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A similarity between molecular magnets and 2D electrons gnete field.
Both systems have discrete energy spectrum, demonstrate LAsaaiu

transitions between levels and can be heated.

Molecular magnet 2D electrons in magnetic field,
T Landau Levels
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a) Why does the warming of 2D electrons in
crossed electric and quantized magnetic

“'Magnetic flames' in molecular magnets exhibit . -4
fields change the 2D conductivity

properties akin to fire. In a groundbreaking

experiment, researchers from The City College of b) What is distribution function of the

New York (CCNY) and Lehman College have overheated electrons?

measured the speed of magnetic avalanches and .
discovered that the process is analogous to the flame ¢) Can one use a temperature to describe the
front of a flammable substance. The discovery of a warming?

"magnetic flame" could make it easier for engineers _, d)Canthe warming help engineers?

to study the dynamics of fire."
(http://www.physorg.com/news5967.html)



Experimental setup

50mmx250mm Hall bar

DC excitation

+ + v measure
|
measure DC .

Sample N1:m#0.93x10°cm?/Vs; nl ~1.2x101% m-2
Sample N2:m#0.82x10°cm?/Vs; n2 ,~0.85x101% m-2




Nonlinear transport in DC electric field

Strongly nonlinear behavior of 2D electrons is found in response
to crossedlic electric field E and magnetic field B

Dependence of differential
resistance r on DC bias in

XX

magnetic field as labeled.
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The nonlinearity is so strong that the 2D electron system
forms a state with zero differential resistance (ZDR)
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The nonlinearity of the 2D electrons depends
considerably on temperature







Spectrum of the guantum oscillations



Due to impurity scattering electron

moves randomly in magnetic field _
with diffusion coefficient:

D=v /(2 wat ).

In view of conservation of the total
energye= e (t)+(eEy)x(t) in DC
electric field K the spatial
diffusion is translated into diffusion
in e-space, with a diffusion
coefficient (ef. )?D:

Tt np ve Te £,

ﬂf _ Edcsdc ﬂ n2(e)ﬁ — f- fO

whereu, is density of states DOS at B=0T améb relative
variations of the DOS due to Landau quantizatignis inelastic

relaxation time.

Dmitriev etal, PRB 2005
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The spectral diffusion is
strong inside Landau levels
and weak between them.

At a quasi stationary state the
spectral flow is constant at an
energy, making the gradient o
the distribution function to be

small inside the Landau levels.

A weak inelastic scattering
does not change considerably,
the picture, because the rate (
the spectral diffusion is
determined by much faster
elastic impurity scattering.
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Small magnetic fields: overlapping levels




Strong magnetic fields: separated levels. Moderate



Strong magnetic fields: separated levels. Low T



Temperature dependence of the inelastic rate. High B.



Warming in discrete spectrum

Strong “local” overheating:
/ T=32K



Summary

« Strong nonlinearity of longitudinal resistance2df electrons is observed
In quantized magnetic fields. The nonlinear respa@not be explained
by an increase of electron temperature due toehériy.

* In broad range of temperatures and the magnetitsfigood agreement is
found between the experiment and theory consid¢haegonlinearity as
result of non-uniform spectral diffusion of the @lens.

 DC warming of the 2D electrons in quantized maigrfetlds creates
significant deviations of the electron distributifmmction from the Fermi-
Dirac form resulting in the strong decrease of gsstance.

Happy Birthday, Eugene!




Strong magnetic fields: separated levels. High T



Small magnetic fields: overlapping levels

» The distribution function is
relaxed by the electron -
electron scattering in
agreement with the theory




Step#1. Using (1) and (2), we have obtained quantum scattering,tbye
comparison with experiment at zetobias

Step#2. Using (2) and (3) we have calculated numericallgligtiebution function
at differentdc biases.

Step#3. Substituting the solution for the distribution function ifithi¢ of t>>t,
in eq.(1) we have calculated numerically the conductivitifégrentdc biases.

Step#4. From comparison with experiment we have obtained the inelast
scattering time, .




Q:Can we measure the numipér
A: Unlikely




