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required to hasten those electron jumps. The
frequency of the laser should be the same for
every clock tuned to a particular type of atom,
since that frequency is tied to the atom’s intrin-
sic, immutable electron transition energy. (For
cesium-133, the atom that calibrates the world’s
clocks, the frequency corresponds to microwave
radiation oscillating 9.2 billion times a second.) In
theory, the laser taps into a
pendulum that never strays
(SN:10/22/11, p. 22).

“These atoms will act ...
as one giant pendulum

entangled timepieces. James Thompson at JILA
and Vladan Vuleti¢ at MIT are working to squeeze
clock atoms together with lasers, similar to Monz’s
technique. “It’s really exciting talking to these guys
and testing these ideas out,” Ye says.

Creating individual entangled clocks is nice,
but they serve no practical purpose sitting on
a table in a laboratory. NIST broadcasts its
cesium clock signal over the
radio for use by consumers,
businesses and scientists.

But in practice, the pesky that can keep time much  Global positioning systems

randomness of quantum
mechanics fundamentally

more accurately.”

calculate a user’s location by
having multiple clocks com-
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limits the fidelity of frequency

measurements and thus the precision of cesium
clocks. Ye’s new strontium clock does better because
it divides time into shorter pendulum swings, using
visible-light lasers that oscillate 430 trillion times
a second, and it probes several thousand atoms
rather than just one. But even it is not immune to
quantum randomness.

Entanglement is the key to chipping away at
that randomness, according to Ye, Kessler and
their team. Their paper, posted online last October
at arXiv.org, envisions a clock of entangled atoms
that reduces noise by virtue of quantum connec-
tions between its components. Just as Monz’s team
consolidated 14 atoms into one mega-atom, Kessler
says, “these atoms will act not as individual pendu-
lums but as one giant pendulum that can keep time
much more accurately.”

While Ye hasn’t yet entangled the atoms in his
clock, he’s comparing notes with a small group of
quantum physicists that is already trying to devise

The world’s most precise and stable clock, located in
Boulder, Colo., works by tuning lasers to the exact internal
frequency of strontium atoms.
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pare the time it takes for
microwave radiation to travel to various satel-
lites. And the International Bureau of Weights and
Measures near Paris receives time readings from
clocks worldwide to set its Coordinated Universal
Time, or UTC, standard. Clearly, Ye says, “linking
clocks is absolutely necessary.” The same goes for
entangled clocks.

Transmitting time

The problem is that the faster an atomic clock pen-
dulum swings, the more difficult it is to share that
signal. Ye can’t broadcast the visible-light signal
from his strontium clock over the radio because it
oscillates too quickly. That means scientists have to
develop new technology that transmits visible-light
fiming signals from optical clocks. The trick is to
pin down the sources of noise that skew the signal
and counteract them, much like noise-canceling
headphones.

Physicist Stefan Droste at the Max Planck Insti-
tute of Quantum Optics in Garching, Germany, is
on the case. In September he and his team sent an
optical timing signal through a 1,840-kilometer
underground fiber-optic cable. He’s now working
with French researchers to link an optical clock
in France with one in Germany. Meanwhile, in
the mountains near Boulder, physicist Nathan
Newbury recently reported success beaming
optical signals through the air between his lab at
NIST and a mesa about two kilometers away. It’s a
first step toward beaming signals from clocks like
Ye’s to and from satellites.

Droste’s and Newbury’s work is important
because it could allow the world to share more pre-
cise time signals. But Ye and his colleagues argue
that sharing isn’t enough. They point out that there
is no physical device that serves as a master world
clock. UTC is actually a paper clock. Its “time” is
derived by averaging the readings received from
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