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Entangled Swapping:
: Look at image 4 to see more in depth how
' | entangled swapping will work. Two EPR
| sources produce two entangled particle pairs,
| ' pair 1-4 and pair 2-3. Two particles, one from
each pair (particle 1 and 2) gets a bell-state
| measurement (BSM). This results in projecting
b teleportation | the other two particles 3 and 4 onto an
A nonlinear < ryatal | entangled state.
: '“"h:_' nring ~Teleportation can allow the transfer of fast-
- m‘ I”: ‘!: | deciphering, short-lived particles onto a more
o be teleported stable system (particles).
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-First a UV-pulse (ultraviolet light) goes through a crystal which makes the photons (photons A
and B) entangled, then the pulse hits a mirror and goes through the crystal again making another
pair of entangled photons (photons X and Y). Photon A is sent to Alice and photon B is sent to Bob,

 this pair of entangled photons (A and B) will be used to TP the qubit information. Photon X will go
. through a polarizer, where it will be imprinted some qubit info. Were photon Y will be used as a
trigger to tell if the imprint work of not, also the trigger will tell if the imprint worked when it is
- no longer entangled with photon X because X is giving new info and Y can no longer recognize X
5o it stops being entangled with it. When X is no longer entangled with Y it is sent to Alice (NOTE
: Alice not has photon A and X with her now).
o _Second Alice sends photons X and A through a Fiber Coupler (in-fiber beam splitter). This
~ fiber Coupler acts like a 50-50 beam splitter, so for any of the two output, half of the light ends up
' in one output and half in the other output. Then the two outputs are sent to two polarizing beam
1 l splitters (PBS), were the photon(s) takes one path if it is horizontally polarized and the other path
| if it is vertically polarized (H and V), we use detectors H and V to tell if what position the photons
~ are in. Now we measure theses two photons behind the two polarizing beam splitters (PBS), we
are then able to project the original photons A and X into a certain entangled state. After that we
send the information Alice (the states of photon X and A) has got from the H and V to Bob (NOTE:
particle X is destroyed now).
~ ~Third Bob gets his photon B, which is entangled with photon A. The classical channel, which
jy how Alice and Bob commentate with each other, tells Bob, which entangled state, was
Alice (Alice’s measurements). Then what Bob has to do is rotate his photon
can be done by using an electro-optical modulator (EOM). NOTE an EOM work
e is applied the photon just passes through without modification. If the right
' the photon is rotated in the desired way (modification). We can
ton by measuring its polarization, using the polarizing beam splitter
ed around the beam axis in order to identify any linear polarization.
n worked or not is if the only correct one of the two detectors behind
e photon (X) and never the other one. It must be the detector that
ation of the teleported photon X.
right, then the teleportation of the qubit was successful and
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particle 2 the followlng will happen: If you learned particle 1 was atan up beam, then particle 2 will be at a

rticle 2 move to an up beam, particle 1 will move to a down. Quantum Mvdnnlcnll)lr this Is a rwa-plrudf

D (L)
/ 1 |

y the Internal properties of the source and we would assume for X=0. The equation above is called an entangled
1 that that neither of the two qubits carrles a defined value, but as soon as one of the two qubits Is subject to

measurement belng com random, the other particle will then Immediately be found to carry the opposite

affect the way theses particles commutate with each other, This is 100% non-logical. The essence of such

%ﬂﬂ explain the correlations (relationship) between the two sides (two particles) on the basis of local

‘ oFis like Schrodinger's cat theory), The quantum correlations between the two sides cannot be

hat the specific detector on one given side, which registers the particle, Is not influenced by the parameter setting, that
for the other particle. (NOTE there are many ways to express the meaning of Bell's Inequalities and they're many

three particles Instead of two. We will assume a source emits these three particles, as shoyvn at Image 3.1. Here is

gled partcles: :
- \
+10,10,149,) s A
pecullar properties. Also take note that these three particle’s qubits carry any information on thelr own, none of
Butas soon as one of the three particles s measured, the other two will assume a well-defined value as long as the
I the chosen 0-1 basis. This conclusion holds independent of the spatial separation between the three

L A_" mmuumnnnwhm

s ety of the two possibilities forming the superposition actually ':emms' This Is a Iarg:e
A4y \o%,) : (L\9) |

bit 1 carries the value *0° or "1, and likewise with qubit 2. Yet, If one of the qubits is measured the other one
hed quantum state. This can glve a person an (dea of how entanglement can and will be a LARGE part in

/S t0 produce entangled quantum states. Firstly, one can create a source, which through its physical construction,
ﬂw have the indistinguishability feature, This Is realized, for example, by the decay of a spin-0
s 't conservation of the internal angular momentum. In that case the two spins of the particles would
exist which permit one to distinguish the possibilities right at the soyree, the emerging

DY, -1 L(1Q)
! mmn- (1.16) has the chance to be rotationally Invariant; the two spins m.! anti-parallel alonlg

e might actually produce quantum states of the form of the Individual components in the superposition of
il hable In some way. This can happen when In type-11 parametric down conversl})n. where along a
photon states are: H

| 0 k \?‘) |

|

y polarized and photon 2 is vertically polartzed. But because different speeds of light for H anl}.i v
1 crystal, the time correlation between the two photons Is different In the two cases. Therefore, the
measurement and no entangled states results because of this potential to distinguish the two
[ shifting the two photon-wave packets after their production relative to
s of thelr positions in time. This means the application of a quantum eraser
g erased such that we obtaln quantum Indistinguishability resulting in the

COs)
|

o -muontnunnndldm-w‘nmlrk.fonnmp!e.&m an
‘ u?uMamm producing the non-entangled state:
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quantum state |0 |
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’ Two bits
EPR pair B lassical channel)

(quantum channel)

Photon with
quantum state |0)

————————— PE— ’

T time!

1) An EPR pair is generated, one qubit sent (0 location A, the other to B.

2) At location A, a Bell measurement of the EPR pair qubit and the qubit to be (clcported o

state ) is performed, yielding ane of four possibilitics, which can be encoded in (o classical bits of

information. Both qubits at location A are then discarded. .
~ 3) Using the classical channel, the two bits are sent from A to B. (This is the only potentially ime-
~ consuming step, due to speed-of-light considerations.) v
QMIM“W measurement performed at location A, the EPR pair qubit at location B is in one of
~ four possible states. Of these four possible states, one is identical to the original quantum stale iP). and
 the other three are closely related. Which of these four possibilities it actually is, 1s encoded in the two
 lassical bits. Knowing this, the qubit at location B is modified in one of three ways, of not at all, 1o

» qubit identical 1092, the qubit that was n for teleportation.
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