Efficient All-Optical Switching Usi;g Slow Light within a Hollow Fiber
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We demonstrate a fiber-optical switch that is activated at tiny energies corresponding to a few hundred
optical photons per pulse. This is achieved by simultaneously confining both photons and a small laser-
cooled ensemble of atoms inside the microscopic hollow core of a single-mode photonic-crystal fiber and
using quantum optical techniques for generating slow light propagation and large nonlinear interaction
between light beams.
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The main idea

switch

“Optical switches operating at a fundamental limit of one photon
per switching event would futher enable the realization of key
protocols from quantum information science”
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What do we need to have optical switches in few photons regime?
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The Experiment Setup
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A little about guassian beams....
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How to get ‘effective’ long z; and small w,? Hollow Core Photonic Crystal Fibers

Single-Mode Photonic Band Gap
Guidance of Light in Air

R. F. Cregan,! B. J. Mangan,’ ). C. Knight," T. A. Birks,’
P. St. J. Russell,’* P. ]. Roberts,” D. C. Allan®

The confinement of light within a hollow core (a large air hole) in a silica-air
photonic crystal fiber is demonstrated. Only certain wavelength bands are
confined and guided down the fiber, each band corresponding to the presence
of a full two-dimensional band gap in the photonic crystal cladding. Single-
mode vacuum waveguides have a multitude of potential applications from
ultrahigh-power transmission to the guiding of cold atoms.

Science, 285, 1537 (1999)




The Experiment Setup
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Signature of cold atoms inside of PCF

@160 |

O . DIPOLE'TRAP OFF ~ DIPOLE TRAP QR
S 120 |

N

Q. g0 |

®

= 40

E ol

= - A PRI IR EPEPPPI IR
E 50 0 50 100 150

Frequency [MHZz]

OD (3000 atoms) ~ 30

13), 5P 5(F'=2)

probe
11), 5S4 ,5(F=1)

Broadering and
frequency shift

¥

AC STARK SHIFT



AC Stark Shift
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Fig. 7. (a) Two atomic levels | g) and |e} are coupled by a light field with frequency
wy. The coupling strength is characterised by the Rabi frequency wg. If the laser is tuned
below resonance, the ac-Stark shift causes the levels to repel. For wp < A the energy shift
1§ hmi /4 |Al. (b) In the dressed atom picture, the atom and the laser field are considered
jointly. The energy of a ground state atom and » photons is almost degenerate with with
that of an excited atom and n — | photons. The dressed energy levels form a ladder of
manifolds separated by the photon energy Rewy . The atom-field interaction splits the levels

within each manifold by AQ = hyJw} + A2 The eigenstates for the coupled system (| 1(n)),
| 2(n}}, etc.) are linear combinations of the uncoupled states (| g n), le,n 1}, etc.).

C.S. Adams and E. Riis, Prog. Quant. Electr. 21, 1 (1997)
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Non linear saturation based on incoherent population transfer
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50% reduction of probe transmission is achieved with ~ 300 photons



Electromagnetically Induced Transparency (EIT)

“Electromagnetically Induced Transparency is a quantum interference effect that permits
the propagation of light through an otherwise opaque atomic medium...”

C. Liu et al., Nature 409, 490 (2001)
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Electromagneticaly Induced Transparency (EIT)
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Others consequences of EIT: nonlinearity and slow
light
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Storage light

EIT dispersion EIT absorption

_ control
signal field
field

http://qis.ucalgary.ca/quantech/storage.php
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Slow light
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Transmission in the EIT resonance
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Four level N scheme
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Switch using 4 level system
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“ON” and “OFF” states of the switch
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A contrast of over 90% between
the “on” and “off” state of the
switch is desirabel for practical
applications.
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Summary

Observed with few photons
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