Unobservable potentials to explain a quantum eraser and a delayed-choice experiment
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We present a new explanation for a quantum eraser. The erasure and reappearance of an interference pattern
have been explained that a revolvable linear polarizer erases or marks the information of "which-path markers”,
which indicate the photon path. Mathematical description of the traditional explanation requires quantum-
superposition states. However, the phenomenon can be explained without quantum-superposition states by
introducing unobservable potentials which can be identified as an indefinite metric vector with zero probability
amplitude. In addition, a delayed choice experiment can also be explained without entangled states under the
assumption that an definite orientation of the unobservable potentials configured by a setup of the experiment
determines the polarization of the photon pairs in advance.
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Quantum theory has paradoxes related to the reduction of ce ot ¢ ot
the wave packet typified by "Sobdinger’s cat” and "Ein- _1# N 9 VoA 4 1 9¢uo) _ 0 @
stein, Podolsky and Rosen (EPR)”. [1, 2] In order to inter- 2ae)ft 5 e oot )T

pret the quantum theory without paradoxes, de Broglie and

. . The gauge invariance of the localized electro magnetic field
Bohm had proposed so called "hidden variables” theory. [3, 4 . : e i
Although, "hidden variables” has been negated,[5] the the]pr electron flow (electric current) enables this partition. Pho

. . o ton creation and annihilation operat@'sanda; are obtained
ory has been extended to consistent with relativity and ontolb P Qﬂs !

. the quantization of (1). When (2) is quantized, operators
ogy. [6—10] However the extension has not been completed s : .
, th b bl tential b db
far. A.Aspects’ experiments [11-13] have demonstrated th *pressing the unobservable potentials can be expressed by

: . . L sing the operators as follows.
Bell's inequalities are always violated confirming the quan- g P
tum mechanics theory on the non-locality of the photon and

demonstrating the absence of "hidden variables” for the local a, = }yeie/zél 21 yei23,
representation. However, as A.Aspect has confirmed himself, 2 2
hidden variables may quite well exist within a non-local rep- st _ 1 erior2gt _ 1 doi2gt ©)
: . . a, = 57 H 57 &
resentation, for example a photon representation with a real
wave function. wherey? = —1 (i. e.,y corresponds to the square root of

The author has reported the alternative interpretation fof€ determinant of Minkowski metric tensqylg,,| = @ =
quantum theory utilizing quantum field formalism with un- Y-1 = ) which stands for requirement of indefinite metric
observable potentials that can be identified as unobservab&ndé is a phase dierence between the localized and unob-
gauge fields such as Aharonov-Bohffeet [14-16] and rigor- ~ Servable potentials. By using tensor form, we can identify
ous mathematical treatment using tensor form. The interprethese operators as scalar potentials with modification of a sign
tation can omit the quantum paradoxes and be applied to elin&nd spontaneously obtain as described later.
ination of zero-point energy, spontaneous symmetry breaking, The abovex; bears a remarkable resemblance to the expres-
mass acquire mechanism, non-Abelian gauge fields and negion of Z reported by C. Meis to investigate quantum vacuum
trino oscillation, which can lead to the comprehensive theState as follows. [17]
ory. For example, as reported in reference[15], single photon = A I P
and electron interference can be calculated without quantum- 2o, = {Bbae” + ¢ a'tﬂe'“e ’ “)
superposition state by introducing the states represent a sulrherek, 4, €, £ and ¢ stand fork mode, A polarization, a
stantial (localized) photon or electron and the unobservableomplex unit vector of polarization, a constant and a phase
potentials, which are expressed as following Maxwell equaparameter respectively.
tions respectively. If we identify ¢ andé* as1y and-1y and introduce polar-

ization vectors as described later in (8), then (3) corresponds
to (4).
When state vector), which represents the unobservable
potentials (2), is introduced in Sdidinger picture as follows,
1 92 1 d¢y ) the vector can be identified as indefinite metric vector with
( - @ﬁ)A' - V(V AL+ gﬁ) zero probability amplitudes.
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Pol 2‘ . makers”, the interference pattern reappears because polarizer
v Wire 3 has made the information of "which-path makers” unusable.
q We can produce a mathematical description of the erasure
and reappearance of the interference pattern as follows. x-
polarized and y-polarized photon passing through polarizer 1
and 2 can be expressed by the quantum-superposition state as

