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¾Because we now can.

¾But also, tight confinement increases 

atom-light interaction

¾Simple, single mode geometry

¾First proposed in M.A. OlôShanii, Optics 

Comm., 1993



1. Hollow core fibers vs. Conventional fibers

2. Atoms in fibers I ïpassive transport

3. Atoms in fibers II ïactive transport

4. Atoms in fibers III ïfancier active 
transport

5. Fun with atoms in fibers



¾Conventional fiber optic transmission uses 

total internal reflection to confine light
ÅLeads to small loss (only inherent absorption of 

core material)



¾Propagation vector along waveguide axis:

ɓ = k n cosⱥ

ÅIf ɓ < kn, we have a real solution (guided mode)

ÅIf ɓ > kn, imaginary theta and evanescent mode

kn2< ɓ < kn1



¾Periodic structures = band gaps
ÅEg. Solid crystal lattices, cavities, etc.

¾photonic band gaps may be created



¾Create a 2-dimensional photonic band gap
ÅConfine/restrict modes in the transverse directions

¾R.F. Cregan, Science, 1999



¾Transmission of 35% of laser light through 

40mm of fiber

¾Input coupling efficiency was biggest 

source of loss



¾Pros:
ÅThey can support much higher power densities

ÅNo Fresnel reflections on in/out coupling

ÅNo losses due to absorption by core

ÅYou can fill them with atoms!

¾Cons:
ÅOnly a few centimeters worth of these fibers can 

be made (over longer lengths, the admissible 

modes change)





¾Attach either ends of photonic crystal fiber to two 

vacuum chambers and let Rb atoms diffuse into 

coated fiber from one end.

¾Some atoms physisorb, 

others linger; eventually 

reach steady state of 

atoms flowing in and 

being adsorbed.



¾Then use light-induced atomic desorption to 

remove Rb atoms from coated walls

Å1mW of desorbing beam yields an optical 

depth of 2000!

¾96MHz linewidths

were observed

¾Perform EIT with a 100pW probe, and 10nW 

control fields!





¾Load Na BEC into a focused, red-detuned 
optical dipole trap

¾Move the focus of the dipole trap to a 
separate vacuum chamber, which contains 
a hollow core fiber

¾2cm long, Blaze Photonics HC-1060-02

¾A second red-detuned dipole trap inside 
the fiber forms the óhollow-core trapô (HCT)





¾óAdiabatic transfer in a double well 

potentialô

¾5% of atoms retrieved

¾No atoms are retrieved in the absence of 

light in the HCT 



¾Held the atoms in the fiber for ~50ms before 

retrieval

¾They were uncertain about the exact transfer 

mechanism ïtunneling, spilling or sloshing.

¾It was hard:
ÅSpurious light distorted potentials

ÅThey had to be very precisely aligned to minimize 

coupling into cladding modes.



¾3 cm long, vertically mounted hollow fiber
inside ultra high vacuum

¾Laser cooled atoms in MOT guided near fiber
tip and loaded inside

¾Red-detuned trapping beam confines atoms 
inside fiber





¾First stage is MOT loading for 1 second, 

yielding 107 atoms at ~100µK.

¾Next, compress MOT by ramping up 

magnetic fields for 40ms before turning off 

magnetic fields

¾Polarization gradient cooling bring 

temperature down to ~40µK



¾ After polarization gradient cooling, load atoms into magnetic 
quadrupole trap and use a vertical offset field to bring atoms 
near tip

¾ Use the four wires to create a transverse quadrupole field, 
whose gradient increases as you near the fiber tip (~6kG/cm 
at fiber tip)

¾ Turn on dipole trap beam from below fiber ïitôs divergence out 
the top of the fiber creates a potential attracting atoms into the 
fiber

¾ Duration is about 40ms, and transfer 104 atoms into the trap, 
for an OD of ~50.



¾Hollow beam atomic guide
ÅBlue detuned hollow mode is used to confine the 

atoms into the fiber tip

ÅYields 3x104  atoms, OD ~150

¾Free fall!
Å5000 atoms happen to enter




