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How one shutter can closeN slits
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It is shown that a quantum shutter, preselected and postselected in particular quantum states, can close
simultaneously arbitrary number of slits preventing the passage of a single photon in an arbitrary state. A set of
K preselected and postselected shutters can close the slits preventing the passagdess photons. This
result indicates that the surprising properties of preselected and postselected quantum systems are even more
robust than previously expected.
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Probably the most paradoxical claim of quantum theory isWe postselect the shutter gtin the state
that a particle can be in some sense in several places simul-

taneously. Without this feature one cannot explain the inter- 1 N
ference picture obtained in multiple-slit experiments per- W)= ——| > |}~ VN=1|N+1) |, (2
formed with one particle at a time. A more robust claim of V2N—1\i=1

this type can be made about quantum preselected and post-

selected particle. With utilization of a particular preselectionwhere |i) is a state of a shutter localized in slif i

and postselection, we can claim that the particle should haver 1, ... N and|N+1) is a state of the shutter localized in
been found with certainty in each one out of several placesome specific different location.

given that it was looked for only in that pladd]. Such In order to prove our claim, let us consider the time evo-
claims became a subject of a significant controvégsylQ. lution of the quantum state of the shutter and the photon
Here we discuss another aspect of such preselected and podtiring the whole procedure. We assume that the free evolu-
selected particle which makes the claim that such a particle ifon of the shutter betweeny andt, can be neglected. Ini-

simultaneously in several places even more robust. tially, the photon moves towam slits, so its state is
Consider a photon arriving at a screen wittholes(slits)

at timet, Fig. 1. We have a single particishuttey which, if N

placed in a slit, prevents the passage of the photon through |‘lfin>ph=2 ;i) ph, 3

this slit. Our task is to close aN slits at timet with this =1

single shutter. o . L
\?Ve are allowed to perform preselection and postselectior‘i"here|'>ph is the state of a photon moving toward the slit

on the shutter: to prepare it at tirbgin state| ;) and select L€t us signify the state of a photon reflected from slés

itin the statgW,) att,, t;<<t<t,. If the postselection mea- |i)p,. Then, aftert, the time of the interaction between the

surement of| ',) fails, the experiment fails, but if it suc- shutter and the photon, their joint quantum state is

ceeds, we should be able to claim thathilits were closed

for the photon at time. 1 N _ N

If the photon, bouncing of the shutter causes a measurable I‘I')S,ph=— 2 [i)| i >ph+2 aj|j)ph
recoil, then a postselection can achieve this goal in a trivial V2N—1i=1 j#i
way. We just observe the shutter at time If we find a N
recoil, we may claim that the slits were closed at tiine N—-1 .
Indeed, we know that in this case the photon bounced back + IN—1 |N+1>Z ajlj)pn
from the screen. However, in the present work we do not rely =1
on this effect. The setup is such that there is no measurable 1 N
recoil of the shutter. = > aili)i Yont

The existence of a solution for this problem is surprising. PN—1 i1 e oN—1

The probability for the photon to be reflected from the slits
with the shutter in one slit, or in an arbitrary superposition in N N
all N slits, is 1N. Nevertheless, the preselected and postse- x 2 aj| 2 [iy+VN=1 [N+1)
lected shutter reflects the photon with certaitty/e will see =1 17
below that the probability of the postselection is smaller than
1N.)

To achieve this task we prepafpereselect the shutter at
t, in the state

[iYpn- (4

We can see that all states of the shutter appearing in the
second term in the last expressi@re., all states correlated
with a photon which passed through the sciese orthogo-

nal to the postselected stdt¥,). Therefore, after the post-

1 N selection, the photon state will have only reflected wave
| W)= ———| > [i}+ VN=1|N+1)]|. (1) components. The screen operates as a perfect mirror; the
V2N—1\i=1 final state of the photon is
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1 : where|op); and|cl); are the states of a shutter corresponding
;N n ;\ PN to an open or closed slit respectively. If now we test the
Lo X N number of closed slits, we will find with probability\(

" K \ —1)/(2N—1) that all slits are closed, and with probability

;' ~ AN N/(2N—1) that all but one slits are closed. However, we do
11> \ poly not test the number of closed slits. We send at tintae
\ ! ! / photon in an arbitrary state3) toward the screen. Then, at
' ! ,/ time t,, we postselect the shutters in the state,
|1)\\\ ' iy I,'|N> 1 N N N
oo @)= ==/ X |op)i [] [ch);—VN=1]T [cl); .
\ \‘ ’l ] 2N—-1 1 j#i =1
T (8)
FIG. 1. A single photon arrives a&f slits, but a single shutter A calculation, identical to the one performed above, shows
reflects the photon as if there were shutters in every slit. that a single photon passes the slits without distortion, as if
no shutters were present.
N In our method a singldpreselected and postseledted
|‘I’fin>ph: E aiﬁ Yoh- (5) shutter closesl slits for a single photon. What will happen if
1

i= at timet several photons are trying to pass through the slits?

