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Bringing the quantiim o
stage nearer to understanding

® Michael Boyd, LPS Special Correspondent

ANEW LAW of quantum mechanics, which may

have potential applicaticns for quantum computers,

has been discovered by an international team of

scientists working at a UK university.

The team comprises two scientists at the University
of Wales, Banger. They are Dr Arun Kumar Pati, who
is at the university but is based at the Bhoba Atomic
Research Centre, Mumbai, India, and Dr Samuet L.
Braunstein, at the School of Informatics.

Together they have pubiished a paper in o recent
issue of the infernational journal, Nature (March 9,
2000}, describing their discovery of a new law which
they call the quantum no-deleting principte.

Quantum computers are able to carry out vast
numbers of calculation in parallel. But ane unforeseen
consequence of quanium theory is that information
con never be deleted, according to the law discovered
ai Bangor.

The problem may be siofed with the example of
single photons as carriers of information using differ-
ent polorisations. Suppose one starts with fwo photons

with the same initicl polarisation. The question is

whether it is possible fo defete the information content

of one or more of these photons by a physical process?
Specificclly, the Bangor team was dealing with the
case where two photons are in the some inifiai
polarisotion siote and wondered if there was o mecha-
nism that produces one photon in the same initial state
and the other in some standard polarisation state?
They recsaned that if this couid be done, then one
could create a standord biank state on to which one
could copy an unknown state approximately, by deter-
ministic cloning or, more precisely, by probability

cloning. This in principle couid be usefui in quantum

computation, where one could store new information

in an already compuied state by deleting the old

information.

The Bangor duo has shown that the linearity of
quantum theory does not allow the delefion of a copy
of an arbitrery quantum state peredtly. Although in o
traditional computer, information task can be deleted
ogdinst a copy, the analogous task cannot be accom-
plished, even irreversibly, with quantum infermation.

While this new law may protect users from acciden-
tal or. deliberate deletion of dota, it also suggests that
quantum computerswill require vastomounts of memory.

Overall, the new principle will piay a pivetat role in
the development of the quamtum computer. Initially,
altheugh the quantum no-deleting principle puts a
fimitation on quantum information it may weil lead 1o
new ways of harnessing quantum information.

This discovery comes at on apposite time as

scientists worldwide are
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" AT A GLANCE -

B Quantum computers

utilise an enormous
paralieiism. Even a

Jfewbundred atomsin- -

a quanium compulter
could be in more con-
Jigurations than there
are particles in the
universe.

Computers working
at the atomic scale
designed to specially
use the weirdness of
the quantum world
are predicted to
achieve startling
speed-ups in process-
ing power.
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engogedinaracetocom-
mercially develop the im-
mense potential power of-
fered by quantum com-
puters, Although much is
written about them, they
ara littlle understood.
Essentially they are a
novel kind of computer
that promises much
greater number-crunch--
ing power by exploifing
the strange properties of
quantum mechanics, the

theory which works at the
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A QUANTUM
computer would
comprise a set of

trapped atoms lit
alternately by a series
of lasers, ina

sequence controlled

by a conventional
computer

© e o,

 :  dimensions of atoms. and molecules that microchip
' -components are fost approaching.

“The advances in conventional computer technol-

ogy have seen an incredible- increase in speed to-
gether with the produciion of microchips to ever
smaller scales,” scid Dr Braunstein.

He confinued: “When these scales approach the
sizes of aloms, then different laws, described by
quantum physics, come into pluf. Computers warking
ot the atomic scale designed to speciolly use the
weirdniess of the quantum world are predicted to
achisve storfling speed-ups in processing power. These
are called qﬁcnfum compulers; -

“A quantum computer would comprise o set of
trapped atoms lit aternately by o series of lasers, in a
sequence controlled by a corventional computer. The
atoms might be-thought of as o fancy Rubik’s cube’,
with the- different lasers corresponding to different
menipulations on it,

“However, the laws of quantum physics aliow this
quanium Rubik’s cube to be in ail possible configura.
tions simultaneously, instead of one ot a time as for a
classical cube. This weird behaviour allaws o quantym
compufer to utilise on encrmous parallefism that
seems atmost for free. For example, even a few
hundred atoms in o quantum computer could be in

more configurations simullanecusly then there are

purhcles in the .universe.”

Dr Braunstein describes the probiem they have
fornd as fallows: “Abhouch it may toke several de-
cades 1o. build. quantum computers, many scientists
around the world are already working towards their
realisation. Fer suchiong-range planning to succeed,
it is essential to grusp the boundaries of copability of
such quantum fechnology.

“For axample, the established no-cloning pnnapie

. siofes that if we tried building o copying machine for

quanivm ob|ed$ we would foil, because we cannot

meqgsure @ quantum stale precisely encugh. This prin.

" cipleis now recognised by scientiststo be an important

milestone in the realisation of quantum computers,
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“Ta understand fhéir result itis: necassaryfo recall

asimple task for any.conventional computer. If several .

copies of somedata had been stored, then itwould be

easy for anyone o delete one or more of these copies,

leaving the rest intact. By controst, the new principle:

states that, if several copies of the quantum dote had

been on a quantum computer, then only the: ong:nnl_

owners could delefe any of them. No-cne else could

delete even a single copy,” he said:

Dr Pati explained: *This tosk looks very much like

rurning a copying machine in reverse: starting with

two idantical copies and leaving ¢ single-criginal and

a blank sheet. Like cloning, this task is impossible in

the quantum world. To our surprise, the no-deleting
principle describes a new boundary for the quantum
world, and is different from- that described by
no-cloning, '

“I'am sure that this quantum no-deleting principle

will play a pivotal role in our present ynderstanding of

quantum information and further cur ability o hande-

and manipulate quantum informaiion. The fact that it

is impossible fo delete quantum information means

that in principle the information is very secure, in the

sense that it cannot be accidentolly tompared with. It
does, however, present the prablem of remaving infor-
mation completely, when that is what you want to do.”

Prior ta this discovery Dr Braunstein already had o
considerobie reputation in ‘sirange’ science, Some
fime ago he wasinvolvedinthe first verified teleporiation
experiment: Iy the expe;iméni, a piioton of fight was
‘teleported’ proving that the theory does not only exist
in the realms of science fiction, althoug it remains a
long way from being an everyday reality .The experi-
ment was carried out by Dr Braunstein’s research
calleagues ot CalTech in Califomia lost year and was
indluded by CNN in iis list of the- top 10 scientific
advancements of the year.

for more informotion, contact: Or Arun Kumar

Pati, Schoolof Informatics, University of Woles, Bangor,
Gwynedd, UL57 2UW, UK. Tel: 1248382719, E-mail:
akpati@sees. bungor ac. uk =
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