AN Pol 3 follows.
Pol 1 *
1 1
IX) = —I+) + —I-) (6)
| V22
FIG. 1. Typical setup for the Quantum Eraser. Poll and Pol2 are
fixed linear polarizers with polarizing axes perpendicular (x and y).and
Pol3 is a revolvable linear polarizer.
V) = —=b) = =) @)
V22

Where|l) represents a photon state. Therefore when there is where "+ and "-” represent polarizations45° and -45
no phase dierence the expectation value of arbitrary phys-,;in respect to.

ical quantity A and provability amplitude of¢) are zeros g photons pass through polarizer 1 and 2 are polarized
((¢1Alg) = 0, (f1¢) = 0), which means the unobservable po- 4t right angles to each other as seen in the left-hand side of
tentials can not be observed alone in the literature. More det b) and (7), which prevent the interference pattern. In other
treatment of these operators and vectors have been discussggrqs "which-path makers” have made available the infor-

in reference[15]. . mation about which path each photon went. Although there

Aharonov and Bohm have pointed out the unobservable posre same polarized states in the right-hand side of (6) and (7),
tentials can cause electron wave interferences [16] and Wgye jnterference patterns consisting of bright and dark fringes
should r_eahze all of ph_y5|_cal interactions are regulated bynsde by+45° and -45 polarized states are reverted images
gauge fields (gauge principle), which can not be observednqg anninilate each other. Therefore sum total of the images
alone. [18-21] _ has no interference pattern.

In this letter, we show the existence of the unobservable \when polarizer 3 is inserted with the polarization angle
potentials can explain not only the interferences but also the 45 o -45, only |+) or |-) can pass through polarizer 3.
quantum eraser and delayed choice experiment. In additioRspen the interference pattern made by eitheror |-) of both
we also shows the interference between photons and the uno@)-) and (7) reappears, which means we can not identify which-

servable potentials violates Bell's inequalities in keeping withyath the photons had passed through, i.e., polarizer 3 has made
the locality, which is consistent with relativity. This factis the {he jnformation of "which-path makers” unusable.

most important novel aspect of this report that the violation of
Bell's inequalities can not justify the non-locality of quantum
theory and the absence of hidden variables. NEW EXPLANATION FOR QUANTUM ERASER

The mathematical description of the photon states passing
TRADITIONAL EXPLANATION FOR QUANTUM ERASER through polarizer 1 and 2 for the traditional explanation re-
guires the quantum-superposition states (6) and (7) respec-
Figure 1 shows a typical setup for the quantum eraser. [22fvely.
Without any polarizers, an interference pattern which is com-  If Maxwell equations are deemed to be classical wave equa-
posed of dark and bright fringes can be observed on the scregions whose electro-magnetic fields obey the superposition
because light passing on the left of the wire is combiningprinciple, then the description is valid. However, applying
or "interfering,” with light passing on the right-hand side. In the superposition principle to particle image, e.g., inseparable
other words, we have no information about which path eackingle photon, leads to quantum paradoxes.
photon went. Here we take advantage of the unobservable potentials that
When polarizers 1 and 2, which are called "which-pathcan eternally populate the whole of space as waves indepen-
markers”, are positioned right behind the wire as shown indent of existence of the substantial photons. Therefore we can
figure 1, the launched light polarized in “48irection from  replace the photon stape) with |X) + |), where|/) is a state
the Laser is polarized in perpendicular (x-polarized and y+epresent the unobservable potentials whose probability am-
polarized) by these polarizers. Then the interference patterplitudes(/|¢) = 0 in initial states as described in (5) (when
on the screen is erased because "which-path makers” havkeere are no phase or polarization angléedences as de-
made available the information about which path each phoscribed below.). The unobservable potentials can be polarized
ton went. by the polarizers because the potentials also the electromag-
When polarizer 3 is inserted in front of the screen with thenetic potentials which obey Maxwell equations and populate
polarization anglet+45° or -45 in addition to "which-path the whole of space-time.
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Note that the unobservable potentials and localized poterwe calculate the single photon interference by using photon
tials that represent the substantial photons can be superposedmber operaton = é;él, we can obtain exact expression
because the both are originally a pair of Maxwell equations(|) o % + %cos(2¢ + 6) becaus€0/0) = 1 # (O)nj0y = 0.

i.e., (L)+ (2). Whered; is the operator obtained from (1). [15]

Then the following states, which are identified as [15] intro-  The above calculations are based on 8dhrger picture.
ducing polarization terms as same manner as [17], can geneie can obtain the same results based on Heisenberg picture.
ate the same interference as the quantum-superposition stati@sHeisenberg picture, the photon number operator should

