the relevant trajectories of the double slit experiment h i | h i
the fringe visibility decays by a factor (1P)2, whereP is present here will serve not only to correct these previous
' results[7-9], which turned out to be erroneous. Thus, we

the probability that a dipole=eR oscillating at frequency will also show that the effect of the conductor is quite re-

) emits a photonR is the characteristic size of the trajec- X .
tory). This result is in accordance with the idea that decoher—markable and simple to understand. As we will see, the pres

ence becomes effective when a record of the state of thence of the conducting plane may prodgce more decoherence
system is irreversibly imprinted in the environment. In thisﬁ] Some cases and less decoherence n others.l For example,
case, after photon emission, if the electron follows. the tray - \.Nm Sh.OW that for a double .S“t experiment Wlt.h charged

’ ' particles, if a conducting plate is placed perpendicular to the

jectory X,(t) of the double slit experimenfsee Fig. 1it  trajectories of the interfering particles, the fringe visibility
becomes correlated with a state of the environmEn(t)).  gecreases with respect to the vacuum dabsence of con-
This state is different from the one with which the electronducting platg. However, if the plate lies parallel to the tra-
correlates if it follows the trajectoryzz(t). The absolute jectories of the charges, the contrast incredses system
value of the overlap between these two different states isecoheres We will show that this peculiar behavior can be
precisely given by (£ P)2. understood in simple terms by using a variation of the
In this paper we will analyze how the fringe visibility is method of images. We will show a similar result for the case
modified when performing a double slit interference experi-of neutral particles with permanent electric or magnetic di-
ment in the vicinity of a conducting plane. One could askpole moment. Also, we will show that the magnitude of the

1050-2947/2003/68)/0621066)/$20.00 68 062106-1 ©2003 The American Physical Society



MAZZITELLI, PAZ, AND VILLANUEVA PHYSICAL REVIEW A 68, 062106 (2003

Trajectory 1

SOURCE FIG. 1. Scheme for a double-slit-like experi-

ment near a conducting plane. The component of
the velocity in the direction from the source to
CONDUCTING PLANE the detector is assumed to be constant.

DETECTOR
Trajectory 2

effect can be easily estimated. |Eo) is the initial (vacuum state of the field andip, ,) are
There are several interesting physical effects connectetivo states of the electron that are localized around the initial

with the one we are analyzing here. As we mentioned abovepoint and that in the absence of other interaction continue to

it is well known that a conducting boundary modifies thebe localized along the trajectorié§ t), respectively. At

properties of the zero-point fluctuations, and therefore couldater times, due to the particle-field interaction, the state of

affect the interference experiments of particles that interacthe combined system becomes

with the electromagnetic field. Apart from the above men-

tioned Casimir force between conductors, other conse- [P (1)) =(|p1(1))R|E1(1)) +| (1)) R|Eo(1))). (D)

guences of this same phenomenon is the Casimir-Polder

force[12] affecting a probe particle in the vicinity of a con- Thus, the two localized statégh,(t)) and|$,(t)) become

ductor. These phenomena, that have been experimentaljprrelated with two different states of the field. Therefore,

verified[13], are close relatives of the process we are studythe probability of finding a particle at a given position turns
ing here. In fact, the Casimir-Polder force can be thought agyt to be

the dispersive counterpart of the decoherence effect we will
discuss. The influence of boundaries on the electromagneti v; 5 N2 G i\ [2 v * (v

. . X N b= e+ X, t)|*+2R Xt Xt
vacuum is also responsible for changes in atomic lifetime ob(X,t) = 1 (X, D" +[ g2(X.1)] Lpr(X,D P2 (X1
and interference phenomena for light emitted by atoms near X{Eo(t)|E1(1))). 2
conducting surfacegl4].

