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Topological phases and their topological features are enriched by the fundamental time-
reversal, particle-hole, and chiral as well as crystalline symmetries. While one-dimensional
(1D) generalized Su-Schrieffer-Heeger (SSH) systems show various topological phenomena
such as topological solitons and fractional fermion charges[1,2], it remains unclear how such
symmetry protects and relates such topological phenomena.

Here we show that the generalized time-reversal, particle-hole, and chiral symmetry
operators consistently explain not only the symmetry transformation properties between the
ground states but also the topological features of the topological solitons in prototypical
quasi-1D systems such as the SSH, Rice-Mele, and double-chain models.[3] Furthermore, we
demonstrate that each chiral soliton is re-fractionalized into two subsolitons, which we will
refer to as “2nd fractionalization.” [4].
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