(6) and (7). be replaced by = (511+ + éL)(él + &p). [15] Whered; and
1 . 1 . &, (p : polarization= x, y, - - - , etc) are the operator obtained
X + 1px0 = 1X) + Eye"f’e'g/zIX) - Eye_'¢e_'9/2lx> from (1) which represents the substantial photons and modi-
1 . . fied operator introduce the polarization terms in (3) as follows
V) + 1Lps 1ry) = 1Y) + éyé(m?”)e_'g/zly) which represents the polarized unobservable potentials.
1 1y .1 . ... 1 .
_Eye 1@+3mdf/2)yy (8) Ay = zyé"’é"/zal _ Eye i g-i6/23,
yvh(?rey2 =-1,¢ and_e are the indefinite metric,.the polar- al = %’ye_we_ie/zél - %ye%‘f’/zai (13)
ization angle of polarizer 3 measured from x-axis and phase
difference between left and right paths respectively. We can calculate (9) and (10) in Heisenberg picture as follows.

Therefore when we observe orjkp with polarizer 3, i. e.,

— at o afy(a A
6 = 0, the intensity of the interferencé) can be calculated as (1) =(ni(@; + &) (& + ax)in)

follows. = (nnjn) + (nlaa.n)
1 1 1 1
1y o (04 + (o) (I0) + 1) o 1= 5+ 50082 +6) = 5+ 5cos(2p)  (14)
= (XX = S(4%) + 2 (X% cos(26 + 6) .
L1 2 2 L1 (1) =(ni(&] + &) + & + &))(a + & + 81 + &)In)
=5+ 5C08(2¢ +6) = 5 + 5 C0oS(29) ©) = (nin|n) + (N[aZ&,dn) + (ninn) + (nfaja,In)
Hence the output intensity by rotation angle of polarizer 3 is =1+ % cos(2¢ + ) — % cos(2¢ — ) (15)

correctly-reproduced.
When we observi) and|y) with polarizer 3, the intensity Note that when we study (1) and (2) in Heisenberg picture, x-

is obtained as follows. polarized photon should be representedaby 3y instead of
a;. [15] Then when there are x- and y-polarized photons, the
(1 o< (X + Ly + Y+ Lpatnyl) operator should be represented by{3,) + (& + &,). Where
. a, can be obtained by replagewith ¢ + 17 in (13).
(|X> A lg‘“%”’y)) (10) ayThe new explanation can describe tég’o‘r 0y + ) which
Becausgxly) = (ylx) = 0, then can be identified as vacuum, creates and annihilates the sub-
| stantial photons through the interference.
(e (<X| + <§¢’X|) <|X> + |§¢,x>) Loosely speaking, the unobservable potentials are oriented
+(<y| + <g¢+%my|)(|y) + |g¢+%my)) (11) by the polarizers such as (8) or (13). Then the substantial
) ] photons surf on the sea of the oriented potentials which can
By using (9), we can obtain change into substantial photons through the interference.
1 1 1 1 Note that (8) are not the superposition statels-paind|-).
Nes+5 COS(2¢ + 6) + 5%3 cos(2¢ + m - 6) Instead, the states are composed of substantial $xatesly)
1 1 and states of unobservable poteniial These combination
=1+3 cos(2¢ + 6) - > cos(2¢ — 6) (12)  of the states create the same interference as the superposition

states ofi+) and|-). Therefore there is no wave packet re-
Wheng¢ = +x, +3x then(l) « 1 and¢ = =37 then(l) «  duction and fulfillment of engineering applications utilizing
1+ sing, which reproduces the interference correctly. the wave packet reduction such as quantum teleportation or
In this new explanation, the polarization of substantial pho-computer will be pessimistic conclusion.
tons is fixed and the photons can not pass through the polar-
izer whose polarization angle isfiérent from that of pho-
tons. However, the unobservable potentials create the sanm¢EW EXPLANATION FOR DELAYED CHOICE QUANTUM

interference as the superposition statg+ofand|-) as de- ERASER
scribed above. In case of single photon, the interference
can be calculated by (8) replacig with |0). Then(l) « In this section, we show new explanation for Delayed

1+ % cos(2¢ + 6) — % cos(2¢ — 0) is obtained. Note that when Choice Quantum Eraser as shown in figure 2 which consists
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Pol 1 Dp 0 + 3y€@ 020y — $ye @~V 9/2|0) at polarizer 1 and
propagate to BBO. BBO is forced to generate the photon pair
with polarizationp : ¢ ands: ¢ + %n according to the arrival
potentials. More precise explanation is as follows. By apply-
ing a photon creation operata;;*"to the polarized vacuum, i.

e.,

Pumping laser

QWP2
. / o~ N _
Slit a,'10) + 8, '14y) =
Filter 1 1
)+ Sye e By — Sye e By - (17)
FIG. 2. Typical setup for the Delayed Choice Quantum Eraser.