The paper is organized as follows: In Sec. Il we outline The overlap factorF =(E,(t)|E,(t)) is responsible for
the main calculation that needs to be done to compute thgyg effects. Its phase produces a shift of the interference
fringe visibility in a double slit experiment with charges and fringes (the Aharonov-Bohm effect can be obtained in this
neutral particles with permanent dipole moment. In Sec. lllyay when the initial state of the magnetic field has a nonzero
we show how to evaluate the fringe visibility in vacuum. In expectation value The absolute valuEF| is responsible for
Sec. IV we show how to compute the effect induced by th&he decay in the fringe contrast, which is the phenomenon we
nontrivial boundary condition generated by the perfect conyyjj| analyze here. Calculating it is conceptually simple since
ductor. We also discuss there how to evaluate the fringe Vise js nothing but the overlap between two states of the field
ibility for experimentally relevant situations estimating the that arise from the vacuum under the influence of two differ-
significance of the effect and showing how it can be intu-ent sourcegthis factor is identical to the Feynman-Vernon
itively understood. In Sec. V we present a short summary offlyence functional15]). Each of the two states of the field
our results. can be written as

II. FRINGE VISIBILITY IN ADOUBLE SLIT EXPERIMENT

|EL()=T ex;{—if d™XE()ALX) | [|Eg), (3
Let us first outline a simple method to compute the effect

of electromagnetic interactions on the fringe contrast. We h 10 is th d d by th
consider two electron wave packets that follow well definedVN€reJa(x) is the conserved four-current generated by the

trajectoriesX, (t) and X,(t) that coincide at initial (=0) ~ Particle following the classical - trajectoryX,(t), i.e.,

and final ¢=T) times as shown in Fig. 1. In the absence ofJg‘(X,t)=(e,eXa(t))é\°’(X—>?a(t)), (a=1,2). Using this, it
environment, the interference depends on the relative phase simple to derive an expression for the overlap: The sim-
between both the wave packetstatT. Because of the in- plest way to do this is based on the observation that as the
teraction with the quantum electromagnetic field, the inter-QED action is quadratic in the fields, the overlap must be a
ference pattern is affected. This effect can be calculated aSaussian functional of the two currertgs andJ,. Thus, we
follows: We assume an initial state of the combined particlecan write the most general Gaussian functional ansatg for
field system of the forniW (0)) = (| 1) +| $2)) ®|Eo). Here  as
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) “ ab , this case we can perform a calculation which nsytatis
F=ex —lf J d*%;d"%2J5(X1) G, (X1, %2) Ip(X2) mutandj similar to the one above and show that the overlap
F=exp(Wy) is

, (4)

xexp{—if d"'fo,j(x)CZ(x) 1
Wdzzf fd4Xd4Y(P1—Pz)“”(X)KWp,r(X,y)

where a summation over the indices=1,2 is implicit. On

the other hand, we can explicitly write down the expression X(P1=P2)P7(y). ()

for the overlap as ) ) ) ) )
The kernel appearing in this equation, defined as

K urpo(%,Y) =({F ..(X),F ,-(¥)}), can be expressed in terms
of derivatives ofD ,,(x,y)

F=(Eo|T exr{ij d*xJE(X)A ,(X)

KH#PPo(x,y) = [afja{jD”"(x,y) + a;a;fD”P(x,y)

XT |Eo)- ©)

exp{—if d*x L (X)A ,(X)
— 33 yD"P(x,y) = dxdyD*7(x,y)].  (9)

The kerneIstf,’, and Cf, appearing in Eq(4) can be deter-

mined by identifying the functional derivatives of Edd) . EVALUATING THE FRINGE VISIBILITY IN VACUUM

and(5). In this way, one can relat€, andG,, with the one

and two point functions of the field operators. As we are only In what follows we will present results for theecoher-

interested in the absolute value of the overlap, we will onlyence factors WandWy (the subscripts stand for “charges”

present the result for this quantity here. Denotiig=exp  and “dipoles”). To computew, we need the two point func-
(—W,), we get tion appearing in Eq(6). In the Feynman gauge and in the

