


Quanta of the Third Kind: 
Anyons



Physicists have long classified particles into two types, 
bosons and fermions. 


Bosons and fermions exhibit very different behavior, when 
you bring several of them together.





Basically, bosons “want to do the same thing”, while 
fermions “refuse to do the same thing”.


This property, called quantum statistics, has many striking 
consequences.



Electrons, neutrons, and protons are fermions:



The shell structure of atoms and nuclei is a gift from Fermi statistics!



White dwarf: gravity balanced by 
quantum statistics (electrons)

Neutron star: gravity balanced by 
quantum statistics (neutrons)

A giant atom

A giant nucleus

More gifts!



Photons are bosons:





Anyons



For many years, physicists believed that bosons and 
fermions were the only possible kinds of particles.


But in the late 1970s and early 1980s some of us realized 
that if we lived in “Flatland” - a world with only two 
dimensions of space - there would be many other 
possibilities.  


In 1982, I named the new kinds of particles anyons. 



Anyons have a kind of memory.


They (or, more precisely, their wave function) keep track of 
how many times, and in what patterns, they’ve wound 
around one another.


The world-lines of two dimensional particles form braids in 
three dimensions. 



The world-lines of two dimensional particles form braids in 
three dimensions. 





Braids can be very complicated! 


This means that systems of anyons can “remember” a lot, 
by getting tangled up.


They also process lots of information at once, simply by 
moving around.



Of course, we don’t live in a two-dimensional world. 


But we can create such worlds, and visit them!  


- and use them!



Modern Processor



In 1984, I predicted that the stable concentrations of energy 
- the “quasiparticles” - within a known state of 2D matter, 
the so-called fractional quantum Hall effect, would be a 
specific kind of anyon.  





At the time, I thought this prediction would be verified in a 
matter of months.


Instead, it took almost forty years.



Finally, in April 2020, came good news: 







In this experiment, people observed behavior in between the “no” of 
fermions and the “go” of bosons. 



In June, there was even better news:







Merged currents are sensitive to the number of anyons their paths enclose.

When the number of anyons inside jumps, then the  current jumps.



Earlier, beautiful experiments in China had already 
demonstrated the fundamental anyon “braiding” behavior in 
an engineered system:



PRL 117.110501 (2016)



Mutual Statistics



These demonstration experiments are aimed at building up 
resilient quantum information storage (qubits), using a “toric 
code”.



Prospect and Conclusion
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Many other interesting states of matter and engineered 
systems are predicted to contain various kinds of anyons.


Theory got way ahead of experiment, but now experiment is 
catching up!


Physicists will be exploring these anyonic worlds for years 
to come.



Braids are Beautiful





Quantum Sensing and 
Time Crystals



Time crystals are materials that exhibit spontaneous 
breaking of time translation symmetry.


There are more and less constraining definitions in use, that 
have more or fewer consequences,  but apply to fewer or 
more examples.



There is a very general connection between spontaneous 
symmetry breaking and sensitivity to certain kinds of 
perturbations (basically, those that restore the symmetry!).


Superfluidity, superconductivity, phonons, spin waves, 
pions, … (“Nambu-Goldstone bosons”).



For time crystals, the appropriate perturbations are AC.


For example in Josephson junctions, we have Shapiro steps 
to detect microwave radiation.


There is interesting work to be done here.



Quantum Sensing and 
Quantum Computers



Quantum computers are exquisitely sensitive to 
decoherence.


For most purposes that is a bug, but for fundamental 
physics it raises an interesting opportunity to probe -


          - Is it a fundamental bug?


Are there irreducible sources of decoherence in the 
universe?



Baby universes?


Slow approach to  vacuum?θ
















