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ABSTRACT

As we know that people have been inventing new ways to travel faster from onefplace to another. Though the
automobile, airplane and rocket have been invented to decrease the amountfof time to réach our destinations,
yet each of these forms of transportation share the same flaw, i.e. they consume more tinie with respect to their
physical distance. Continued research over the years on such a method of travel,"where we can| reach our
destination without using any physical distance has resulted infimproved‘perfornamance as compared to initial
travelling methods. Basically it’s a property of telecommunications and transportationito’achieve a system
called teleportation. In this paper, we aim to provide an overview about experiments that have actually achieved
teleportation with photons, and how we might be ablesto use teleportation to travel anywhere, at anytime and
here Teleportation is going to be used practically for quantum key distribution invery near future by separating
its unique features. We also provide am“insight into some of the open problems and challenges facing

researchers in this field in the near future.
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I.INTRODUCTION

In March 1993 Charles H. Bennett from I1BM proposed a scheme, based on Quantum Mechanics, which in
principle could be usedito teleport antebject. The scheme was experimentally verified by Dik Bouwmeester et
al. in thegfall of 1997. In 2004 researchers at the University of Vienna and the Austrian Academy of Science
used an“800m-long optical fibrexfed through a public sewer system tunnel to connect labs on opposite sides of

the River Danube to achieve suchiteleportation.

Here we explore this phenomenon of Quantum Teleportation. We will then extend the discussion to Quantum
Information and Quantum Cryptography. The document is based on a discussion with an upper year course in
modern Physics withoUt mathematics given at the University of Toronto. Although the discussion is almost
totally non-mathematical, it requires considerable understanding of the Quantum Correlation experiments used
in describing Bell's Theorem. A document on Bell's Theorem is available here total file size including graphics
is about 47k.

Teleportation

Quantum Teleportation is a process by which we can transfer the quantum state of a system and its correlation to

another system. Or in a simple way we can say that Teleportation is the transfer of matter from one point to



http://www.upscale.utoronto.ca/PVB/Harrison/BellsTheorem/BellsTheorem.html
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another, more or less instantaneously. It is a recent phenomenon developed in the 1990’s. Recent experiments
confirm that quantum teleportation is possible at least for states of photons and nuclear spins. The quantum
teleportation is not only a curious effect but a fundamental protocol of quantum communication and quantum
computing. The principles of the quantum teleportation and the entanglement swapping are explained, and

physical realizations of teleportation of optical and atomic states are discussed.

Etymology

The word teleportation was coined in 1931 by American writer Charles Eort to. describe the strange
disappearances and appearances of anomalies, which he suggested may befeonnectedsHe joined the Greek
prefix tele- (meaning "distant") to the Latin verb portare (meaning "to capry™). Fert's first formal use of the word
was in the second chapter of his 1931 book, Lo, According to it "Mostly in this bedk | shall specialize upon

indications that there exists a transportry force that | shall call Teleportatien."

History

In 1993 an international group of six scientistsfRichard Jozsa, Willian K. Wpploters, Gilles Brassard, Claude
Crepeau, Asher Peres and IBM Fellow Chafles,H. Bennett, confirmed the“intuitions of the majority of science
fiction writers by showing that perfect teleportation is indeedspeossible ingprinciple, but only if the original is
destroyed.

This revelation, first announcétyby Bennett at an annual meeting of the American Physical Society in March

1993, was followed by a report on-his findings in the March 29, 1993 issue of Physical Review Letters. Since
that time, experiments using photons have proven that.quantum teleportation is in fact possible.

In 1998, physicistS at the California\Institute of Technology (Caltech), along with two European groups, turned
the IBM ideas into“reality by successfully teleporting a photon, a particle of energy that carries light. The
Caltech gfoup was able to read the atomie structure of a photon, send this information across 3.28 feet (about 1
meter) of coaxial cable and create a replica of the photon. As predicted, the original photon no longer existed
once the replica was made.

In subsequent years)other seientists have demonstrated teleportation experimentally in a variety of systems,

including single photens,ieeherent light fields, nuclear spins, and trapped ions.

Steps involved

The general idea behind the process of teleportation seems to be that the original object is scanned in such a way
as to extract all the information from it, then this information is transmitted to the receiving location and used to
construct the replica, not necessarily from the actual material of the original, but perhaps from atoms of the
same kinds, arranged in exactly the same pattern as the original. The steps are

1. Scanning
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Firstly, the object is completely scanned to extract all the information about it. For example, this may mean that
some device scans a space explorer on board her spaceship to find out what she's like. This includes finding her

height, her mass, the colour of her hair, what sort of shoes she is wearing etc..