absence of conducting plates it is

1
We=5 f d’x f d%y(33=32)#(X)D,,,(x,y) (1= 32)"(y), o R s
S x=y —
(6) DW(X:Y) 77,uvf (277) 2ke| CO?(k(Xo yO)),
10
whereD ,,, is the expectation value of the anticommutator of (10
two field operators where the superscript (0) identifies this as the vacuum con-
b _ 1A A 0 tribution. We will assume that the trajectories are symmetric
w6Y) = 2({ALC0 AL and writeX;(t) = — X,(t) =x(t)x. This is enough to describe
From this derivation, it is clear that the probability for & typical double slit experiment from the point of view of an

vacuum persistence in the presence of a sodfgewhich is observer moving at constant velocity from the source to the
given by|(0|E;)|?, can be obtained from the above eXpres_detector. In such case we can evaluate the overlap and obtain
| i)

sion by simply settingl4=0. Taking this into account, it is a relatively simple expression for the decoherence faatgr

possible to attach a simple physical interpretation to the 4%k K2 .
overlap. The square of the overld,=|(Ey(t)|E(1))[? is W(O):ezf (1__12) f dt X(t)cogk,x(t)]et
equal to the vacuum persistence probability in the presence 83k k —w

of a sourcej,=(J;—J,),. This source corresponds to a 11
time dependent electric dipo&X,(t) —X»(t)), which is di-
rected from one trajectory towards the oth&}. Then, deco-

2

To obtain this equation from E@6) one should first explic-

herence arises when thifictitious) dipole emits a photon Uy perform the spatial integration, write the kernel

. . : . . (0) i ;
imprinting a record in the electromagnetic environment that? x»(X,¥) in momentum space and finally use the conserva-
could in principle be used to distinguish between the twolion of the four-current to cancel the contribution of the tem-

paths. poral and longitudinal components of the current. This result
A conceptually similar and physically interesting problem Was obtained first in Ref2] using the Coulomb gauge and a

can be analyzed along the same lines: the decoherence gfghtly different but equivalent method. It can be simplified

neutral particles with a nonvanishing permanent dipole mofurther by assuming the validity of the dipole approximation

ment. In such case we can model the particle-field interactio§03kX(1)]=1 (which is consistent in the nonrelativistic
using a Lagrangiar;,,= P ,,(X)F**(x). Here,F ,, is the limit). Doing this, one can evaluate the decoherence factor
nv . uw

field strength tensor an@,,, is a totally antisymmetric ten- fpr some special trajectorieg. I2n fact, for_ adiabatic tr%j)ecto-
sor whose nonvanishing components can be interpreted &S, where x(t)=Rexi ~tT7], we find that W
the electric and magnetic dipole densiti@s the laboratory = 2€°v*/3m, wherev =R/T is a characteristic velocity. This
frame. In fact, the electric dipole momerpi and magnetic result is finite and free of any cutoff dependence. However,

. - . . . for trajectories evolving over a finite time the situation is
dipole momenim of the particles moving along a trajectory different. Thus, assuming that the motion starts=a0, ends

X(t) are obtained in terms of the dipolar tensor B§  att=T, and that is composed of periods of constant velocity
=p;(t) 53(X—X(t))/2 and Pij =eijkmk(t)é\3(x—X(t))/2. In v, or constant acceleratios/ 7, we obtain a result that di-
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verges logarithmically whem—0, W% = 2e2y2log[T/7)/m?  such thatW{’/W?=p?/e*T? for a purely electric dipoléa

(if 7/T<1). Previous result§5] were obtained for trajecto- Similar expression is obtained for the purely magnetic case
ries with discontinuous velocity using a natural UV cutoff This ratio is typically much smaller than ofiee., it is of the
arising from the finite size of the electron. The results of RefOrder of the square of the typical dipole length in units of the
[5] agree with ours if the high-frequency cutoff is identified total length of the trajectoly

with 1/7 (the results of Refd.7—9] are incorrect, see belgw

Thus, the cutoff dependence disappears in the adiabatic case IV. FRINGE VISIBILITY IN THE PRESENCE

and is a consequence of abrupt changes in velocity and the OF A CONDUCTOR

instantaneous preparation of the initial state.