If K photons move toward the screen in a particular corre-

The probability of the postselection of the stif,) at lated state
t,, given that a photon arrived at the screen at timis N K

W= 2, o [T [i)e. ©

Pr0u|qf2>):||P\P2|q’>p,pr“2 ) ) i )

then the shutter will reflect with certainty all the photons as it

reflected one. However, when the photons arrive in an arbi-

trary state, we cannot be sure that even one photon will be
reflected. Indeed, consider an incoming two-photon state,

N

R
- 2N_1i:1 ai||>ph

1 1
T(2N—1)2 ® |\If>2phzﬁ(|l>l|2>2+|2>l|1>2)- (10

It is important that the probability of the postselection in theAfter the interaction between the shutter and the photons at
case that there are no photons arriving at the screen does riipe t, the state of the shutter correlated with undisturbed
vanish, in fact, it happens to be the saméV,|w,)|?  state(10) is

=1/(2N—1)2. The probability for photon reflection irre-

N
) . . 1
spectively of the postselection, 12-1), is larger than the iV VN— 4
probability of the postselection. Otherwise, the method could [oN—3 23 [+ VN=1 [N+1) . (D

increase unconditional reflectivity.
We have shown that a single quantum shutter that haghis state is not orthogonal to postselected stateThere-

been preselected and postselected can close any numberfofe, a successful postselection is possible when both pho-

slits. It acts on the single photon exactly in the same way atons pass through the slits undisturbed, i.e., the two photons

N shutters. Conceptually, using this method one can build thenight pass through the screen with our preselected and post-

whole screen out of a single preselected and postselectestlected shutter.

shutter(particle). This screen will act on a single photon as a  In order to closeN slits for a pair of photons we neego

real screen made from many particles. In particular, a photopreselected and postselected shutters placed one after the

passing through such a screen will follow a correspondingpther. The first shutter should be preselected at tipie the
diffraction pattern. state

Not less surprising is a “dual” problem which can be

N
solved using our method. We have ndwshutters which N . =
close at leasN—1 out of theN slits. Nevertheless, we can W)= oN—2 21 i)+ VN-2 |N+1>) (12
preselected and postselect the state of these shutters in such a
way that a single photon will “seeN open slits. and postselected at tinte in the state

Consider the preselected stateNvEhutters

N
1
1 N N N |\Pé>: m(%'D_VN_Z |N+1>
_o\iZ
1) = ——=| X lop) [] lehj+VN=11] |cl); |, . .
V2N—1\i=1 j#i j=1 The second shutter is preselected and postselected as in the
(7) previous example, in staté$) and(2).

. (13
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If the two photons pass through two different slits without single photon in an arbitrary state, whKeshutters can close
disturbance, then the state of the shutter will be orthogonal tthe slits preventing passage of any number of photons
|W2). Therefore, given a successful postselection, one pho<K. On the other hand\ shutters which close at least
ton should be reflected by the first shutter. The second pho-1 slits can leave all slits open for a single photon.
ton is reflected by the second shutter as explained above.  For a preselected and postselected state of a single shutter

If the pair of photons pass through the same slit, then thguhich closesN slits, it was known beforg1] that the out-
state of the first shutter will not be orthogonal ;).  comes ofweak measurementgerformed in all slits corre-
Therefore, the photons in such a pair might both pasgpond to one shutter being in every slit. The present result
through. But, in this case, the second shutter will reflect botl’éhows that a measuring device, name'y' the photon, perform_
photons with certainty, since it stops any number of photongng strong measurement while being in a superposition in
arriving together as in correlated sta8. _ different slits also indicates the presence of the shutter in

Note that there is no possibility of “trapping” the pho- every slit.
ton(s) between the two shutters. The pha®reflected by This paper considers gedanken experiments which shed a

the second shutter in a particular slit cannot be reflected back, light on the problem of nonlocality in quantum mechan-

by the other side of the first shutter, because the arrival of th%S The main problem for practical realization of such an

photor(s) to the second shutter ensures that the first shutter is . . : .
absent at the slit. experiment is that it requires a gate between two quantum

In order to stop three photons we have to add anothe(ijects: the photon passing through slits and the quantum

shutter in front of the two described above. The additionaShutter- If the shutter is a photon too, then today’s technology

shutter should reflect one photon any time three photons aﬁllows preparation of the initial state. Indeed, there are sev-

rive at different slits. To this end, the shutter should be pre €@/ techniques for creating a single phofdd] and linear

selected and postselected in the statied) and |W}), opncallelements such as beam spllttgrs gllow preparation pf
an arbitrary superposition. Postselection is even simpler, it is

just a “reversed” preparation scheme ending with a detector
. (19 instead of a single-photon source. However, it is very diffi-
cult to arrange strong interaction between photons, so the
choice of photons for both particle and the shutter is not
1 N promising. Atoms do interact efficiently with photons in mi-
|Why=———| > [i)-VN=3 [N+1)|. (15 crowave cavities, so this maybe a basis for a more realistic
V2N—3\i=1 proposal, but there are several alternatives for a possible ef-

o ) ~ ficient quantum gate, and it is not clear when and which of
The generalization for larger number of photons is obviousinem will be realized first.

In this way K preselected and postselected shutters close an
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