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A The false vacuum decay (quasiclassical approximation)
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['~exp (iS) =exp(—Sg) 2 Fp+Ap—V' =0,

we must find field configurations with ¢ (7 — —00,x) = @y,
matching the classically allowed state ¢ (7 = 0,x) with dp /017 =0and V (¢ (x)) = 0

The Coleman instanton (Phys.Rev.D 15 (1977) 2929)

Coleman proposed to consider O(4) - invariant solutions for which ¢ depends only on o0 = V72 + x2,

p(1,x) = p(o)> ¢lo) + %(p(g) — V' =0 with the two boundary conditions: ZEZ ::)0)::0 Pr
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The two puzzles with the Coleman instanton

1. The very fast false vacuum decay 2. There are no Coleman instanton solutions at all
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The resolution of the puzzles: quantum fluctuations
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Quantum fluctuations and new instantons
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A V(0) = ¢ e — Vol + Va(0) = =0,
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where gy = ¢ (0), Vi = V (¢ (@) Val0) = 5 Vil

The instanton is trustable only in the range Ouy < 0 < Oir

27 : 2mo [ 1 1
2 3N
V (O> 3 (me ‘Quz Lir Qzﬁ-r) — 3 0 o 0;
uv (7
With the precision allowed by the time-energy uncertainty relation,
the potential energy vanishes and the bubble with the quantum

3 o core emerges from under the barrier.
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New instantons
3

99(9) +—¢(p) — V' = 0 with the boundary conditions: ¢ (Q — OO) = Qf and u[) (Qb) = 0, Ob is an arbitrary free parameter.
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The false vacuum decay rate [’ ~ 964 exp (—SEg), where Q,is the size of the bubble, i.e. @(S,)= 0



The friction-dominated new instantons
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The friction-dominated new instantons: the thick-wall approximation
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The thin-wall approximation
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where ., 1s the solution of the equation V (y,,) =~ 0



Examples
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Conclusions

The boundary condition o(0 =0) =0 for 0 (4) instantons

maust be abandoned because quantum fluctuations

induce ultraviolet cutoff entirely determined by the
parameters of the classical solution

This cutoff regularizes the singular solutions and thus there
appears a new class of nonsingular instantons,

which all contribute to the false vacuum decay.






Thank you for attention!



Bubbles in Metastable Vacuum

l. Yu. Kobzarey, L. B. Okun, M. B. Voloshin

Sov.J.Nucl.Phys. 20 (1975) 644-646, Yad.Fiz. 20 (1974) 1229-1234
414 citations (iNSPIRE hep)

The Fate of the False Vacuum. 1. Semiclassical Theory

Sidney R. Coleman

Phys.Rev.D 15 (1977) 2929-2936, Phys.Rev.D 16 (1977) 1248 (erratum)
2181 citations (iNSPIRE hep)

The Fate of the False Vacuum. 2. First Quantum Corrections
Curtis G. Callan, Jr.,, Sidney R. Coleman

Phys.Rev.D 16 (1977) 1762-1768

1406 citations (iNSPIRE hep)

Action Minima Among Solutions to a Class of Euclidean Scalar Field Equations
Sidney R. Coleman, V. Glaser, Andre Martin

Commun.Math.Phys. 58 (1978) 211-221

283 citations (iNSPIRE hep)



https://inspirehep.net/literature/118681
https://inspirehep.net/authors/1013257
https://inspirehep.net/literature?q=refersto:recid:118681
https://inspirehep.net/literature/120989
https://inspirehep.net/authors/1013257
https://inspirehep.net/authors/1401433
https://inspirehep.net/authors/998659
https://inspirehep.net/literature?q=refersto:recid:120989
https://inspirehep.net/literature/120130
https://inspirehep.net/authors/1014725
https://inspirehep.net/authors/1013257
https://inspirehep.net/literature?q=refersto:recid:120130
https://inspirehep.net/literature/88934
https://inspirehep.net/literature?q=a%20Y.Y.Kobzarev.1
https://inspirehep.net/authors/994981
https://inspirehep.net/institutions/903031
https://inspirehep.net/authors/984469
https://inspirehep.net/literature?q=refersto:recid:88934

Instantons with Quantum Core
V. F. Mukhanov, A. S. Sorin
JCAP (in press), 2105.01996 [hep-th]

On the Existence of the Coleman Instantons
V. F. Mukhanov, A.S. Sorin

JCAP (in press), 2104.12661 [hep-th]

Quantum Fluctuations and New Instantons IlI: Quartic Unbounded Potential
V. F. Mukhanov, E. Rabinovicii, A. S. Sorin
Fortsch.Phys. 69 (2021) 2, 2000101, 2009.12444 [hep-th]

Quantum Fluctuations and New Instantons |: Linear Unbounded Potential
V. F. Mukhanov, E. Rabinovici, A. S. Sorin
Fortsch.Phys. 69 (2021) 2, 2000100, 2009.12445 [hep-th]



https://inspirehep.net/literature/1862130
https://inspirehep.net/authors/996548
https://inspirehep.net/literature?q=a%20A.Sorin.4
https://arxiv.org/abs/2105.01996
https://inspirehep.net/literature/1860809
https://inspirehep.net/authors/996548
https://inspirehep.net/literature?q=a%20A.S.Sorin.3
https://arxiv.org/abs/2104.12661
https://inspirehep.net/literature/1819843
https://inspirehep.net/authors/996548
https://inspirehep.net/authors/992494
https://inspirehep.net/authors/988031
https://arxiv.org/abs/2009.12444
https://inspirehep.net/literature/1819915
https://inspirehep.net/authors/996548
https://inspirehep.net/authors/992494
https://inspirehep.net/authors/988031
https://arxiv.org/abs/2009.12445

