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The false vacuum decay
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è with the two boundary conditions:
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The Coleman instanton (Phys.Rev.D 15 (1977) 2929)

The false vacuum decay (quasiclassical approximation)





The two puzzles with the Coleman instanton
1. The very fast false vacuum decay 2. There are no Coleman instanton solutions at all

V.F. Mukhanov, E. Rabinovici and A.S.S., 
Fortsch. Phys. 69 (2021) 2000100 [arXiv:2009.12445] V.F. Mukhanov and A.S.S., JCAP (2022), [arXiv:2104.12661]
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Explicit examples of such potentials:

, where a>0,

, < 0 ; , > 0

,

<< 1 , << 1 , >> 1
The quasiclassical approximation is not trustable!

V.F. Mukhanov, E. Rabinovici and A.S.S., Fortsch. Phys. (2021) [arXiv:2009.12445]

at > 0



The resolution of the puzzles: quantum fluctuations

are two different solutions of the equation:



New instantons

The instanton is trustable only in the range

= 0 ,

,

With the precision allowed by the time-energy uncertainty relation
the potential energy vanishes and the bubble with the 

quantum core emerges from under the barrier.

Good approximation with the accuracy 
of one quantum:

è

with the boundary conditions: is an arbitrary free parameter.and ,

Quantum fluctuations and new instantons

, where      is the size of the bubble, i.e.  The false vacuum decay rate



The friction-dominated new instantons
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è >>1 (number of quantum)
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New instantons in D dimensions
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The friction-dominated new instantons
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Generalization
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If we assume that at the location of the maximum of the potential is determined by the friction
term, then

The value of the scalar field at which its velocity vanishes satisftes:
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Thus, the tunnelling depth is much larger than the height of the potential barrier, which corresponds to the thick-
wall instantons.
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The friction-dominated new instantons: the thick-wall approximation

The condition under which the thick-wall approximation is applicable:
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Example for D=4
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or

=1 for and =1/3 for        >>            .



Conclusions

When the depth of the true vacuum (or tunnelling at unbounded
potential) significantly exceeds the height of the barrier the new
instantons describing the tunnelling are dominated by the friction term in
the instanton equation and the resulting bubbles of a true vacuum have
thick walls.
Then one can replace the non-autonomous instanton equation by the
autonomous completely integrable equation, which is a good
approximation for the original one, and there exist the general formulas
for the probability of the false-vacuum decay for arbitrary potentials in
any number of dimensions.



Thank you for attention!


