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Solution by free electron quantum optics
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• Δ𝑘 = 𝑘 𝐸f + ℏ𝜔 − 𝑘 𝐸f − 𝑞 𝜔

Our goal: Δ𝑘 ∝ 𝐸f − 𝐸0 − ℏ𝜔0
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Limitation: photonic losses
Losses introduce saturation

• Losses limit the cooling ratio
• Saturation in the final width:

𝛥𝐸sat =
2𝐸0𝛼𝓁
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Our protocol: Optical monochromator mechanism
higher\lower energy electrons should emit blue\red shifted photons
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:Limitations of classical monochromators
The resolution vs. flux trade-off

Monochromator filters electrons by energy
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Dispersion engineering and design requirements
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The electron beam introduces:
• Limited flux of electrons
• Initial electron energy uncertainty or Energy spread
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Microscopy (imaging)
Energy spread causes chromatic 

aberrations

Spectroscopy (EELS)
Broad energy spread limit spectral 
resolution and hide weak features

The problem: Electron beam energy spread

Conclusions:
1. Free electrons can be cooled by spontanouse emission, an

all-optical analogue of atomic Doppler cooling.
2. No inherent electron flux – resolution trade-off.
3. Cooling is set by the interaction length of the dispersion

engineered waveguide, and is limited by photonic losses.
4. The photons inherit the electrons initial energy uncertainty.
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