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How Quantum Is QFT?
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Long-Lived Single
Frequency Scaling Source

| (x,t) = a ' Ap(a x)cos("t)

k

kpivot

!GW%AGW<

v o dhid e a =of :
s 00 S . el JArmy . -l e y
x - 3 - - e
ry# e e S >
C3.4 a0 3 AL 1 B A e R T 2
T a 1 Ll L ] .

>”GW el i (2 loia i)













¢ ¢
R

S

)
&




Vp =150 kms~!
Vp =310 kms~
Vp =450 kms~

Planck
SHOES

Baseline Model
(following LVC17)

80

100 120 140
Ho (km s=! Mpc~1)

160 180

1

1

200




A Real-Time
Semiclassical Picture
of Vacuum Decay

Jonathan Braden

Canadian Institute for Theoretical Astrophysics |

gyl V1vy
ot



http://www.cita.utoronto.ca/~jbraden

Outline

¥ Review of Vacuum Decay and 1st Order Phase
Transitions

¥ Euclidean Description (including new
computational method)
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First Order Phase Transitions
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Oth Order Questions

¥ How fast does the vacuum decay?
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Decay Rate

Pundecayed W |<QFV (t)|QFV (t = ())>‘2 Y G_Ft
Schematically
<QFV‘QFV(t>> — <QFV‘6_th‘QFV>

n - B
» W W ol z3 e . ,';. A e ’ e N A =L q (% _._- 1 . A I : : 5
= - I} o = . y ‘-4 A= | ¢ ¢ y
) ) . " ! .- s ~~f’-\', N o '-. ry . ‘C‘ .‘,'-_.- ‘.‘ ,v?'\. i e . T e o e e - . N g




Standard Description
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Pseudospec Solution
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)+

Chebyshev
Polynomials
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32 ¥ Quter boundary at oo

2.5

2.0 ¥ 0(10_15) : ~100 modes

1.5

o g ‘ngjelds0(10_3)S

0.5
0.0

05 ¥ Arbitrary-preecision
0 5 10 15 20 25 30 35 40 : -
mre artthmetic




Bounce ProPles
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Decay Rates
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Nucleation Rates
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Nucleation Rates
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Real-Time Interpretation

oz, t) = or(v/ 22! 2)

Classical
Observer
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Time-reversible.
No nucleation event.

[Figure courtesy of Andrew Pontzen]



Ad-Hoc Nucleation

L (x,t=0)= 1(|x])

Classical interior

Observer

No real-time classical description

[Figure courtesy of Andrew Pontzen]
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¥ Bubble-bubble correlations
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Some Questions

¥ Time-dependent description of nucleation
¥ Bubble precursor? Init. cond. at nucleation

¥ Bubble-bubble correlations
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Some Questions

¥ Time-dependent description of nucleation
¥ Bubble precursor? Init. cond. at nucleation

¥ Bubble-bubble correlations
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Some Questigns

¥ Time-dependent description Q# on

¥ Bubble precursor? Ini ucleation

¥ Bubble-bubble corrg
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Full Evolution?

Observer Observer Observer

[Figure courtesy of Andrew Pontzen]
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Quantum
Commutators
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Classically-Allowed Vacuum Decay
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Classically-Allowed Vacuum Decay



Numerical Artifact?

¥ Spatial Discretization: Fourier pseudospectral
(exponential convergence)
Temporal Discretization: Gauss-Legendre
(10th order In dt, symplectic)
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Numerical Reversibility
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Destroyed by Addition of Noise
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Decay Rates?

o Prediction
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Not Just Peaks in Initial Field!
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[JB, Johnson, Peiris, Pontzen, Weinfurtner, 1806.06069]




First Principles
Derivation of
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Why Does This Work?




My Original Question




QFT In Phase Space

Consider the Wigner functional
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Wigner Approach
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Wigner Approach

|'!dd|()|() "ﬁ l ﬁ i
VISR SIS ) i U COIBCO R i R

(B ks o

| i




Wigner Approach
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Wigner Approach
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Wigner Approach
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Wigner Approach
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Wigner Approach
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Quantum Noise
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Why The Discrepancy?
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[JB, Johnson, Peiris, Pontzen, Weinfurtner, 1806.06069]
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Fluctuation Determinant
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Fluctuation Determinant
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Gelfand-Yaglom Theorem
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We can compute the determinant as




Fluctuations and Decay

Log Divergence
(depends on dimension)

600 800 1000
!

Divergences appear that we must renormalise



Renormalization
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| attice Effective Potential
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| attice Effective Potential
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| attice Effective Potential
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Is This Testable?




Analog Cold Atom BEC
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Analog Cold Atom BEC
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Dynamics of relative phase
IS a relativistic peld
with periodic potential




Modelling BEC Dynamics
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BECs and Relativity

[JB,Johnson, Peiris, Weinfurtner, 1712.02356]
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Modelling BEC Dynamics
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Small Density Fluctuations
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Limit of Small Number
Fluctuations

A convenient variable iIs

N P

Integrate out 3uctuations in number density
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Limit of Small Nuiber
Fluctuatioy




SG and the Pendulum

Homogeneous Limit:
Rigid Pendulum




Modulate Transition Rate
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Modulate Transition Rate
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Time Averaged Potential
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Spinodal Instabllity



Transition Regime



Rapid Nucleation



Slower Nucleation
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Conclusions

Physical Process: False Vacuum Decay

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

¥ Decay rates ~ Euclidean Calculations
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Conclusions

Physical Process: False Vacuum Decay

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

¥ Decay rates ~ Euclidean Calculations
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Conclusions

Physical Process: False Vacuum Decay

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

¥ Decay rates ~ Euclidean Calculations
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Current/Future Work

¥ Real-time <« [nstanton
¥ Renormalisation, Fluc. Determinant, Wigner

¥ Mean bubble proble = instanton?

¥ Bubble-bubble correlations?
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