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The Fine Structure Constant, «

¢ Dimensionless combination of
fundamental constants
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a —]
4dme, he

¢ Strength of electromagnetic

“... undoubtedly the
most fundamental pure
(dimensionless) number
in all of physics. ”
-David Griffiths

coupling in QED

¢ Magnitude of relativistic
corrections in atomic physics

“... all good theoretical
physicists put this
number up on their wall

and worry about it”
-Richard Feynman




Best Measurements of «
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Atom Recoil Measurements
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Using w ... to Measure «

¢ Recoil frequency combines with precisely
known constants to give an expression for « .
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Measuring ® ... with

Atom Interferometry

¢ Diffraction by standmg Horizontal Position
waves of light gives precise 0 | Splittng Pulse.
momentum kicks with Y/ A
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Precision of Atom Interferometry

¢ Uncertainty 1n recoil frequency due to
uncertainty in phase and time:
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Increasing Phase Evolution

¢ Total phase proportional Horizontal Position
to square of number of
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My REU Project

- Analyzing means to further increase ¢

« Building programmable frequency generator
for future setup

« Measuring precision for AT/T



Next Steps to Increase Phase

Better

ertical Diffractio
Add vertical launch (20x Time)
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Planning for a Vertical Geometry
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¢ Begin with vertical
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Making Diffraction Beams

‘fall’ with Gravity

shifts disturb standing
waves

¢ Need to adjust frequencies
atarateof g/ A =17.653
kHz/ms

¢ Use Direct Digital
Synthesizer (DDS) to

produce frequency sweeps
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How to ‘chirp’ beams with a DDS

Upward Beam: f,+g+ 6 ‘

Downward Beam: f; — g — 0 ‘

DDS 1 Profile Mode

"8 modes: 200 MHz + 0 ¢,

L-pass
DDS 4 Gravity Controller
Ramp up: Bloch oscillations
Ramps down: Gravity
200 MHz + g
H-pass

DDS 2 Profile Mode
5 modes: 200 MHz + 6

coarse

DDS 3 Profile Mode
-5 modes: 200 MHz - 6

course

8 course = 0, +5hk, -47hk, +53hk, -95hk, +101hk, -143hk 6 ;.= 6hk* n (0 =[0,7]) 6 =0 ot O g (Through N = 73)



Building a Direct Digital Synthesizer
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Testing the DDS

6 DDS Sweep — DD§ Gzravity Frequency Sweep

compensates for 120 ["Siope = 17.6531515 kHz /ms

gravity with o &A= 1765310) Kie/ms g,

accuracy limited by /
80

knowledge of g /

/ Error Bars = 107 0
0 £
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¢ Timing device used
for testing found to

be stable to within
30 ps
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Analyzing Timing Stability

¢ Discovered for 104.1
ppm systematic error in
timing
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Corrected Timings

¢ Corrected for 104.1 ppm
systematic error in
timing

¢ Compensated for 100 ns
errors at repeatable
timings

¢ Remaining timing jitter
statistical
A T <20 ps possible
after 2500 shots (10hr)
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Conclusions and Next Steps

¢ New DDS setup built and
ready for integration into the Many Thanks To:

: ¢ Dan Gochnauer
cXperimen Ben Plotkin-Swing

Katie McAlpine
Prof. Deep Gupta

¢ Discovered and corrected
systematic timing variations

¢ Vertical setup is promising for ool . REU Program
0.1 ppb level measurements of l\f§ ( Gray Rybka,

|/ Subhadeep Gupta
the fine structure constant __l ~Linda Vilett

Cheryl McDaniel




