
Topological Quantum Computing: 
Progress & Opportunities

Jason Alicea 



Feynman 1982: quantum 
computing visionary



~$300

Feynman 1982: quantum 
computing visionary



N/A

Feynman 1982: quantum 
computing visionary

~$300



Quantum information tends to be fragile

Yacoby group

|00i+ |11i



Yacoby group

|00i+ |11i
|00i+ ei↵|11i

random 
phase

Quantum information tends to be fragile



Yacoby group

|00i+ |11i
|00i+ ei↵|11i

|00irandom 
phase

Quantum information tends to be fragile



A (three) million dollar idea

Kitaev 1997: topological 
quantum computing pioneer 

Encode & process qubits w/ 
(non-Abelian) anyons—
hardware immune to 
environmental noise!



A (three) million dollar idea

2012 Fundamental 
physics prize recipient!

Kitaev 1997: topological 
quantum computing pioneer 

Encode & process qubits w/ 
(non-Abelian) anyons—
hardware immune to 
environmental noise!



Anyons



Anyons



Anyons



Anyons



Anyons
1. Exponentially many quantum states w/
same energy

⇠ 2
# anyons

2



Anyons
1. Exponentially many quantum states w/
same energy

Qubits |000i, |001i, . . .

⇠ 2
# anyons

2



Anyons
1. Exponentially many quantum states w/
same energy

2. “Braiding” transforms qubits

Qubits |000i, |001i, . . .

⇠ 2
# anyons

2



Anyons
1. Exponentially many quantum states w/
same energy

2. “Braiding” transforms qubits

Qubits |000i, |001i, . . .

⇠ 2
# anyons

2



Anyons
1. Exponentially many quantum states w/
same energy

2. “Braiding” transforms qubits

Qubits |000i, |001i, . . .

⇠ 2
# anyons

2



Anyons
1. Exponentially many quantum states w/
same energy

2. “Braiding” transforms qubits

Qubits |000i, |001i, . . .

⇠ 2
# anyons

2



Anyons
1. Exponentially many quantum states w/
same energy

2. “Braiding” transforms qubits

Qubits |000i, |001i, . . .

|000i ! U |000iQuantum 
gates

⇠ 2
# anyons

2



Anyons
1. Exponentially many quantum states w/
same energy

2. “Braiding” transforms qubits

Qubits |000i, |001i, . . .

3. Interesting “fusion” properties

|000i ! U |000iQuantum 
gates

⇠ 2
# anyons

2



Anyons
1. Exponentially many quantum states w/
same energy

2. “Braiding” transforms qubits

Qubits |000i, |001i, . . .

3. Interesting “fusion” properties

|000i ! U |000iQuantum 
gates

⇠ 2
# anyons

2



Anyons
1. Exponentially many quantum states w/
same energy

2. “Braiding” transforms qubits

Qubits |000i, |001i, . . .

3. Interesting “fusion” properties

|000i ! U |000iQuantum 
gates

⇠ 2
# anyons

2



Anyons
1. Exponentially many quantum states w/
same energy

2. “Braiding” transforms qubits

Qubits |000i, |001i, . . .

3. Interesting “fusion” properties

|000i ! U |000iQuantum 
gates

Readout

⇠ 2
# anyons

2



Billion $ question:
How do you build the 

hardware?
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Anyons

“Majorana modes” ~ half an electron state



Marcus group
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Materials science breakthrough…



Nadj-Perge, Bernevig, Yazdani, et al.

Superconductor

Iron atoms
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Characterization

Control

Aasen, Hell, Mishmash, Higginbotham, Danon, Leijnse, 
Jespersen, Folk, Marcus, Flensberg, JA, arXiv:1511.05153
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Love the anyon

Topological

Verifying basic tenets of 
topological quantum 
computing…

…AND demonstrating new 
fundamental aspects of 

quantum mechanics

On horizon (?):


