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Why atoms In fiber?

Because we now can.

But also, tight confinement increases
atom-light interaction

Simple, single mode geometry

First proposed in M.A. Ol 0 S hGptics |
Comm., 1993
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Conventional optical fibers

Conventional fiber optic transmission uses

total internal reflection to confine light

ALeads to small loss (only inherent absorption of
core material)

A Conventional TIR guidance




Guided modes

Propagation vector along waveguide axis:
b = codsd n

Alfb  kn, we have a real solution (guided mode)
Alf b kn, imaginary theta and evanescent mode

A Conventional TIR guidance

kn.< B = Kkn




Dielectric stacks

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

photonic band gaps may be created

C Bragg PBG guidance

B Frustrated tunnelling PBG guidance




Photonic band gaps

Create a 2-dimensional photonic band gap
A Confine/restrict modes in the transverse directions

R.F. Cregan, Science, 1999



Hollow core fiber

ransmission of 35% of laser light through
40mm of fiber

Input coupling efficiency was biggest
source of loss
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Hollow core fibers

Pros:

AThey can support much higher power densities
ANo Fresnel reflections on in/out coupling

ANo losses due to absorption by core

AYou can fill them with atoms!

cons:

AOnly a few centimeters worth of these fibers can
be made (over longer lengths, the admissible
modes change)
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Low-Light-Level Optical Interactions with Rubidium Vapor in a Photonic Band-Gap Fiber
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We show that rubidium vapor can be produced within the core of a photonic band-gap fiber yielding an
optical depth in excess of 2000. Our technique for producing the vapor is based on coating the inner walls
of the fiber core with organosilane and using light-induced atomic desorption to release Rb atoms into the

tem for supporting ultralow-level nonlinear

| interactions, we perform electromagnetically induced transparency with control-field powers in the

watt regime, which represents more than a 1000-fold reduction from the power required for bulk,
focused geometries.

We applied these techniques to the fiber geometry by
surface modifying the core walls of a PBGF (AIR-6-800,
crystal fiber, with a core diameter of 6 wm and a band gap
extending from 750 to 810 nm, chosen to accommodate the
D, and D, lines of Rb at 795 and 780 nm, respectively)
with a monolayer of C;gH35 moieties by self-assembly of
octadecyldimethylmethoxysilane (ODMS) [25] via hydro-
lysis and condensation from solution. This monolayer
deposition technique avoids the clogging of the fiber core
that would occur for vacuum deposition of paraffin. The
coating solution was introduced from polyolefin syringes
to the PBGF via swaged fixtures, incubated in the core to
facilitate the monolayer deposition, and then flushed out.




Passive transport of atoms into
hollow core fibers

Attach either ends of photonic crystal fiber to two
vacuum chambers and let Rb atoms diffuse into
coated fiber from one end.

Some atoms physisorb,
others linger; eventually
reach steady state of
atoms flowing in and
being adsorbed.

FIG. 1 (color online). A schematic of the experimental setup.
Part of cell 1 is expanded to illustrate the region of the cell in
front of the fiber tip. The beam reflected off a mirror at the back
end of cell 1 is used to calibrate the density in the cell. PMT:
photomultiplier tube.




Passive transport of atoms into
hollow core fibers

Then use light-induced atomic desorption to
remove Rb atoms from coated walls

A1mW of desorbing beam yields an optical
depth of 2000!

O6MHz linewidths
were observed
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Perform EIT with a 100pW probe, and 10nW
control fields!
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Trapping of Ultracold Atoms in a Hollow Core Photonic Crystal Fiber

Caleb Christensen,! Sebastian Will,> Michele Saba,” Gyu-Boong
Jo.! Yong-1lI Shin.! Wolfgang Ketterle,! and David Pritchard!
'MIT-Harvard Center for Ultracold Atoms, Research Laboratory of Electronics,
Department of Physics, Massachusetts Institute of Technology, Cambridge, MA, 02139, USA
“Institut fiir Physik, Johannes Gutenberg-Universitit, 55099 Mainz, Germany
I Dipartimento di Fisica, Universitd di Cagliari, Italy
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the fiber. Originally, we had the intention to take more
quantitative data with such an improved setup. but the
priorities of the lab changed. Therefore, we have pre-
sented our qualitative results in this paper.




Trapping ultra cold atoms In
hollow core fibers

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

Move the focus of the dipole trap to a
separate vacuum chamber, which contains

a hollow core fiber
2cm long, Blaze Photonics HC-1060-02

A second red-detuned dipole trap inside
thefiberf or ms t h-eoddé ot 1 @& p



Trapping ultra cold atoms In
hollow core fibers

1000 pistance from fiber {um)
— — »

Voot ~ 9uK

FIG. 1: (a) Diagram of the optics setup. Note that both
beams used for trapping are first order diffracted beams from
acousto-optic modulators. (b) Close up of the region near the
fiber where the atoms are held and transferred. The combined
potential of the traps with 150 mW in the ODT and 5 mW
in the HCT is sketched.




Trapping ultra cold atoms In
hollow core fibers
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FIG. 2: Timeline for transferring atoms by ramping laser
power. The fiber light is ramped up while the atoms are
in the ODT, and the ODT is ramped down to transfer to the

5% Of ato mS retrl eved fll;eTatEnlrLs:;-;ned off for holding (2) and ramped up to retrieve
No atoms are retrieved in the absence of
light in the HCT




Trapping ultra cold atoms In
hollow core fibers

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

They were uncertain about the exact transfer
mechanism T tunneling, spilling or sloshing.

It was hard:
A Spurious light distorted potentials

A They had to be very precisely aligned to minimize
coupling into cladding modes.
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Laser-cooled atoms inside a hollow-core photonic-crystal fiber
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April 29, 2011)

We deseribe the loading of laser-cooled rubidium atoms into a single-mode hollow-core photonie-
fiber. Inside the fiber, the atoms are confined by a far-detuned optical trap and probed
weak resonant beam. We be different loading methods and compare their trade-offs in
of implementation complexity and atom-loading efficiency. The most efficient procedure results in
loading of ~30,000 rubidium atoms, which creates a medium with opt depth ~180 inside the
fiber. Compared to our earlier study [1] this represents a six-fold increase in maximum achieved

optical depth in this system.

3 cm long, vertically mounted hollow fiber
Inside ultra high vacuum

Laser cooled atoms in MOT guided near fiber

tip and loaded inside

Red-detuned trapping beam confines atoms

Inside fiber



Probing cold atoms In fibers

= coupling lens, f=20mm
rubidium dispenser

magnetic funnel
wires

upper fiber end

MOT coll
small shift coil

' _lower fiber end
coupling lens, =4 5mm




Loading detalls

First stage is MOT loading for 1 second,
yielding 107 atoms at ~100pK.

Next, compress MOT by ramping up
magnetic fields for 40ms before turning off

magnetic fields

Polarization gradient cooling bring
temperature down to ~40uK



Magnetic field loading

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

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

Turn on dipole trap beam from below fiberi i t 6 s di ver
the top of the fiber creates a potential attracting atoms into the
fiber

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



Other loading methods

Hollow beam atomic guide

ABlue detuned hollow mode is used to confine the
atoms into the fiber tip

fiber to
photon
counter

top probe
& additional
light fields

Free fall!
A5000 atoms happen to enter

B bottom probe
B & additional
B light fiel

dipole  pandpass
frap filter and

Ids
laser etalons




Fun with atoms In fibers

Efficient all-optical switching using slow light within a hollow fiber
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(Dated: January 3, 2009)

We demonstrate a fiber-optical switch that is activated at tiny energies corresponding to 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.