2. Disassembling

As it’s difficult to send the whole information simultaneously thus after the extraction of data at the sending
station the object is disassembled to send the bit by bit information about the object to the receiving end. It
means nextly the machine "disassembles” the space explorer and sends or "beams" all the things that she's made
up of to some uncharted planet nearby. These include, for example, all the atoms if“her‘hody. The machine also

sends a message to the planet containing everything that it found out about hex

3. Reassembling
Finally, after collecting all the data sent, at the receiving stationghe objeet is again reassembled to get the exact
replica of the object sent i.e. we resemble the space explorer on the nearby planet using all the,things she's made

up of and the message. Teleportation is now complete.

Concepts Behind Teleportation

Teleportation is the process of moving from one place/to another without travelling through the intervening
space. Teleportation involves dematerializing an ohject at one point,“and sending the details of that object's
precise atomic configuration tofanother location, where itwill be reconstructed. What this means is that time and
space could be eliminated fromtravel =awe could be transported to any location instantly, without actually
crossing a physical distance. Teleportation canbe éxplained with the following object

1.Experiments ongohetons

2. Human Teleportation

3. Quantuim Teleportation

2.1. Photon experiment

As we have discussed imeur previous section, in the year 1993 physicists of California institute of technology
(Caltech), along with two European groups turned the ideas of IBM into reality by successfully teleporting a
photon, a particle of energy that carries light.

The Caltech group was able to read the atomic structure of a photon, send this information across 4 meter(3.28

feet) of coaxial cable and create a replica of photon.

Principles of photon experiment
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Teleportation involves dematerializing an object at one point, and sending the details of that object's precise
atomic configuration to another location, where it will be reconstructed. What this means is that time and space
could be eliminated from travel -- we could be transported to any location instantly, without actually crossing a
physical distance.

In performing the experiment, the Caltech group was able to get around the two principles

1. Heisenberg Uncertainty Principle, the main barrier for teleportation of objects larger than a photon.

2. Entanglement, the basis of teleportation

Heisenberg Uncertainty Principle
Statement

This principle states that it’s impossible to determine both the location and speed of an object simultaneously.
Measurement of one value changes the others value.

Limitation

According to the uncertainty principle, the more accurately an object is scanned, the more it is disturbed by the
scanning process, until one reaches a point where the object's original state has been completely disrupted, still
without having extracted enough information to make a perfect replica. This sound like a solid argument against
teleportation: if one cannot extract enough information from an object to make a perfect copy, it would seem
that a perfect copy cannot be made. In order to teleport a photon without violating the Heisenberg Principle, the

Caltech physicists used a phenomenon known as entanglement.

Entanglement

It solves the difficulty of measuring that we encountered in Heisenberg Uncertainty principle. Two particles are
said to be entangled when they come in contact. Measurement of one of the entangled sub-system puts the other
sub-system in the corresponding state.

Entanglement is a term used in quantum theory to describe the way that particles of energy/matter can become
correlated to predictably interact with each other regardless of how far apart they are.

Particles, such as photons, electrons, or qubits that have interacted with each other retain a type of connection
and can be entangled with each other in pairs, in the process known as correlation. Knowing the spin state of
one entangled particle - whether the direction of the spin is up or down - allows one to know that the spin of its
mate is in the opposite direction. Even more amazing is the knowledge that, due to the phenomenon of
superposition, the measured particle has no single spin direction before being measured, but is simultaneously in
both a spin-up and spin-down state. The spin state of the particle being measured is decided at the time of
measurement and communicated to the correlated particle, which simultaneously assumes the opposite spin

direction to that of the measured particle.

Principle
e Two photon E1, K and beam splitters (it splits a light into two equal parts) are required.

o We direct one of the entangled photons, say E1, to the beam splitter.
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Figuel- Photon E1 and K incident with a 45 degree angle on the beam spli

Meanwhile, we prepare another photon with a polarization of 45 degree i i me beam splitter
from the other side as shown in the figuel

This is the photon whose properties will be transported; we lab
the beam splitter at the same time.
The E1 photon incident from above will be reflected by t ime and will be
transmitted some of the time. Similarly for the K photon that is in 'S0 sometimes both photons

will end up going up and to the right as shown i

Similarly, will end up going down and to the right.

However, in th n going upwards and the other going downwards, we cannot tell which is
which. Perhaps both ere reflected by the beam splitter, but perhaps both were transmitted.
This means that the two'photons have become entangled.
In entanglement, at least three photons are needed to achieve quantum teleportation:

Photon A: The photon to be teleported

Photon B: The transporting photon

Photon C: The photon that is entangled with photon B
If researchers tried to look too closely at photon A without entanglement, they would bump it, and thereby

change it. By entangling photons B and C, researchers can extract some information about photon A, and the
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remaining information would be passed on to B by way of entanglement, and then on to photon C. When
researchers apply the information from photon A to photon C, they can create an exact replica of photon A.
However, photon A no longer exists as it did before the information was sent to photon C.

