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Scientists 
cite progress 
in refuting 
Einstein 
Dutch experiment shows 
consistent success in 
sending quantum data 

BYJOHNMARKOFF 

Scientists in the Netherlands have 
moved a step closer to overriding one of 
Albert Einstein's most famous objec­
tions to the implicatioos of quantum me­
chanics, which he described as "spooky 
action at a distance." 

In a paper published Thursday in the 
journal Science, physicists at the Kavli 
Institute of Nanoscience at the Deift 
University of Technology reported that 
they were able to rehabiy teleport infor­
mation between two quantum bits sepa­
rated by three meters, or about 10 feet 

Quantum teleportation is not the 
"Star Ttelf-stylc movemem of people 
or things: rather, it involves transfer­
ring so<aUed quantum infonnation—in 
this case what is known as the spin state 
of an electron — from one place to anoth­
er without moving the physical matter 
to which the information is atUched. 

Classical bits, Uie basic units of infor­
mation in computing, can have only one 
of two values — either 0 or L But 
quantum bits, or qubits. can simulta­
neously describe many values. They 
hold out both the possibiUty of a new 
generation of faster computing systems 
and the ability to create completely se­
cure communicacion networks. 

Moreover, the scientists are now 
closer to defüiiüvely proving Einstein 
wrong in his early disbeUef in the noüon 
of entanglen»ent, in which parücles sep­
arated by light-years can still appear to 
remain connected, with the state of one 
particle instantaneously affecting tbe 
state of another. 

They report that they have achieved 
perfecUy accurate teleportation of 
quantum infonnation over short dis­
tances. They are now seeking to repeat 
their experiment over a distance of 
more than a kilometer. If they are able 
to show repeatedly that entanglement 
works at this distance, it wiU be a defin­
itive demonstration of the cnlanglc-
menl phenomenon and quantum me­
chanical theory. 

Succeeding at greater distances will 
otter an afnrmati%-c solutwn to a thought 
experiment known as BeU's theorem, 
proposed in 19G4 by the Irish physicist 
John Stewart BcU as a method for deter­
mining whctlicr particles connected via 

chanical theory. 
Succeeding at greater distances will 

offer an affirmative solution to a thought 
experiment known as Bell's theorem, 
proposed in 1964 by the Irish physicist 
John Stewart Bell as a method for deter-

l whether particles connected via 
n entanglement commimicate in-
a faster than the speed of UghL 

"Tliere is a big race going on between 
five or six groups to prove Einstein 
wrong," said Ronald Hanson, a physi­
cist who leads the group at Delft. 
"Tho^ is one very big fish." 

In the past, scientists have made halt­
ing gains in teleporling quantimi infor­
mation, a feat that is achieved by fordng 
physically separated quantum bits into 
an entangled state. 

But reliability of quantum teleporta­
tion has been elush^e. For example, in 
2009, University of Maryland physicists 
demonstrated the transfer of quantum 
information, but only one of every 100 
million attempts succeeded, meaning 
that transferring a single bit of quantimi 
information required roughly 10 
minutes. 

In contrast, the scientists at Delft 
have achieved the ability "determinist-
ically," meaning they can now teleport , 
the quantum state of two entangled elec­
trons accurately 100 percent ofthe time. 

They did so by producing qubits using 
electrons trapped in diamonds at ex­
tremely low temperatures. According to 
Dr. Hanson, the diamonds effectively 
create "miniprisons" in which the elec­
trons were held. The researchers were 
able to establish a spin, or value, for 
electrons, and then read the value reli­
ably 

In addition to the possibility of an im­
pregnable quantum Internet, the re­
search holds out the possibiUty of net­
works of quantum computers. 

To date, practical quantum com­
puters, wliich could solve certain 
classes of problems far more quickly 
than even the most powerful computers 
now in use, remain a distant goal. A 
functional quantum computer would 
need to entangle a large number of 
qubits and maintain that entangled 
state for relatively long periods, some­
thing lhat has so far not been achieved. 

A distributed quantum network might 
also offer new forms of privacy, Dr. Han­
son suggested. Such a network would 
make it possible for aremote user to per­
form a quantum calculation on a server, 
while at the same time making it im­
possible for the operator ot the server to 
determine the nature of the calculation. 
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A rendering of the quantum teleportation 
of a spin slate betvveen two diamonds. 
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