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Electrical Conductance Reveals
Complex Fractals
Researchers find that a phenomenon calledmultifractality manifests in
the conductance fluctuations of a 2D electron gas as the gas undergoes a
topological phase transition.

By RyanWilkinson

F ractals are geometric patterns that repeat themselves
across different length scales. Such patterns are
ubiquitous, appearing in the outlines of snowflakes, in

swirls of turbulent fluids, and in graphs tracing the highs and
lows of financial markets. Now Aveek Bid and his colleagues at
the Indian Institute of Science in Bangalore show that fractals
can also emerge in the electrical-conductance fluctuations of a
2D electron gas in graphene as the electron gas transitions
between two topological phases [1]. The results confirm
predictions made earlier this year [2].

Subject a 2D electron gas to a strong perpendicular magnetic
field, and its Hall conductance—the conductance perpendicular
to an induced current—takes on certain discrete values. But
during a transition from one discrete value to another, this
conductance can exhibit fluctuations. Bid and his colleagues
measured these fluctuations in the 2D electron gases of two
graphene-based devices. Using detailed data analysis, they
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determined that the conductance fluctuations contained
patterns that could be accurately described by a multifractal—a
fractal that scales spatially in several different ways.

Bid and his colleagues observed that this multifractality rapidly
disappeared as the Hall conductance approached one of its
discrete values. They also found they could suppress its
appearance by raising the system’s temperature above a
threshold value. The researchers think that similar
multifractality of conductance fluctuations should be present in
other devices and topological phase transitions. They say that
their experimental approach could be used to probe phase
transitions in materials such as superconductors and
topological insulators.

Ryan Wilkinson is a Corresponding Editor for Physics Magazine
based in Durham, UK.

REFERENCES
1. K. R. Amin et al., “Multifractal conductance fluctuations in

high-mobility graphene in the integer quantum Hall regime,”
Phys. Rev. Lett. 129, 186802 (2022).

2. A. L.  R. Barbosa et al., “Turbulence hierarchy and multifractality
in the integer quantum Hall transition,” Phys. Rev. Lett. 128,
236803 (2022).

physics.aps.org | © 2022 American Physical Society | October 26, 2022 | Physics 15, s143 | DOI: 10.1103/Physics.15.s143 Page 1

https://physics.aps.org/
https://doi.org/10.1103/PhysRevLett.129.186802
https://doi.org/10.1103/PhysRevLett.129.186802
https://doi.org/10.1103/PhysRevLett.129.186802
https://doi.org/10.1103/PhysRevLett.128.236803
https://doi.org/10.1103/PhysRevLett.128.236803
https://doi.org/10.1103/PhysRevLett.128.236803
https://doi.org/10.1103/PhysRevLett.128.236803

