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Driving a Quantum System with an Electromagnetic Wave

coherent EM source

e.g. MW, RF

QS

quantum system
λ0=

2πc
ω0

ground state
|g⟩

excited state |e⟩

∆E = h̄ω0

▶ Spatial resolution is diffraction limited ≈ λ0
2 ⇒ mm − km

▶ EM wave is dipole radiation
⇒ Idea: use modulated electron-beam instead
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Electromagnetic Wave vs Modulated Electron Beam
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Electromagnetic Wave vs Modulated Electron Beam
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Klystron

e– beam source

input

buncher cavity

amplified
output

catcher cavity
l

beam dump

bunching of e–

▶ Technology to amplify RF or MW
▶ Accelerating of e– in buncher cavity
▶ Bunches of e– formed in drift space l couple coherently to

catcher cavity
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Quantum Klystron

e– beam source

input

buncher cavity

beam dump

bunching of e–

λdBth ≈ 2 nm ≪ 2πc
ω0

ground state
|g⟩

excited state |e⟩
∆E = h̄ω0

quantum system

QS r

▶ Coherent coupling of non-radiative near-field of e– to QS12

▶ negligible back action on beam δP ≪ ∆p
1Rätzel, D. et al., Physical Review Research, 2021.
2Gover, A. et al., Physical Review Letters, 2020.
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Spatially Modulated Electron Beam
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Spatially Modulated Electron Beam
⇒ Cathode Ray Tube (CRT) from
analogue oscilloscope
▶ Beam current ∽ 100 µA
▶ Beam focus ∽ 100 µm
▶ Established technology of electron

microscopes
heater

cathode e–Wehnelt cylinder
2 kVanode

electro static lens

aperture
z deflection plate

y deflection platey

z
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Hyperfinetransition of 39K Ground State

42S1/2

F = 1

F = 2

∆E = h̄ω0 ≈ 461.7 MHz
e– source

deflection
plates

Be

e-beam

ω0
ω0
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39K Ground-State Experiment Status

3D MOT

e– beam in vaccum chamber
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Electron Spin Resonance

pickup coil
for lock-in amplifier B⃗0

e– source
deflection
plates

ω0Be

e-beam

ω0

∆E = h̄ω0

Zeeman splitting of
free e– spins

B0

ms = − 1
2

ms = + 1
2

bias field

energy

BDPA (α, γ-Bisdiphenylen-β-phenylallyl)
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Electron Spin Resonance Experiment Status

e– beam in vaccum chamber

pickup coil with sample
e– gunSAMOP 2023 12 / 15



Preliminary Measurements
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Summary and Outlook

▶ Novel technique to coherently drive
quantum transitions beyond diffraction
limit

▶ Spatial or temporal e– -beam modulation
▶ Two prove of principle setups
▶ Preliminary measurement of the near-field

of an electron beam

e– source

|g⟩
|e⟩

∆E

r
▶ Cool spin sample
▶ Drive 39K ground-state
▶ Paint potentials
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RF-Setup



Detailed Experiment Setup

pick up coil
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