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We consider nonequilibrium time evolution in quantum spin chains after a global quench. We
show that global symmetries can invalidate the standard picture of local relaxation to a (generalised)
Gibbs ensemble and provide a solution to the problem. We introduce in particular a family of
statistical ensembles, which we dub “semilocal (generalised) Gibbs ensembles”. The issue arises
when the Hamiltonian possesses conservation laws that are not (pseudo)local but act as such in
the symmetry-restricted space where time evolution occurs. Because of them, the stationary state
emerging at infinite time can exhibit exceptional features. We focus on a specific example with
a spin-flip symmetry, which is the commonest global symmetry encountered in spin-1/2 chains.
Among the exceptional properties, we find that, at late times, the excess of entropy of a spin block
triggered by a local perturbation in the initial state grows logarithmically with the subsystem’s
length. We establish a connection with symmetry-protected topological order in equilibrium at zero
temperature and study the melting of the order induced either by a (symmetry-breaking) rotation
of the initial state or by an increase of the temperature.
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Local relaxation in isolated quantum many-body systems

° Statlonary expectation values of local observables are accessible
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Local relaxation in isolated quantum many-body systems
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Local relaxation in isolated quantum many-body systems
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* Typically we assume also clustering of the (initial) state:
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= “locality” of the theory!
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* Intuition: “local” observables — “local” operators
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* Intuition: “local” observables — “local” operators
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Beyond locality
Consider a Z,-symmetric system
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Beyond locality

Consider a Z,-symmetric system
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Semilocal charges

Example: &*-symmetric integrable Hamiltonian and “local” GGE
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Semilocal charges

* Example: &*-symmetric integrable Hamiltonian and “local” GGE
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* Example: &*-symmetric integrable Hamiltonian and “local” GGE
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Semilocal charges

* Example of a semilocal charge:
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Clustering & hidden symmetry breaking
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Clustering & hidden symmetry breaking
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hidden symmetry breaking

Hidden symmetry breaking enables:

1. Nonzero semilocal operators =|string order

2. Clustering = relaxation to a canonical GGE

Else et al. 13, Kennedy & Tasaki 92
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Symmetry-protected topological order

* Landau phases of matter (standard)
|(_...(_> |_)..._)>
local operator o suffices to determine the symmetry-broken GS of a ferromagnet

* symmetry protected topological order

we can play with semilocal theory

v = eV yp), PAW] =W

W translationally invariant local

knowledge of H and its symmetries is required to determine the phase

A. string order /_\, information from the edge of the system

@- edge- —odes ) is carried by the strings extending to oo >(ar><iv:2205.02221)
C. topological entanglement entropy

J

Wen et al. 12, Pollmann et al. 12, Fendley et al. 16, Kitaev 06 & many others



Message & outlook

1.  Nonlocal objects can be relevant for a complete picture of local relaxation

2. Symmetry protected order: new representations of local observables
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A. Relevance of semilocal charges in inhomogeneous states:
(—) we break transl. invariance
(4+) string order can still be present (II*(x)IT*(y)) # 0 (scaling!)

Fagotti 22

B. Can we obtain semilocal charges from the transfer matrix?
Gombor & Pozsgay 21

C. Edge modes — solving the finite-L. open boundary chain
Fendley et al. 16/17

D. Interacting models with Z,-breaking charges

Prosen 14, Pasquier et al. 14
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