QWP1 and QWP2 are quarter-wave plates aligned in front of the.,, e caiculated as the created photon state at BBO. There
double slit with fast axes perpendicular. Poll is a linear polarizer. h i & =0b th . th th
BBO (8-BaB,0,) crystal generates entangled photons by sponta!S N0 PNase dierences = U because there IS no other pa

neous parametric down-conversion. [23] in the setup. Then the intensity of the created photon can be

calculated as follows.

of an entangled photon source and two detectors. The delayed I o 1.1 cos(26 — 2) (18)
choice has been demonstrated when the distance from BBO
to polarizer 1 is longer than that from BBO to the double slit.
[23] In or.der to create a photon, i. €l) = 1, ¢y = ¢ will be

Here we should take particular note of the fact that the pofequired.
larization angle of polarizer 1 has been chosen before the en- Then the polarization of the photon pair is fixed by the un-
tangled photons are generated. S. P. Walbornet et al. [23] hawbservable potentials instead of the entangle state (16). There-
pointed out that "the experiment did not allow for the observerfore when the polarization angle is set to the fast axis of QWP
to choose the polarization angle in the time period after photofQuarter-wave plate) 1 or 2, the interference pattern can be
swas detected and before detectiorpafFrom the principle  observed.

of causality, their point will be reasonable. Because the unobservable potentials can not be observed,
However, mathematical description for the phenomenon rewe are not aware of the determination of the polarization of
quires entangled state such as the photon pair by the unobservable potentials. This is the
reason why the state seems to be "entangled” and the choice
) = 1 (|X>s|y>p + |y>s|X>p) (16)  of the polarization angle of polarizer 1 seems to be "delayed”.
\ In order to confirm the new explanation, we should make

The entangled state declares that the state of the whole sy@XPeriments with a shutter between BBO and polarizer 1 as
tem is a quantum-superposition state consisbdafy), and follows. First, close the shutter not to make a definite orienta-
ly)slX)p. Therefore when the state of one photcsm(pp) is tion of the unobservable potentials. After the entangled pho-
observed and determined to b, that of the other photorp( (0N Pairs are generated, open the shutter. When the paéton

or s) suddenly changes from the quantum-superposition stat@easured by Ds, close the shutter again. After a time period,
into y) even if the photons separate from each other, which'e excite BBO to_ generate the next entangled photon pairs.
postulates the existence of long-range correlation beyond th&/nen the next pairs are generated, open the shutter again. By
causality (spooky action at a distance). repeating these procedures, we can make a comparison be-

Hence we consider physical phenomenon from the momeritveen the traditional results and new result. If the definite
we choose the polarization angle of polarizer 1 to the momerffientation of the unobservable potentials as mentioned above
BBO generates the entangle photon pairs. is valid, no interference pattern can be observed even if the

The unobservable potentials, which can change from thgolarization angle of Polariz_er 1is set to the fast axis of QWP
potentials into substantial photons, eternally populate the OF 2 throughout the experiment.
whole of space not forgetting the space between BBO and Po- Note that because the unobservable potentials obeying
larizer 1 independent of substantial photons. Hence the spadéaxwell equations propagate at the speed of light, the above
will be populated by the unobservable potentials which ardime period that prevents the unobservable potentials from be-
oriented by polarizer 1 as described above. More preciselyng oriented should be longer than the distance between BBO
the potentials determine the polarization of substantial phoand the shutter divided by the speed of light.
tons in the space in advance depending on the polarization The above new explanation is based on the preselected po-
angle of polarizer 1. larization by the setup. However even if the polarizations
For example, if we choose the polarization angle of polar-of the photon pair are randomly selected, the measurement
izer 1 tog which is measured from the polarization angle results seem to have the long-range correlation beyond the
of created photons, the vacuum is oriented®o+ |{s) = causality as follows. From (8), the measurement results of
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photonss andp are expressed as follows. The following quadratic form of four-vectors is invariant un-

1 1 der a Lorentz transformation.

