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The main idea

probe

switch

OFFON

“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? 

� Large optical nonlinearity

�Tight confinement of the light beams
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� Long interaction time

� Low photon loss

EIT
Slow Light 

No Absorption



The Experiment Setup

3 cm long piece of

single-mode hollow-

core PCF

The diameter of

central hollow is

7µµµµm



Hollow Core Photonic Crystal Fibers
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How to get ‘effective’ long zR and small w0? 

A little about guassian beams.... 
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Science,  285, 1537 (1999)



The Experiment Setup

87Rb  cold atoms

w0 = 1.9 ± 0.2  µm 

OD (100 atoms) ∼ 1

Strong transverse confinement (ωt /2π∼ 50-100 kHz)

Deep trap potencial ∼ 10 mK@ few mW 



Signature of cold atoms inside of PCF

DIPOLE TRAP ON 
DIPOLE TRAP OFF 

Broadering and

frequency shift

AC STARK SHIFT

OD (3000 atoms) ∼ 30



AC Stark Shift

C.S. Adams and E. Riis, Prog. Quant. Electr. 21, 1 (1997)



Non linear saturation based on incoherent population transfer

50% reduction of probe transmission is achieved with ∼ 300 photons



Electromagnetically Induced Transparency (EIT) 

PBSPBS

“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)

probe

pump (control)
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Electromagneticaly Induced Transparency (EIT)
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"Electromagnetically Induced Transparency: Optics in coherent media", M Fleischhauer, A 

Imamoglu, J P Marangos, RMP, 77, 633 (2005)



Others consequences of EIT: nonlinearity and slow

light
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LV Hau, et al, Nature, 397, 594 (1999)  [BEC; vg∼ 17 m/s]

MM Kash, et al, PRL, 82, 5229 (1999) [hot vapor; ; vg∼ 90 m/s]
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Storage light

http://qis.ucalgary.ca/quantech/storage.php





Slow light 

The EIT pulse (red) is delayed ∼∼∼∼
100 ns for control pulse 

containing ∼∼∼∼ 3500 photons

vg ∼ 3 km/s



Transmission in the EIT resonance



Four level N scheme

Two level

system

When switch is ON:

AC Stark Shift in |2>

NO EIT effect



Switch using 4 level system 

Whithout swtich beam

Whith swtich beam

50% reduction

for 700 switch 

photons



“ON” and “OFF” states of the switch 

Truth Table

A contrast of over 90% between

the “on” and “off” state of the

switch is desirabel for practical

applications. 

Probe pulse containing on average 2 

photons

1/e attenuation in presence of switch 

photons ( ∼ 400 switch photons) 



Summary
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Observed with few photonsObserved with few photons

Implemented with ∼400 photons