The concept of a decoherence rate can also be introducetﬁ We will now show how the above results are modified by

in this context as follows: Let us now assume that the two"'¢ PreSence of a perfect conductor located in the piane
wave packets are superposed after oscillatihgmes, and =0. To consider the effect of the conductor we only need to
that the time to complete one oscillation is much shorter thalj'tfise tze approg.rl'ate tv'\;o p?]mt functl?nshthat Obiy tl?e colrrect
the period between oscillations. d#ft) denotes the velocity otuhn ary co?t\;\tllor:s. Olré e case of charges, the képe
during one oscillation of period for a sequence dfl iden- is the sum of two term§16]

IIC§.| oscillations separated hyT>T, we can write the ve- D,,=D@+D® (15)
locity as s Ry TR
N-1 The vacuum term is the same as in Eff)). The contribution
Xn(t)= >, v(t—nAT). (12)  of the boundary conditiongidentified by the superscript
n=0 (B)] can be obtained by the method of images and is
Therefore, the temporal integral appearing in the decoher- a3k
ence factor(11) can be evaluated as (B) - S iK(x—v'
(1) D,y (%.y)=(7,,+2n,n,) f (272K SXPIK(X=y ")
" —ikNAT _ K ) 16
= ' ikt X cogk(xg— .
|N_Lcdt a(heht=1— (13 (X0~ Yo)

. ) ) Heren* is the normal to the plane arﬁj is the position of
where | is the result of the temporal integral for a single the image boint 057 (a prime denotes a vector reflected with
oscillation. Inserting Eq(13) into Eq.(11) we find that, after gep P

a large number of oscillations, the decoherence factor is prd€SPect to the plane, i.ey=(yy,yy,—Y,). Inserting Eq.
portional toN: W =NW (1), wherew(?)(1) is the deco- (16) into Eq.(6) we can derive a formula for the contribution
herence factor in a single oscillation. of the boundary to the decay of the interference fringes. The

We now describe the results for the case of neutral parcOMPI€te equation is involved but it becomes considerably
ticles with permanent dipole moments. The calculation is as[mpler i we restrict to the case where the trajt,actoneS are
bit more tedious than for the case of charges. To avoid cumEither perpendicular or parallel to the conductor’s plane. In
bersome details we will evaluate the decoherence factor onlihiis case we can writ&; ;=2oz+X(t)], where; defines a
under somewhat simplified assumptions. We will consideffixed vector aligned either along tlzeaxis or along the plane
that the dipole momemﬁ andm remain constant along the perpendicular to it. The contribution of the conductor to the
trajectories. We will also assume symmetric trajectories an@lecoherence factor is
write X;(t)=—X,(t)=x(t)]. In this case, we can perform -
the spatial integration in Eq8) and use the antisymmetric WE = —jj’ezj d°k (1 j)
nature of the polarization tensét,, (which has the same ¢ 873k
effect than the conservation of the four-current in the previ-
ous case and enables us to cancel the contribution of tempo-
ral and longitudinal modes of the figldrinally, we can use
the momentum representation for the two point function ob-
tained by replacing Eq(10) into Eqg. (9). In this way we It is interesting to note that the sign W®) is determined
obtain a relatively simple final expression for the decohenDy the orientation of’ relative to]. W) is negative when

ence factor. It reads the trajectories are parallel to the conductor’s plésiece in

2
X eZikzzo

17

ftdt’)k(t’)cos{ij(t’)]e”“'
0

% (. 2 K2 that case)’ =]). On the other hand\V?) is positive when

W(O)_f _3k[ D2( k2 +m?| 1 F)] th(i.' trajectories are perpendicular to the pldwhere )’ =
—J). At small distances to the plangy=0) we can see
2 from Eq. (17) that |W®)| =W, Therefore, if the trajecto-

