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Determination of Fine Structure Constant from Photon 
Recoil Frequency
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Rydberg Constant

Electron mass 

Determined by the 
photon recoil frequency 
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ehcR m c α Rydberg constant in terms of energy

Harvard-08 : 3.7x10-10 PRL 100, 120801 (2008)

LKB-11 : 6.6x10-10 PRL 106, 080801 (2011)
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Ramsey Interferometer



Ramsey-Bordé Interferometer

Ch.J. Bordé, et al.Phys. Rev. A, 30 (1984), p.1836

• Designed to improve 

microwave clock 

• Significant photon recoil 

shift  ~mm/s

• Two additional pulses to 

close the interferometer
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Stimulated Raman Transition
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D. S. Weiss, et al. Phys. Rev. Lett. 70, 2706 (1993)
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Large Momentum Transfer
Multi-Photon Bragg Diffraction 

• Sensitivity 
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external field insensitive



Simultaneous Conjugate Interferometer

beamsplitter 3 3 4 4( ) ( )         

Common Mode Rejection
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Atomic Fountain
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Experimental Setup

1.5 m

• 3D magneto-optical trap

• Molasses cooling

• Adiabatic cooling

• Launch

• Raman sideband cooling

• Adiabatic microwave transfer 

• F= 3, m=0 state selection 

• Velocity selection

• Interferometer sequence

• Florescence detection

3 m

S.-Y. Lan et al. Phys. Rev. Lett. 108, 090402 (2012), S.-Y. Lan et al., Science 339, 554 (2013).



Diffraction phase shift 

𝜔𝑚 = 𝜔𝑟 +
𝜑𝑜
𝑇



Cross coupling



Bloch Oscillation

Φ = 16𝑛(𝑛 + 𝑁)𝜔𝑟𝑇



Simulation of diffraction phase

B. Estey et al., arxiv:1410.8486



B. Estey et al., arxiv:1410.8486

Suppression of diffraction phase



Long data

0.33 ppb/sqrt(6hr)



More Systematic Effects

• Laser frequency                     351,730,902,093(10) kHz
• Gravity gradient                                 -2.954(85) ppb
• Guoy phase                                         -1.902(46) ppb
• Wavefront curvature                          0.111(55) ppb
• Beam alignment                                -0.085(49) ppb
• Zeeman effect                                    -0.051(14) ppb
• Mean Field Shift
• Value Different Bragg order
• Atom temperature effect
• Detection method 
•

•

•
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