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Overview

Combine surface acoustic wave (SAW) with hall bar device
Measure interaction between 2DES and SAW by measuring velocity shift and attenuation of SAW
How does QH-state influence SAW?

How does the applied SAW power and current influence velocity shift and Attenuation?
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SAW velocity: vy = f. - A =~ 2900 m s~ 1
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Relaxation Model

SAW-2DES interact through relaxation process. Piezoelectric Field of SAW screened by 2DES electrons. = Attenuation
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Normalised velocity shift: 71 = Av/vg =
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Characteristic conductivity: oa = vo(e) = 4 — 7 x 1077 Q!

2 14 (04s/opm)?

F AW - Velocity shift

Determine velocity shift
experimentally:
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SAW 2DES traveling time: T = 0.4 ps
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Low-Field Measurements
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* Increase in acoustic speed at integer filling
factor predicted by relaxation model.

* 2DES screening capability reduces because
of incompressible QH-liquid
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Measurements
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Qx 172 * Increase in acoustic speed at integer filling
hd ‘ factor predicted by relaxation model.
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Attenuation at filling factor B (T)
Increases, then decreases = Relaxation Model _
. Max at o, = oy K2 oun/ou
Anomalous increase [ =k
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[ increases anomalous while 77 increases monotonically
Low filling factors = state more incompressible =2 reduced SAW-2DES interaction
But I' is very big at those filling factors
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[" also big at compressible states v = 3 while 77 is small
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[ increases anomalous while 7 increases monotonically

Low filling factors = state more incompressible = reduced SAW-2DES interaction
But I' is very big at those filling factors
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[" also big at compressible states v = Y while 77 is small



Possible Explanation

“Emergence of correlated states which are stabilised by strong electron-electron
interactions at low v like Quantum Hall effects, composite fermion Fermi sea, Wigner

crystals, etc.
These states might be effective in damping the piezoelectric field of the SAW by e.g.

electron-electron scattering.
At the same time long range correlation prevents the reduction of the acoustic

velocity”
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Relaxation model only valid for high filling factors
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Behaviour near linear for low ff.
Theoretical model for SAW-2DES missing

“We hope that our clear experimental observations can help
to stimulate future investigations.”

10



EN
o
o

N

[ (dB/cm) R_(Q)

/

— 500

n (ppm

K (MAT)

©o o
7/

o

/
/]

Effects of SAW power and applied current

3/2

4/3

3/5

Apply current between 1 and 2:
0.25 Hz, 400 nA peak to peak, with 200 nA offset

on

Resulting change in velocity shift represented by: k = n,;! - |

Strong QHE >k approaches 0

Fragile QHE 2k becomes negative = current makes 2DES
more efficient in slowing down acoustic wave
Happens at edges of R, plateaus. (arrow)
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SAW Power
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Current
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Current induced change

Increasing current increases 'andp atv = 1

Threshold current of 300 nA for low SAW poweratv =1

Increasing SAW power and increasing current have opposite effects v = 1

But have qualitatively the same outcome at 5.7 T
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Conclusion

4. CONCLUSION

Our systematic study shows that the conventional re-
laxation model is insufficient in describing the SAW-
2DES interaction at very low SAW power and when
2DES forms strongly correlated states. We present as
much experimental evidence as possible, and hope a com-
prehensive theoretical models can be proposed in the fu-
ture.
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Summary

SAW-2DES interaction: Demonstrate SAW as a non-invasive and sensitive probe for quantum states in a 2DES

Attenuation and Velocity shift: measure the Attenuation and velocity shift to show changes in compressibility of
the 2DES and get better visible data than for the resistance measurement

Interaction energy determination: extract interaction energy from velocity shift fit: A = 0.9 K; A, = 14 K
Relaxation Model: For high filling factors, the data agrees with the relaxation model
Anomalous behaviour: For low filling factors, the data behaves very differently = relaxation model not applicable

SAW power and applied current: Effect of different SAW power and different strengths of applied current on the
Attenuation and velocity shift were investigated.

Low SAW power: The described effects are only visible with sufficiently low SAW Power.
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