Large interaction between two light pulses traveling at equally slow velocities
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One of the best ways to send information is to encode a beam of light and send it through air or through optical
fibers. Not just ordinary information, but quantum information can be sent via light beams as well. Quantum
information is especially important because it may be used for applications that the non-quantum world can
never achieve.

For example, quantum computers can solve some problems that cannot be solved on non-quantum computers,
including cracking internet security protocols. On the other hand quantum cryptography provides a level of secu-
rity that is unobtainable without exploiting the quantum side of nature.

Quantum information with light requires
very weak beams, typically at the level of
single photons, which are the smallest
units of light. Light is especially attractive
as a quantum information technology be-
cause it is fast, travels a long way intact,
and the technology of sources and detect-
ors is so advanced.

But there is a problem: light controlling
light is a weak effect. In optical commu-
nication, this problem hinders develop-
ment of optical switches, and much slower
electronic switching is usually used in-
stead. Fortunately light can be slowed
down by exploiting so-called electromag-
netically induced transparency. If we can
slow two beams of light down, then their
weak interaction is amplified by spending )
more time together. In this way one beam Proposal to generate a large interaction between two weak light pulses
can significantly delay the other, even if (green & blue): a pump laser (red) shone on Rubidium atoms slows the

the beams are so weak that each has one pulses down, and a magnetic field (coils) induces the desired coupling
photon. between the two pulses.

Theorists have studied this problem, but so far strong interaction between two weak light beams has not been
demonstrated in the laboratory. The light beams have to be slow, travel at almost the same speed, and be feasible
in a typical medium.

We have discovered how to meet all the requirements using Rubidium gas as the medium to slow light and make
the two beams interact (see figure). This scheme works at the single photon level and will significantly advance
progress into overcoming the most important obstacle to quantum information processing, namely the excess-
ively weak interaction between two beams of light.
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