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Transverse field Ising model
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1D spin chain system



Vacuum decay in spin chain

Quantum tunneling

Classical bubble expansion/Bloch oscillation

Thermalization

(It finally returns to the original state due to the quantum recurrence theorem but after a long long time)

Quantum simulations are available and it will be possibly realized in a real system



Vacuum decay rate in spin-chain vs in QFT
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Bounce: O(4) symmetric saddle point of the action

Spin-chain QFT

γ ≫ ΔEThe decay rate is independent of     if

γ

What is the relation between them?

(Fermionic operators)

Can we “test” the vacuum decay in QFT using spin-chain?
Mismatch of prefactors?

[M. Lencsés, G. Mussardo, G. Takács, ’22]

(False vacuum energy = 0)

Imaginary part comes from negative mode 



Contents

• Introduction 

• Vacuum decay in spin-chain 

• Towards the path integral formalism 

• Summary



Vacuum decay in spin-chain



Why Fermions? Why non-local?

Fock state
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Pair creation of walls
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Vacuum decay in spin-chain

H =
1
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2nd order perturbation

E0+
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: Decay rate of |ϕl⟩
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γ

Fermionic, non-local

Given outside of theory

Can we describe this decay in a field theoretical way?

Creation/annihilation of walls 
(Non-local)



Towards the path-integral 
formalism



The first step

⟨0+ |e−HT |0+⟩ ≃ e−E0T
at large T ∫ 𝒟ϕe−S[ϕ]

Problem 1: States are discrete (either up or down)
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Integral over the complex plane

T = Mδτ
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The second step
⟨zn+1 |zn⟩
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Problem 2: Paths are not continuous Problem 3: Off-diagonal elem. of Hamiltonian
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We found a transformation such that
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Then, it is complex and also it does not fit the path integral form

Not sure whether this really causes a problem



The third step

zn
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Question: Is there a saddle point of the action described by a bounce?
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~This is work in progress.~



Summary

• Vacuum decay in one-dimensional system can be simulated directly and also may be 
observed in real system (and there is already one for thermal decay). It may provide an 
explicit check of the theory of vacuum decay. 

• The relation between vacuum decay in the 1D spin system and in the QFT is still not well 
understood. (There may be a mismatch of the prefactor.) 

• We are trying to develop a bosonic path integral formalism for the spin-chain to look for a 
bounce-like saddle point of the action. Once it is found, we can also calculate the prefactor 
explicitly.