Quantum entanglement allows qubits that are separated by incredible distances to interact with each other
immediately, in a communication that is not limited to the speed of light. No matter how great the distance
between the correlated particles, they will remain entangled as long as they are isolated.

Entanglement is a real phenomenon (Einstein called it "spooky action at a distance"), which has been
demonstrated repeatedly through experimentation. Much current research is focusing on how to harness the

potential of entanglement in developing systems for quantum cryptograp tum computing and

teleportation.

2.2 Human teleportation

For a person to be teleport, a machine have to be built that can he power
28’ atoms that made up the human body. That is more than e would then

have to send this information to another location, where the

neurological or physiological defects.
Teleportation would combine generating clehing ation. i ital cloning, tele-tavelers would

Figure 4- Teleporting a human body from one place to another.

2.3. Quantum teleportation
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Quantum teleportation has achieved a new milestone or, should we say, a new ten-milestone: scientists have
recently had success teleporting information between photons over a free space distance of nearly ten miles, an
unprecedented length. The researchers who have accomplished this feat note that this brings us closer to
communicating information without needing a traditional signal, and that the ten miles they have reached could
span the distance between the surface of the earth and space.

Quantum teleportation, or entanglement-assisted teleportation, is a technique used to transfer quantum
information from one quantum system to another. It does not transport the system itself, nor does it allow
communication of information at superluminal (faster than light) speed. Neither does it concern rearranging the
particles of a macroscopic object to copy the form of another object. Its distingtishing feature is that it can
transmit the information present in a quantum superposition, useful feF quanturmy communication and
computation.

Procedure

Stated more precisely, quantum teleportation is a quantum jpfotocol by which a“qubit a (the basic unit of
quantum information) can be transmitted exactly from one location to another. The prefequisites are a
conventional communication channel capable of transmitting tworclassical bits, and an eptangled Bell pair of
qubits, with b at the origin and c at the destination.

Quantum teleportation involves entangling twoghings, like photons or ians, so their states are dependent on one
another and each can be affected by the measurement of the other's state.

When one of the items is sent a distance away, entanglement énsures, thatsthanging the state of one causes the
other to change as well, allowing the teleportation ofiguantum information, if not matter. However, the distance
particles can be from each other’has been limited so far to.@ number of meters.

Teleportation over distances of a few hundred meters has previously only been accomplished with the photons
traveling in fiber channels to help preserve their state..fhe two photons are entangled using both spatial and
polarization modeS and sent the one withfhigher energy through a ten-mile-long free space channel. It was found
that the distant photon was still able t0, respond to changes in state of the photon they held onto even at this
unprecedénted distance.

As thie figureyabove suggests, the unscanfed part of the information is conveyed from A to C by an intermediary
object B, which interacts first with C and then with A. What? Can it really be correct to say "first with C and
then with A"? Surelyjin orderito'convey something from A to C, the delivery vehicle must visit A before C, not
the other way around."Butithiere is a subtle, unscannable kind of information that, unlike any material cargo, and
even unlike ordinary information, can indeed be delivered in such a backward fashion. This subtle kind of
information, also called "Einstein-Podolsky-Rosen (EPR) correlation” or "entanglement”, has been at least
partly understood since the 1930s when it was discussed in a famous paper by Albert Einstein, Boris Podolsky,
and Nathan Rosen. In the 1960s John Bell showed that a pair of entangled particles, which were once in contact
but later move too far apart to interact directly, can exhibit individually random behaviour that is too strongly
correlated to be explained by classical statistics. Experiments on photons and other particles have repeatedly
confirmed these correlations, thereby providing strong evidence for the validity of quantum mechanics, which

neatly explains them. Another well-known fact about EPR correlations is that they cannot by themselves deliver
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a meaningful and controllable message. It was thought that their only usefulness was in proving the validity of
quantum mechanics. But now it is known that, through the phenomenon of quantum teleportation, they can
deliver exactly that part of the information in an object which is too delicate to be scanned out and delivered by

conventional methods.

Il. CONCLUSION

In all the theories we can conclude that, if we can teleport a single photon then it is possible to teleport many
photons simply by repeating the experiment in series many times. But this roughly works on two disjoint
photons. To teleport a single object comprised of many photons is still out of reagh of the'present experiment.

There are about 10%° matters particles comprising of a human persongeach of whigh has position and
momentum. In all we can conclude that we might also need to teleport‘the photens andfotherenergy particles
comprising a person. Teleport all that is going to be harder than few thousand photons. As we know nothing is
impossible so, many scientist are just doing their best t@ teleport'a human being, without using any
physical distance to travel. And the basic idea to teleport a objectsis with the help of photon
experiment and quantum teleportation theory. Quantum. teleportation. does “not transport the
information itself rather is a technique used to transfer quantum information from one quantum

system to another.
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