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Optical Atomic Clocks

« Most accurate frequency standards (at lab scale)

- Make applicable - compact, portable, cheap

« Optimise system subject to constraints W

Our work:

1. Model for laser wavefront curvature in thermal beam clocks

2. Optimisation of laser parameters to maximise Fisher information of
clock signal

3. Analysis of frequency shifts/instability of the clock




Ramsey-Bordé Interferometry

Promising compact atomic beam clock architecture
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Demonstrated by Olson et al.:
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Ramsey-Bordé Interferometry
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Gaussian Laser Model

Using Magnus expansion we find:
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Comparison with Olson et al.
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Optimising Waist Position
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Optimising Waist Size

Brightness, bg

Contrast, co

Small waist:
Low excitation probability [
More atoms contribute

Large waist:
High excitation probability [
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Frequency Shifts and Stability
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Thanks for Listening! arXiv:2212.00

Summary:

1. Intuitive description of laser wavefront curvature in beam clocks -
predictions consistent with experiment

2. Optimised position and size of waist to maximise Fisher information
3. Shifts/instability of clock frequency dominated by Gouy phase
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Optical Atomic Clocks

« Most accurate frequency standards (at lab scale)

- Make applicable - compact, portable, cheap

« Optimise system subject to constraints W

Our work:

1. Model for laser wavefront curvature in thermal beam clocks

2. Optimisation of laser parameters to maximise Fisher information of
clock signal

3. Analysis of frequency shifts/instability of the clock transition




Ramsey-Borde Interferometry
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Ramsey-Borde Interferometry
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Gaussian Laser Model
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Gaussian Laser Model

Magnus expansion:

log(U) ~ —i / H(t)dt )




Gaussian Laser Model

Magnus expansion:

log(U) ~ _i/ H(t)dt Transit time , w(z)
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Gaussian Laser Model

Magnus expansion:

log(U) ~ —73/ H(t)dt Transit time
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Comparison with Plane Wave
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Comparison with Plane Wave
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Comparison with Olson et al.
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Optimising Waist Position

Peaks in brightness and dips in
contrast when laser is focused at
interaction zones
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Optimising Waist Position

A good signal should have high brightness (a
and high contrast
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Optimising Waist Position

Fisher information maximised
when waist is positioned near
symmetric point between

interactions
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Optimising Waist Size

Small waist - small transit time but small portion :
of beam with flat wavefronts SEe Brightness, by
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Frequency Shifts and Stability
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Frequency Shifts and Stability
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Thanks for Listening! arXiv:2212.00

Summary:

1. Intuitive description of laser wavefront curvature in beam clocks -
predictions consistent with experiment

2. Optimised position and size of waist to maximise Fisher information
3. Frequency shifts/instability of the clock dominated by Gouy phase
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