I = - + - cos(2

(Is) o >t 5 (24)
1

{p) o= 2 2 cos(2¢) (19) The above quadratic form applied a minus sign expresses the

There is no such a classical correlation and the above ravave front equation and can be described by using metric ten-
sults violate Bell's inequalities. Therefore, the confirmationSOr.
method described the above have to be carefully implemented.
When there are no polarizers, the polarization is randomly se-

lected. Hence the appearance frequency proportional to thenis quadratic form which includes minus sign is also intro-
intensity of measured photon will be extremely lower than theqyced to inner product of arbitrarily vectors and commutation
case when there are polarizers. Thietence of the appear- g|ations in Minkowski space.

ance frequency will be the only way to distinguish the new Tne four-vector potential satisfied Maxwell equations with

explanation from traditional one. vanishing the four-vector current can be expressed as follow-

Whatever the results, the interference between the photonigg Fourier transform in terms of plane wave solutions. [24]
and unobservable potentials makes the long-range correlation

0€)? = (xH? = ()2 - () (24)

=

g XX = —X'x, =X+ Y +Z-CtP=0  (25)

beyond the causality that does not really exist in nature look ! . .
oxist ! ’ A = f dk > [aD (Kl (e ™ + alT (k) elV" ()]
1=0
(26)
TENSOR FORM OF THE ELECTROMAGNETIC FIELDS . d3k
k== ko= (27)
2ko(2n)

We have introduced the operator by usifg= —1 such as _ _ S o
(13), which expresses the unobservable potentials in heuristi¥here th((;,)umt vector of t|me-ax2|s d|rect(|1<nmnd pola}g;zanon
method in the above. When we use tensor form of the eIectroV?CtorSEy(z)(k) are introduced as” = 1, n° > 0 ande™ = n,
magnetic fields, the operator and results can be spontaneougly’ @hde” are in the plane orthogonal koandn
introduced as following manner. The followings is almost as ) Wy — ,
same as the appendix of reference [15]. €9 =-0r A, =12 (28)

The electromagnetic potentials are expressed as following®) js in the planeK, n) orthogonal ta and normalized
four-vector in Minkowski space.

GC)k).n = G2 = —
N (R0, AL R A (810, A) 20) K -n=0, [OK]? = -1 (29)
Then © can be recognized as a polarization vector of
scalar wavese® ande®? of transversal waves and® of a
i“=(°% j% % i3 = (co, 1) (21) longitudinal wave. Then we take these vectors as following

the easiest forms.

The four-current are also expressed as following four-vector.

When we set the axises of Minkowski spacedo= ct, x* =

x, x> =y, x3 = z, Maxwell equations with Lorentz condition (1) (1) 8 8
are expressed as follows. ) D - () _ (3)
p - =10l € =lol| €7=[1] €' =0 (30)
OA" = po 0 0 0 1

AN =0 22
g (22) When the Fourier cdicients of the four-vector potentials
In addition, the conservation of charge divdp/dt = Ois ex-  are replaced by operators,éﬁg 3, é(’l)(k)e}(f)(k), the com-

pressed a8, j* = 0. Whered, = (1/cot, 1/0x, 1/dy, 1/02) =  mutation relations are obtained as follows.
(1/0x°, 1/0x%, 1/9x?, 1/0x3) and o stands for the R N
d’alembertiann = 9,0 = §?/c23t? - A. [AuK), AL(K)] = —g,,0(k-K) (31)

The transformation between covariance and contravari-

ance vector can be calculated by using the simplest form oThe t|r_ne—aX|s Icompton(ta_nr b(corres ﬁnﬂséio/ =O Ohscatlﬁr
Minkowski metric tensog,, as follows. wave, I €., scalar potential beca ) =0 (u# 0)) hasthe

opposite sign of the space axes. Beca(@#y(k)Aj(k)(0) =

100 0 ~5(k - k') then
o g |0-10 0
o 00 -10 @ = -0 [ dkif? (32)
0 0 0 -1
Ai =g, where|1) = [dkf(K)A[(K)0). Therefore the time-axis com-

