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Plan of the course:

18t lecture: Introduction to the interaction of
light with atoms, (nanofibers).

2"d lecture: Atom-light interaction of a two
level atom (nanofibers at low intensity).

31 [ecture: Atom-light interaction of a two
level atom (QO, cavity QED).

4™ lecture: Different types of laser traps for
atoms, (nanofibers, cavity QED, and
spectroscopy).

5t lecture: Weak interaction studies with Fr,
a proposal.



More about beatings In
nanofibers.
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Espectrogram
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Evanescent coupling




Direct mapping of the beating
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Transmitted light out of the probe
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Transmitted light out of the probe

b) 07,

8

Power (a.u.)

0 6 5 ] N } ) | ) | N i ) | ) | 5 i N } N
' %0 20.5 21 21.5 22 22.5 23 23.5 24 24.5
Fiber axis (mm)



Transmitted light out of the probe
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Abs. FFT (a.u.)
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Spectrogram
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The beat frequencies of the spatial modes
depend on the radius, (structured illumination
microscopy)



Propagation Distance (mm)
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FFT Amplitude

FFT within the length of 300 um
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Extraction of the radious from the beating frequency
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4™ |ecture: Different types of laser
traps for atoms.



1. Forces on an
electric dipole



Trap (Gaussian beam)
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Trap (Focused Gaussian beam)




Trap (Focused Gaussian beam)




Trap (Focused Gaussian beam)




Trap (Focused Gaussian beam)




Trap (Focused Gaussian beam)




Trap (Focused Gaussian beam)




Trap (Focused Gaussian beam)
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Trap (Focused Gaussian beam)
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Bubble of air in water
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What causes the electromagnetic pressure
on the atomic dipole? In a plane wave is
the magnetic field wave.

Careful with resonances on the surface if
the diameter ~A. Light can escape in a
different direction and the pressure
decreases.

QM: transfer of the momentum of light to
the atom.



Model: atoms as oscillating dipoles

The glass sphere in air responds as if it were an
oscillator excited below resonance: Red detuned
(0=w-w 4 < 0) the atom is attracted towards the
regions of higher intensity (1).

The air bubble in water responds as an oscillator
excited above resonance: Blue deturned (0=w-w
o > 0) the atom is repelled from the higher

intensity %
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Laser Cooling
Radiation Forces (Spontaneous emission):
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the emission does not contribute on average to the
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Average Force:
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A force that depends on velocity is dissipative!



Conservatron  3f midwssTons and cnergy:
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Optical Molasses
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We find a force that is linear on the
velocity, for small Doppler shifts
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This is great for cooling
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The Doppler Cooling limit:
(One dimension two level atoms)

Remember the force can have fluctuations! We
based everything on the average!
Rate of heating=Rate of cooling
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Limit of the temperature, by a characteristic time:

h

k. T =
T

characteristic

For a two level atom it the characteristic time is the
inverse of the lifetime, but if you have more
structure it could be the optical pumping time



Magneto Optical Trap (MOT)







Linear Zeeman Shift
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Francium Trapping Facility (FTF) at ISAC Hall 1

Sep 2012: Commissioning run (1)
*Fr laser trapping demonstrated
*isotopes 209, 207, 221

10°209Fr atoms trapped

Nov 2012: Commissioning run (2),
*Hyperfine anomalies and isotope shifts i
in isotopes 209, 207, 213, 206m.

Sep 2013: Commissioning run (3),

isotopes 221, 206m, 206g.
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3. Trapped atoms around a
nanofiber.



Potential of trapping (Dipole)
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Trapping Scheme
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4. Dinamics of atoms trapped
around the nanofiber.



Atoms as a birefringent medium
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Atoms as a birefringent medium
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Atoms as a birefringent medium
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Atoms as a birefringent medium
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Detection
Heterodyne polarimetry

Frequency detuning ~4 MHz

ZE = RN

E=—1 Polarimet
Probe o B Y

Nanofiber Trap
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Temporal dependence of the birefingence
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Temporal dependence of the birefingence
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Temporal dependence of the birefingence
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Temporal dependence of the birefingence
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Atoms moving In the trap
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Atoms as a birefringent medium
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Atoms as a birefringent medium
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Atoms as a birefringent medium
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Experiment and silulation give same frequencies.



Atoms as a birefringent medium
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Summary:
1. Radiation Forces.

2. Traps.
3. Example of trapping atoms around a

nanofiber.
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