X ftdt’sir’[ij(t’)]eik" (14)
0

ries are perpendicular to the plane, in the limit of small dis-
tances the decoherence factorvig=W+WE =2WO

Using again the dipole approximation for the adiabatic tra-The effect of the conductor is to double the decoherence
jectory we can show that the above decoherence factor i&ctor. However, if the trajectories are parallel to the conduc-
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tor the effect is exactly the opposite. X&) is negative, the decoherence is produced if the magnetic dipole is parallel to
conductor producesecoherenceincreasing the contrast of the plane. These features can also be understood by thinking
the fringes. In fact, for small distances the decoherence fadn terms of the image dipoles that are generated by the con-

tor tends to vanish sincé/;= W +w®=0. ductor. Thus, both whep is perpendicular to the plane or

It is remarkable that these results can be understood using, ., m is parallel, the direction of the image dipoles coin-

the method O.f images. For this, we should take into accoun#ide with the source dipoles. In such case the decoherence
that, as mentioned above, the decoherence factor for a double

slit experiment with charge can be related to the probabilityncréases. In the opposite situatiop (garallel orm perpen-

of photon emission from a source characterized by a fourdicular to the plangthe effect of the conductor is to intro-
currentj ,= (J;—J,),,, which is the difference between the duce recoherence. Again, in the limit of small distances the
two interfering currents. This source corresponds to that of @absolute value otV andW{® coincide and therefore the
varying dipolep=ex(t). So, to understand our result one decoherence factor doubles with respect to the vacuum case.
has to analyze how does the conductor affects the photon Both for the case of charges and for the case of dipoles

emission from this fictitious dipole. When the conductingthe boundary contribution to the decoherence factor decays
plane is parallel to the dipole, the image dipoleﬁiﬁﬁ algebraically with the distance to the conductior the limit

—p. Therefore, the total dipole moment vanishes, and s@f large distances In the opposite case, for small separa-
does the probability to emit a photon. The image dipole cant!ons, explicit expressions can be obtained. For example, for
cels the effect of the real dipole and this produces the recovcharges moving close and parallel to the conductor, the low-
ery of the fringe contrast. On the other hand, when the conest order contribution o, can be shown to depend qua-
ductor is perpendicular to the trajectories, the image dipole igratically onzo. As expected, it exactly coincides with the
equal to the real dipolp,,= + p. Therefore, the total dipole decoherence factor produced by an electric digpte2ez

is twice the original one. This in principle would lead us to I vacuum(with an additional factor of 1/2 that takes into

conclude that the total decoherence fadtdy= VVEO)+W((:B) account that photons can only be emitted with0).

should be four times larger thah(® . However, one should
take into account that in the presence of a perfect mirror
photons can only be emitted in tlze=0 region. This intro- V. CONCLUSIONS

duces an additional factor of 1/2 that gives rise to the final e impact of conducting boundaries on the fringe visibil-
result W,=2W.” . One should remark that the dipole usedity for the case of electrons was previously examined in
in the above reasoning is not a real dlpole but the effectiVQQefs_[7_9]_ The results reported in such papers are not cor-
(fictitious) dipole created by the opposite charges followingrect because of the use of an erroneous approximation for
the two interfering trajectories. low velocities. In fact, the author performed a low velocity
In the case when the interfering partides are neutral bUéxpansion by neg|ecting the Spatia| Components of the four-
carry a permanent dipole moment, the effect of the conductogurrents appearing in E@6), which are indeed linear in ve-
can also be taken into account using the method describggcity. However, this approximation clearly violates the con-
above. For simplicity we will only consider trajectories that servation of the four-current and makes the final result
are parallel to the plang.e., X; ,= zoz+x(t))] and assume unphysical. In fact, the final expressions obtained in Refs.
that the dipole moments are either perpendicular or paralldl7—9] are gauge dependent and could violate unitarity allow-
to the conductolthe general case is more complex but theing for |F|>1 (thus, the decoherence factor computed in

