Laser stabilization and control

PDH method
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PC is the optical power of the carrier wave, F’S’1 is the power of the first side-band wave, @is

the phase difference between the mixed signals.
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Figure 2.5: PDH error signal for finesse values of (a}) F a2 30000, (b} F = 200000. In both cases the
parnmeters 2 = 3 MHz, d = 47.635 mm, 3 = 1.08 and ¢ = 7 were fixed. Clearly high finesse values
entall n sharper fringe structure, u steeper center slope and o weaker signal between -1 and () as well
as 0 and 1.



L ~0.42). In this condition, the slope of the error

c

signal will be most steep.

3. The capture range of the PID is the side-band frequency from the carrier frequency, i.e. the
modulation frequency.

4. The locking point is integer multiples of the free spectral range of the reference cavity. The

integer is very large, typically around 10°.
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Polarization spectroscopy method
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1. There are two beams going through the hollow cathode

Tiytterbium

,1/'\—\ ¥ {
," ! \\
r 5
Amp =+ J LY
[/ \
/ ,’ | \\
/. J \
/b v " F=1 ‘
my = -1 0 1 *Sy;
S— F=q
lamp, one is pump

beam(right-handed polarization) which is used to deplete the population of F=1, me=-1. The

other one is probe beam(linear porization=c" + &~ ). Because of the depletion of population in

the F=1, mg=-1, the absorption of & component of the probe beam will be different from the

o~ component because the absorption is saturated for the & component but not for the o~

component.



2. Then there will be intensity difference between the vertical polarization beam and horizontal

polarization beam:
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The Wollaston prism will split the vertical polarization beam and horizontal polarization beam,
then the balanced photon-detector can detect the intensity difference.

3. The error signal:
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PDH method with ULE reference cavity
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1. Development of ultra-stable laser sources and long-distance optical link via telecommunication



Thermal shield

2. Diode laser frequency stabilization onto an optical cavity
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Demodulation and servo control system for frequency stabilization
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Laser control
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