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Microwave Components and CellMicrowaves for Qubits on Helium
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Microwave Results and Puzzles

Low Microwave Power

• Stark tuning resonance f12(Ez)

• Linewidth γγγγ(T)

• Temperature dependent resonance f12(T)

High Microwave Power

• Absorption saturation

• Power broadening

• Absorption hysteresis

Electrons on Bulk Helium
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Microwave inter-subband absorption
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Stark Tuning Resonance

Our results

Brown, Grimes,Brown, Grimes,
ZipfelZipfel, 1976, 1976
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Temperature dependent absorption
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Temperature dependent linewidthElectrons on Bulk Helium

E.Collin et al. PRL 89, 245301 (2002)

NB not the absolute linewidth 
Inhomogeneous broadening 

plus a contribution γ(T)

Theory: Ando (1976)

gasBNAT +=γ
Ripplon Gas atom

Scattering

f = 189.6 GHz

γγ(T)
(MHz)(MHz)

Grimes et al. (1976)
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Temperature dependent resonance

∆f12 (T) = f12 (0) − f12 (T)

≈ 800 MHz at 1 K

∆∆∆∆f12 (T) ∝∝∝∝ T5/2 or
∝∝∝∝ T7/3

b

T-dependent 
surface profile and

potential well

2-ripplon effects?

f12 = 189.6 GHz

Low power limit

Electrons on Bulk Helium
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Absorption Saturation + Power Broadening
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Inter-subband transitions

Vertical transitions
Microwave absorption/emission 

1 ↔ 2
Energy relaxation  

τE: N → 2 → 1 ; 1 → 1
(1-ripplon and  2-ripplon)
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Horizontal transitions
Momentum scattering 

τk: N ↔ 2 ↔ 1; 1 ↔ 1
(1-ripplon + gas atom)

Thermal equilibrium
Electron-electron scattering τee

τee << τk << τE

Microwave energy → Very hot electrons → Excited sub-bands 
→ Bleaching + Population saturation

→ Power broadening + Absorption saturation

Electrons on Bulk Helium
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Coulomb Non-linearity
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Electrons on Bulk Helium
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Hysteresis ≡≡≡≡ Complex Lineshape
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Microwave Results and Puzzles

Low Microwave Power

• Stark tuning resonance f12(Ez)

• Linewidth γγγγ(T)

• Temperature dependent resonance f12(T)

High Microwave Power

• Absorption saturation

• Power broadening

• Absorption hysteresis

Electrons on Bulk Helium
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