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Motivation: trapping and guiding atoms
Simplest configuration for trapping and guiding

(2) Photonic crystal wire(1) Current carrying metallic wire

Current carrying wire creates a 
potential for the atoms to be guided 
around and along the fibre.
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Our aim I: single colour trapping
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Centrifugal barrier: 

Van der Waals Potential :

Total potential: UTOT = Ured +  Uef + VAttractive force: red detuned light.

Repulsive force: rotational.
Van der Waals Force Total Potential

V.I. Balykin, F. Le Kien, Phys. Rev. A 70, 011401 (2004) 



Our aim II: two colour trapping

Attractive force: red detuned light.

Repulsive force: blue detuned light.
Potentials
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Blue detuned light: 

Van der Waals Potential :

Total potential: UTOT = Ured +  Uef + V

Potential around the fibre

V.I. Balykin & F. Le Kien, Phys. Rev. A 70, 06340 (2004)



State-of-the-art
J. Kimble & K. Vahala - Caltech

Strong coupling between individual 
atoms and WGM of microtoroids. 
Interactions near the surface of the 
resonator are determined by observing 
transit events for single atoms falling 
through evanescent field.

A. Rauschenbeutel & D. Meschede – Bonn/Mainz

F. Le Kien & V. I. Balykin – Tokyo/Moscow

WGM in highly prolate dielectric 
resonators with a cylindrical symmetry. 
Such modes exhibit two spatially 
separate caustics with an enhanced field 
strength. 

They show that fluorescence photons 
from atoms around the fibre are measured 
by observing photons through the fibere
guided mode.  



What do we need?

• Cold atom source.

• Tapered fibre with evanescent field.

• Positioning system: 

• Move atoms to fibre (magnetic fields)

or

• Move fibre to atoms (motor).

• Study interaction between evanescent field and atom.



B.Stop
2 kHz

50:50
BS

Rb Cell

λ/2
Tiger Laser Isolator

Shutter

AOM
Sat abs

Iris

Isolator

Perspex
slab

Flip M1

SanyoSanyo
LaserLaser

Rb Cell

BalancedBalanced
receiverreceiver

PD 1PD 1

PD 2PD 2

Repumping Laser

Cooling Laser

Wave
Meter

Flip M2

+1 order

Heating
Circuit

+ 12 V - 12 V

150 mm

50 mm

150 mm

200 mm

15 mm

250 mm

Ch 1

Ch 2

Trig

50:50
BS

Current &

Temp

Piezo

PI-100-AS

Trig 

Ch 2

Ch 1

∫∫

Pilot 
Controller

PD Signal
Error Signal

Sync

Current &

Temp

Piezo

PI-100-AS

Oscilloscope

Oscilloscope

OutputInput

B.Pass
2 kHz

Ref

Signal 
Generator

PD

Lock-in Amp

TTL

PD Signal Sync

Error Sig

DC PSU

VDC

Attenuator

Rf
Signal

17V

Iris

Beam 2

Bea
m 

1 B
ea

m
 

3 PBS
PBSPBS

1#
4
λ

2#
4
λ

3#
4
λ

2#
4

Re troλ 1#
4

Re troλ

Locking electronics for repumping laser
Locking electronics for cooling laser
Saturated absorption spectroscopy for 
repump and cooling laser

28V

Anti-Helmholtz 
coil

λ/22

AOM Driver

AOM
MOT

AOM Driver

150 mm 50 mm

4
λ

+1 order200 mm150 mm

PBS

λ/22

AOM Driver

Iris

DAQ Card

Cold atom source (for experimentalists)



Cold atom source (for theoreticians)



Cold atom source
Ion Pump

Pirani gauge 

Roughing Pump        
(1x10-2 mbar)

Anti-
Helmholtz 
Coils 4A

Turbo Pump       
(1 x 10-6 mbar)

Rb source

The chamber was 
flushed with rubidium. 
The atoms absorb and 
re-emit the photons 
from the cooling laser 
beams



Cold atom movie 



Characterise the MOT
Shape & position: the shape of the 
atomic cloud is determined by the 
beam alignment and their overlap with 
the zero magnetic field. Slight 
missalignment can be compensated 
using 3 pairs of Helmholtz coils.

3- pairs of Helmholtz coils

MOT

Cold atom source

Temperature: <100 µK

Number of atoms: ~107

Cloud radius: 1 mm

PD 
Loading time of MOT
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Diameter: the diameter of the MOT 
is determined from an image focus 
onto a ccd camera. The FWHM 
diameter of the intensity cross 
section is determined.

Number of atoms: the fluorescence 
from the MOT is measured using a 
photodiode. From this the number of 
atoms is calculated.



What do we need?

• Cold atom source.

• Tapered fibre with evanescent field.

