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Electrons on liquid helium  
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Phase diagram 

Temperature (K) 

D
en

si
ty

 (c
m

-2
) 

Fermi liquid 

Wigner solid 

Coulomb liquid 

0.01 0.1 1 10 

106 

108 

1010 

1012 

*

2

2
04

m
n

neV
E

r s

sC

f
p

π
π

πεε 
==

Tk
ne

E
V

B

s

th

C
p

0

2

4πεε
π

==Γ

Quantum fluctuations 

Thermal fluctuations 

ε=1 

ns< 2x109 cm-2 2DEG in 
semiconductors 

ε≈10, m*≈0.1me 

ns> 5x1010 cm-2 

m*=me 



MIRO and ZRS 
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Time-resolved measurements 
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Mechanism of oscillations in EonHe  
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Mechanism of oscillations in EonHe  
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Coulomb effects 
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Zero-resistance states 
 

There exists (some) mechanism 
leading to absolute negative σxx  
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Instability and formation of current domains 
Andreev, Aleiner, Millis, PRL 2003  

Other explanations are proposed, e.g. Entin and Magarill:  arXiv: 1504.03422  

ZRS in electrons on helium have interesting properties 

● self-organized oscillations (previous talk) 

● incompressibility (next talk) 



CR in electrons on helium 

Brown, Grimes 1972 
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Experiment I 
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Irreversable loss of electrons 

at high MW power 

Badrutdinov , Abdurakhimov, DK, PRB 90, 075305  (2014) 
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Experiment II 
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Time-resolved response 



Analysis 
Badrutdinov , Abdurakhimov, DK, PRB 90, 075305  (2014) 



Effective electron temperature 



Effective electron temperature 
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 cold electrons
 Te=3000 K
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∆Q/e=5x105

Simultaneous solution of Poisson and Boltzmann equation gives estimate 
of 3,000 K for electron temperature 



Possible scenarios 

Breakdown of the effective electron temperature approximation? 

Yu. Monarkha, PRB(R) 2015 

Predicts negative σxx and instability 

on the low-field side of CR 
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Possible scenarios 

Magarill and Entin, arXive:1504.03422 
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20 GHz 

Would expect radial photocurrent  

in our geometry 



Summary 

• In principle, our observation is consistent with 
formation of a quasy-3D electron system 
speculated earlier. 

• However, it is difficult to understand why different 
motional degrees of freedom do not thermalize.  

• Other theoretical proposals might be relevant but 
    require examination 



MW absorption measurements 
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Absorption and electron heating 
 

Energy balance equation: 

Absorption = νE •(Te-T) 

Heating of electrons: 
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DK and Kono J. Phys. Soc. Jpn. 2013 



Subband population 
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2D system below 1 K 
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exp(-E/Te) 

Quasy-3D hot electron system 

helium
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