A =gA, (23)  ponent is the root cause of indefinite metric. Note that the
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products of the operators replaced from the four-vectors muddy choosingd = 6, = —(6y + n), i. €., the potentials undergo

introduce the same formalism. n phase shift and the relatively-same phase shift at polarizer 1
P A and 2 when divided,
A'A=-g, ATA (33)
1 1
In order to utilize the indefinite metric as followings, Coulomb (Is) o 5 = 5 COS(2] +6)
gauge that removes the scalar potentials should not be used. In 1 1
case of using Coulomb gauge, alternate unobservable poten- (Ippocs+3 cos(24| - 6) (41)

tials such as (2), which are derived from gauge invariance, are _
required for the interference. Hence we should choose= 0+ to correct the reversed signs,

Here we can recognize the potentials before passiniNich is attributed to the dierence between using = -1

through the polarizers 1 and 2 as and tensor form. o _ o
In case of both polarization photon exist, the potentials just
A= (Ao, A1, Az, 0) (34)  Dbefore the polarizer 3 will be expressed by summation of (35)

and (38). Then the potentials underglgphase shift by the

where, we neglect the longitudinal wave which is consid- )
polarizer 3 can be expressed as follows.

ered to be unphysical presence, i. &;,= 0 for simplicity.
When there are an x-polarized photon and scalar potential and A,y pol L 2-53) u =
pass through the each polarizers, then the potentials passing

0 6\
through the polarizers can be expressed as Ao COS(g| + EX) + Ay)o COS(g| + Ey)’ A1, Ay, 0
1.
A(x pol L)u = (EeIHX/ZA(x)Oa A(x)l, 0, 0) (42)
1. Therefore the output intensity of the polarizer 3 can be cal-
Ax pol 2) = (Ee"gx/ZAO()o, 0, 0, O) (35) culated as follows.
R
When these scalar potentials undergig|gphase shift, i. e., A(x, y pol 1, 243)A<x, y pol 1, 2-3)
the angle of the polarizer 3, by passing through the polarizer N Oy + Oy
3, the phase terms will be shifted 19 (|¢| + 6x/2). Here we = ~AoAo cos'(ig| + E) = AoAAo cos'(igl + E))

identify the number operators &8A A1) = (LATA|(1) = P o
(AT i X o4

(IAJAol1) = 1 because of the Lorentz invariance. Hence the (Ao + AyyoAxo) COS(4] + 5 ) cos(gl + 2)

isnlr(‘;gle photon interference (9) or (19) is obtained as follow- +A(Tx)1A(x)l + A(Ty)zA(y)z (43)

Then by choosing = 6, = —(6y + ),

A(x pol 1, 2-3) u = A(X pol 1-3) u + A(X pol 2-3) u Y g X ( Y )

0, 1A x,y pol 1, 2-3)/1
= (COS(¢| + E)A(X)O’ Ax1, O, O) A (]>-< y pol 1, 2H3)A( ’ylp 112910
(36) =1- > cos(2¢| + 0) + > cos(3¢| - 6)
3 -i_ 9 i 9
(ls) e <1|A(Ix pol 1. 2-3)x pol 1 2-3)|1) _<1|(AZX)OA(Y)° * AyoAAxo)lL) cos(@l + 5) sinél - 5)
= % - %cos(2¢| +6y) (37) “

Here we should recognizig) = a(|x) + ly)) and Ao and

Similarly, in case of a y-polarized photon Ay annihilate x and y-polarized photon respectively, i. e.,

_(L1a2 Axpoll) = 1) — alx) = aly) andAy)oll) = [1) — aly) = alX).
A pol 1) = (26‘| “Aypo, 0, 0, O) Becauseéxly) = 0, then
1 . ) .
Ay pol 2) 4 = (Ee_'gy/ 2Ayos 0, Ay)z, 0) (38) —<1|(A2X)0A(y)0 + Aéy)oA(x)o)|1> =- (012<Y|X> + 02<X|Y>) =0

(45)

_ Hence (44) corresponds to (12) and (15) except the sign.
Ay pol 1 2-3) i = Ay pol 1-3) 1 + Aty pol 2-3) u (44) P (12) (15) P 9

6)’
B (COS(¢| 20 0 Az, O) CONCLUSIONS

(39)
We have presented the quantum eraser can be explained

Then . o : :
without gquantum-superposition states by introducing the
(Ip) o (1IA(Ty pol 1. 253y pol 1. 253 1) states represent the unobservable potentials whose probabil-
1 ity amplitudes are zero. The explanation presents a image of

=5 = 5 C0S(2¢l + 6)) (40)  vacuum that can create and annihilate the substantial photons.
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