essential features can be seen hddsing this we obtain such papers is not positive defineds mentioned above, in
the correct result the contribution of the temporal component
a3k (.. K2\ K2 of the four-current is canceled out by the one corresponding
W&B)z—f k{ pp’( ——g)—mm’( ——2)] to the longitudinal component. Thus, only the transverse
327° K K modes are physical and determine the value of the decoher-

2 ence factoW, which being manifestly positive ensures that
(18 |F|<1 [note that positivity of the decoherence factfis
manifested from Eqg11) and(14)].
Another interesting point discussed in Relfg,8] is the
Thus, if the reflected dipolp’ has the opposite direction Possibility of observing decoherence induced by vacuum
thanﬁ (which is the case wheﬁ is parallel to the platethe fluctuatlons in a vetolike experiment. In such experiment one
conductor tends to increase decoherefsigce the contribu- fﬁ;%:ggﬁ;gg; itr?ge ff(?;??h\ggg rzz(;t(\?v%ggi(gogﬁoztiggskvigfs
tion Oi Fhe electrlt? dipole thg : Isﬁ poasmve. L'keW'Sef actually detected. In Ref8] the author argues that the de-
whenp is perpendicular to theBplgnp,zp’_ and the contri-  coherence factor in such experiments is different from the
bution of the electric dipole tlﬂiVEj )is negative. Therefore, in  gne we analyzed here. In our view, in this kind of veto ex-
this case the conductor produaesoherencenstead of de-  periment the decoherence factor actually vanishes and the
coherence. The opposite effect is found for the magnetic difringe visibility is not affected. Indeed, in an ideal vetolike
pole. Indeed, whem’= —m (magnetic dipole perpendicular experiment one is really performing a projective measure-
to the plangthe conductor produces recoherence while moranent of the state of the electromagnetic fiéchich is de-

X e2ikZzO

t ilet!
f dt’sink;x(t")Je'*
0
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tected to be the vacuumTherefore, the state of the com- itively understood in simple terms. The way in which deco-

bined systentparticle plus fieldl is obtained from Eq(1) by herence is affected is similar to the manner in which atomic
projecting the electromagnetic field into the vacuum statemission properties are modified by the presence of conduct-
(and normalizing accordingly The probability of finding a ing boundaries. Thus, the effect of the boundaries does not

particle at a given position turns out to be have a well defined sign and may produce either more deco-
. . . herence or complete recoheren@ee., smaller or higher
prob(X,t) ={Z 1 (X,t)[>+|Z¢2(X,1)[? fringe visibility than in vacuum depending on the orienta-

- - tion of the relevant trajectories with respect to the conduc-
+2REZ1 1 (X, 1) 2205 (X,1), (19 tor's plane. Most notably, one can predict the sign of the
effect(i.e., whether the conductor decreases or enhances the
fringe visibility) by using a reasoning based on the method
of images. The effect discussed here is conceptually impor-
= (0|E)). (200  tant due to its fundamental origiine., it is always present

VI(O|E1)|2+ [(0]E,)|? but its magnitude is too small to be under the reach of cur-

rent experiments involving interference of neutral atoms in
on the position and orientation of the conducting plane, th?)ossible to enhance the effect by considering other geom-
V|S|b|l|ty Of the fringes iS not affected by the intel’action W|th etries' like a periodica”y Corrugated Conducting p|ane. Work
the field (note also that for the simplest case of symmetricin this direction is in progress.
trajectories we always ha\é=1/\/§). Thus, as there is no
decoherence factor in the last term of E#9), contrary to
what was claimed in Refd.7—9], no decoherence can be ACKNOWLEDGMENTS
seen in this kind of veto experiment.
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