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H = −
∑

j(gσ
x
j + σz

j σ
z
j+1) (interacting wrt “physical spins”)

The same analysis goes through for a time-dependent g(t)
(useful for Floquet problems with g(t + T ) = g(t))
Hk = 2(g(t)− cos(k))τ z

k + 2 sin(k)τ x
k

i d
dt |ψk 〉 = Hk (t)|ψk 〉
|ψk 〉 = uk (t)| ↑〉k + vk (t)| ↓〉k
|ψ(t)〉 = ⊗k>0|ψk (t)〉
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Floquet version of S = 1/2 TFIM

Let g(t) = g(t + T ). Energy is no longer conserved
However, again there are an extensive number of new
conserved quantities if we look at stroboscopic times
(e.g., t = 0,T ,2T , · · · ,nT , · · · )
|ψ(nT )〉 = U(T )n|ψ(0)〉 gives a steady state for local
operators when n→∞
Dynamics of pseudospins through a time-dependent
magnetic field (sin(k),0,g(t)− cos(k)) now
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Uk (T ) = exp(−iHk (g2)T/2) exp(−iHk (g1)T/2) =
exp(−i(n̂k · ~τ)T |εFk |)
Thus, GGE replaced by periodic-GGE in this case where
the static magnetic field at each k for a constant g
replaced by an “effective” field T |εFk |n̂k at each k .
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Many-body quantum scars

Anomalous high-energy eigenstates embedded in an
otherwise ETH-respecting spectrum
While most initial states thermalize, some simple initial
states may show very anomalous dynamics
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Experimental realization of weak ergodicity breaking

Bernien et al., Nature 551, 579 (2017) realized programmable
quantum spin model with tunable interactions ∼ 51 qubits.
Certain initial conditions took much longer to relax

Persistant oscillations in |1010 · · · 〉 → |0101 · · · 〉 → |1010 · · · 〉
while |0000 · · · 〉 rapidly thermalized
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Quantum scars

Classical circular billiard→ integrable
Classical stadium billiard→ chaotic
However, unstable periodic orbits still exist (classical scars)
Quantum version also has certain eigenfunctions with
anomalous enhancement along unstable orbits Heller (1984)

Many-body versions??
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Mott insulators in strong electric fields, Sachdev, Sengupta, Girvin (2002)

L spin-1/2 on a 1D lattice with a constrained Hilbert space, not all 2L

configurations allowed
· · · ↓↓ · · · , · · · ↑↓ · · · , · · · ↓↑ · · · , · · · ↑↑· · ·

HSD for L sites equals FL−1 + FL+1 where F1 = F2 = 1 and Fn + Fn+1 = Fn+2;
HSD = ϕL for L� 1 where ϕ =

√
5+1
2

HPXP = −w
∑

i P↓i−1σ
x
i P↓i+1 · · · ↓↑↓ · · · ⇔ · · · ↓↓↓ · · ·

P(s) = π
2 se−

π
4 s2

(Wigner-Dyson), P(s) = e−s (Poisson)
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Turner et al., Nat. Phys. 14, 745 (2018), PRB 98, 155134 (2018)

Subspace spanned by O(L) special eigenstates. High
overlap with Néel state of alternating ↑ and ↓
Approximately equally spaced eigenvalues
These eigenstates are highly atypical
(half-chain entanglement entropy S ∼ ln L instead of S ∼ L)

Reminds one of a “giant” SU(2) spin “protected” in the
Hilbert space
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Forward scattering approximation in PXP
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Fig from Bull, Desaules and Papić, arXiv:2001.08232

Similar approach of introducing small perturbations greatly
enhance revivals from |Z3〉 and |Z4〉 as well
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