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• Fine Structure Constant • From the hydrogen atom model:

• with relative uncertainty 
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Recoil Velocity

We are using the atom interferometer to measure this recoil velocity.

Accurate determination of the fine structure constant for testing the Standard model
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Coherent Acceleration : Bloch oscillation
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1000 photon momemtum (6 m/s) in 6 ms

§ High momentum transfer efficiency: 99.95% per recoil

§ Precise control of the velocity and the position of the
atoms

𝒗 + 𝜷𝒕 𝒗 − 𝜷𝒕

𝑝$ → 𝑝$ + 2ℏ𝑘
𝑝$ → 𝑝$ + 2𝑵𝒃𝒍𝒐𝒄𝒉ℏ𝑘



Atom interferometry
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§ Atomic beam splitter

4

§ Contra-propagation laser beams: velocity sensitive Raman 
transitions
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§ Stimulated Raman transition



Ramsey-Bordé atom Interferometer
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Quantum velocity sensor based on atom interferometry
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Atomic phase in the upper branch
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Atomic phase in the lower branch
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��at = �up��L = T⇥k⇥�v, where �v = Nvr �! measure of the recoil velociy.
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Sensitivity: �z = 250 µm �! 3 µm · s�1 · rad�1
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Quantum velocity sensor based on atom interferometry
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Experiment

𝑇/ = 20ms, 𝑁012345= 1000
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0.047𝐻z ~ 20𝑛𝑚/𝑠 → 3 / 10'(𝑜𝑛 )
*

• 𝑇 = 4𝜇𝐾
• 𝑟 ≈ 600𝜇𝑚
• 𝑁 ≈ 106



Results
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Error buget
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Quantum Electro-dynamics Standard Model
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Electron magnetic moment anomaly

𝑎! =
𝑔! − 2
2

𝒂𝒆,𝒆𝒙𝒑 = 𝟎. 𝟎𝟎𝟏𝟏𝟓𝟗𝟔𝟓𝟐𝟏𝟖𝟎𝟕𝟑(𝟐𝟖)



Conclusions
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§ New determination of the fine-structure constant 
with a relative uncertainty of 8.1×10'++

§ The large discrepancy (5.4 𝜎 ) with the caesium 
recoil measurement needs to be clarified

• BEC
• Mean-Field

§ Three new systematic effects

Prospects
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