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The Tenfold Way

Thanks to Adhip A. and Arijit H.

“Classification” of fermionic systems
I What are all the distinct types of ground states for fermionic

systems?...hard problem...
I Manageable...gapped ground states for non-interacting systems...
I With interactions...open question!
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What are we after?

(Ludwig:1512:08882)

Goal: An (a qualitative)
understanding how such
tables arise, what the
entries mean!

Prerequisites: Second
quantization (essential),
some basic knowledge of
homotopy (math),
quantum field theory
(physics) may be useful...

Disclaimer: Speaker is
not an expert...
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Summary of Different Types of Symmetries

Transposing

Symmetry Operations

Linear(UL)

Usual

Antilinear(UA) Linear(TL) Antilinear(TA)

ORDINARY NON-ORDINARY
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Symmetry-Type Multiplication Table

GV/GUL
V = K4
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Ten Symmetry Classes

AI
(+1, 0, 0)

AII
(−1, 0, 0)

D
( 0,+1, 0)

C
( 0,−1, 0)

BDI
(+1,+1. 1)

CI
(+1,−1, 1)

DIII
(−1,+1, 1)

CII
(−1,−1, 1)

A
( 0, 0, 0)

AIII
( 0, 0, 1)
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Canonical Representations of Symmetry Operations

7 / 11



K4 Multiplier Table

8 / 11



Tenfold Way: Noninteracting Hamiltonians
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Tenfold Way: N-Body Hamiltonians (N even)

(Agarwala, Haldar, et al., 1606.05483)
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