• Positioning system: 

• Move atoms to fibre (magnetic fields)

or

• Move fibre to atoms (motor).

• Study interaction between evanescent field and atom.



Basic model of a tapered fibre

Nclad

Ncore Nclad = 1.4595 
Ncore = 1.4537  
Nvac = 1

Nvac

r (µm)8 62.5

< 1 µm125 µm 16 µm

Cladding becomes core,

vacum becomes cladding

a

Nvac

Nclad Nclad = 1.4537  
Nvac= 1

r (µm)

Transmission efficiency:

• Heat source (uniform).

• Tapering angle – pull length.

• Improved by clean air flow.



Intensity profile as a function of radius
X

Y



Evanescent field power

0 0.2 0.4 0.6 0.8 1
0

20

40

60

80

100

Fibre Radius (µm)

P
ow

er
 (

%
)

 

 

Core
Evanescent

It is important to know the amount of 
power that resides in the core and the 
evanescent field. 

a = 0.5 µm, Ev =5%
a = 0.3 µm, Ev = 20%
a = 0.1 µm, Ev = 100%

a = 0.15 µm a = 0.25 µm



What do we need?

• Cold atom source. 

• Tapered fibre with evanescent field.

• Positioning system: 

• Move atoms to fibre (magnetic fields)

or

• Move fibre to atoms (motor).

• Study interaction between evanescent field and atom.



Nano-position fibre control
• The squiggle motor uses ultrasonic standing wave 
vibration in a thread nut to directly rotate a screw.

• The piezoelectric plates are bonded to flat surfaces 
on the outside of the metal tubing at 90 ° spacing.

• The PZT plates are activated to achieve two phase 
electric drive with a fixed frequency out of phase by 90°.

• +90° is forward motion, and -90 ° is reverse.

Squiggle motor

Tapered region

Teflon feedthrough

Squiggle support

Vacuum seal

Fibre support • large travel range.

• miniature.

• nano-scale resolution.

• programmable.

• vacuum compatible



Fibre positioning system in vacuum
Transmission 
through fibre
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Transmission increases as a 
function of pump down due to 
impurities being removed.

Transmission through the fibre is 
monitored as a function of pump down 
and bake-out.
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Sustained oscillation in transmission 
observed when the squiggle motor was 
operated.

Transmission decreases as a function 
of bake-out due to out-gassing but 
recovers once cooled down.



Testing the squiggle motor
Publication: “Ultrahigh vacuum compatible nanopositing

system based on an ultrasonic piezoelectric motor”

Fluorescence photons emitted into the 
guided mode are measured through the 
optical fibre using a photon counting 
module. Photons are also coupled from 
the cooling and repump lasers, as well 
as atomic scattered photons.Radiation modes

Thin optical fibre

Atom
Photon Counter

PSCATTERED = PDETECT – PCOOLING – PREPUMP - PDARK

Radius measurement by 
moving fibre through MOT

The fibre is geometrically 
overlapped with the atomic 
cloud by moving the fibre and 
monitoring its position with 
two CCD cameras.
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What do we need?

• Cold atom source. 

• Tapered fibre with evanescent field.

• Positioning system: 

• Move atoms to fibre (magnetic fields)

or

• Move fibre to atoms (motor).

• Study interaction between evanescent field and atom.



Atoms interacting with evanescent fields
The number of atoms that interact with 
the evanescent field can be 
determined by comparing the MOT 
density with the interaction area.
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As seen before, the power varies 
azimuthally around the fibre. This can lead 
to a variation in the penetration length of the 
evanescent field. There is no substantial 
increase in the evanescent field for radii > 
0.2 µm

The number of atoms interacting 
with the evanescent field depends 
mainly on the density of the 
atomic cloud rather than the 
radius of the fibre.



VCO           
(0 – 10 V)

Absorption Experiment

MOT Beams

Sat abs

Fibre

MOD         
(0 - 1V)

VCO           
(0 – 10 V)

MOD         
(0 - 1V)

2
3 4

CO: 
2→4

CO: 
3→4

CO: 
2→3

63

Laser 
locking 
position

0 
AOMMOT

+1 AOMMOT
(1st pass)

+1 AOMMOT
(2nd pass)

82

60 60

115 
82

AOMsat abs AOMMOT AOMfibre

A.P.D.

ON

OFF

OFF OFF

ON

ON

Fibre 
probe

Cooler, repump, 
magnetic field

+24        
MHz

-24         
MHz

Fibre probe 
detuning

A
bs

or
pt

io
n

Detuning (MHz)
-24 240



Conclusion
• Outlined long term objective.

• Showed what other groups in the same area are doing.

• Introduced our cold atom experiment.

• Modelled tapered fibres and evanescent field.

• UHV nano-positioning system.

• Future experiments.
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