A Real-Time Semiclassical
Picture of Vacuum Decay
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First Order Phase Transitions




First Order Phase Transitions










Standard Description
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Nucleation Rates
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Real-Time Interpretation

bz, 1) = p1(Va? — 1?)
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Time-reversible.
No nucleation event.

[Figure courtesy of Andrew Pontzen]



Ad-Hoc Nucleation
o(x,t =0) = ¢1(|x])

Classical interior

Observer
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No real-time classical description

[Figure courtesy of Andrew Pontzen]



Some Questions

 QFT exponentially complex. Approximations needed.
* Time-dependent description of nucleation
e Bubble precursor? [nit. cond. at nucleation
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Full Evolution”
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[Figure courtesy of Andrew Pontzen]
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Quantum
Commutators
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irplicit none
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Classically-Allowed Vacuum Decay



Numerical Reversibility
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Destroyed by Addition of Noise
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Decay Rates”

Prediction
P(H‘l)
|

~F g()‘a V07 ¢O)mgﬁ¢gC(A)6_2W¢OC(>‘)

‘ ; . P g p - i ' ’
- —" - " - A\ S 8 a8 e '_"- ~ i =







100 200 300 400 500 600 700
x




—I'(t—t
Psurvive ~ € ( 0)

0,
.z
>
—
7
oy




F%H_l)
L

= g(\, go)mZggge 20N

S1ms
Instanton
Ae_ ZWC(A) Qb?)

[JB, Johnson, Peiris, Pontzen, Weinfurtner, 1806.06069]



Conclusions

Physical Process: False Vacuum Decay

e False Vacuum decay can occur via classical
time-evolution (quantum is in initial state)

e Decay rates ~

—uclidean Calculations
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Current/Future Work

e Real-time <= |nstanton

* Renormalisation, Fluc. Determinant, Wigner

 Mean bubble profile = instanton?
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Numerical Reversibility
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Destroyed by Addition of Noise
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Defining Decays




