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3)  Zero temperature    No thermal fluctuations↔
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T

hx1T = 0

Quantum Phase Transition  2D Classical Thermal∼

Ferromagnetic Paramagnetic

Pauli Operators
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Domain-wall excitations:

−M M
M = (1 − hx)1/8

Δ = 2(1 − hx)Energy cost / Mass gap:

V(M)

M

|hx | < 1 ⇒ H = ∑
k

εkη†
k ηk + const Free Fermion mapping (Jordan-Wigner) + Bogoliubov + Fourier
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−hzσz
iH = − ∑

i

σz
i σz

i+1 − hxσx
i

The longitudinal field  lifts the degeneracyhz Distinctive effects in the dynamics
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The Quench Protocol

1 - Prepare ground state  of .|ψ0⟩ H0 = H(g0)

3 - At  evolve with the new Hamiltonian t > 0 |ψ(t)⟩ = exp(−iH1t) |ψ0⟩

g = (hx, hz)

2 - At  suddenly change parameters .     t = 0 g0 → g H1 = H(g)
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Quench Spectroscopy

n

En = 2Δ + 2Mhz n

“Meson”

Effective two-body model:

Heff = εk1
+ εk2

+ 2Mhz n

⟨σz⟩

|σz(ω) |2



Connected Correlations
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hz = 0 hz = 0.025 hz = 0.05
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Quasi-particle Picture

t

x

  acts as a source of excitations|Ψ0⟩

vk =
dε
dk

vmax ≥ vk ∀k

2vmaxt

Lieb-Robinson bound

And ⇒
All correlators vanishing for


d > 2vmaxt

hz = 0 hz = 0.025 hz = 0.05

Calabrese, Cardy PRL 2006 



hz = 0 hz = 0.025 hz = 0.05
Secondary light cone

Absence for hx > 1
hz = 0.1 hz = 0.2 hz = 0.4



Experiments

IBM Quantum computerTrapped Ions

W.L. Tan et al Nature Physics 2021 W.L. Tan et al Nature Physics 2021 
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Decay by quantum fluctuations

|⟨FV |U(t) |FV⟩ |2 ≈ exp (−L γ t)

Unitary time evolution
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γ ≈ exp (−cℓ̃) ≈ exp (−c′ /hz)

Rutkevich 1999 PRBhzM ≪ Δ

False Vacuum Critical Bubble
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1 - Prepare   :  Ground state of |ψ↓⟩ = ⊗i | ↓ ⟩i H(hx = 0,hz = 0)

2 - Approach ground state of  : 


       

H(0 < hx < 1, − hz)

|0⟩ = exp [−τH(hx, − hz)] |ψ↓⟩

3 - Switch -  to  and evolve with  : hz +hz exp [−i H(hx, + hz) t]

The Quench Protocol
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G(t) = 1 − | |ρ(t) − ρ(0) | |1
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AFe−γFtAGe−γGt

F(t) =
⟨σz(t)⟩ + ⟨σz(0)⟩

2⟨σz(0)⟩

Rescaled Magnetisation
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Comparison with theoretical prediction

kFe−qFt kGe−qGt

Exponential coefficient is good!γth = c(hx)exp (−
qh

hz )
Rutkevich 1999 PRB
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Outlook

Lencses, Mussardo, Tacaks PRD 2022 

Prefactor in the decay rateMore on Bubble Dynamics Experiments

Jaka Vodeb et al. arXiv:2406.14718 Milsted, Liu, Preskill, Vidal 

PRX Quantum 2022 

https://arxiv.org/abs/2406.14718


Thanks for the attention !
Federica M. Surace Pasquale Calabrese Marton Kormos


