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http://www.arxiv.org/1608.00008

False Vacuum

S. Coleman, DOI:10.1103/PhysRevD.15.2929
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False Vacuum

Vacuum Decay Rate?

applicable. If this time is on the order of years,
the decay of the false vacuum will lead to a sort
of secondary big bang with interesting cosmolog-
ical consequences. If this time is on the order of
10° yr, we have occasion for anxiety.
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Compute the bounce solution for

V@, @y -.0)

Be as generic as possible
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Strategy

Sketch
+ Rotate & rescale
- Reparametrize potential
« Interpolate “solutions”
« Compute perturbative correction functions
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Strategy

Rotate & rescale

{01, @2y} = {1, by o0}

So that &, is direction of true vacuum from false vacuum
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Strategy

Reparametrize potential

V($) = m?p? + b3 + A4
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Strategy

Reparametrize potential

4oc3

V(ig) = E¢? +Ed® — abd?
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Strategy

Reparametrize potential

V(}) = 4"‘2— 3EP2+ E3 — E

What are o and E?
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Strategy

Reparametrize potential
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Strategy

Reparametrize potential

Vo)
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Strategy

Reparametrize potential

Ve
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Strategy

Interpolate “solutions”

p—0>0
¢ tanh( i )

Kink solution
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Strategy

Interpolate “solutions”

Spatial coordinate
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Strategy

Interpolate “solutions”

p—20>
¢ tanh( T )

Offset

Bubble Profiles Strategy 9/21



Strategy

Interpolate “solutions”

p—2>
¢ tanh( T )

Bubble wall width
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Strategy

Interpolate “solutions”

Also:
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Strategy

Interpolate: offset

20

Bubble Profiles

X X% X
0.55 0.6 0.65 0.7 0.75
«
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Strategy

Interpolate: bubble wall width
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For our next trick...




Perturbative Corrections

Start with the ‘kink’ ansatz, add a correction function.

G. A. White, DOI:16.1103/PhysRevD.93.043504, ARXIV:1510.03901
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Perturbative Corrections

Start with the ‘kink’ ansatz, add a correction function.

Equations of motion:

Ay

D(A+¢€)=0

G. A. White, DOI:10.1103/PhysRevD.93.043504, ARXIV:1510.03901
Bubble Profiles Strategy

13/21


http://dx.doi.org/10.1103/PhysRevD.93.043504
http://www.arxiv.org/1510.03901

Perturbative Corrections

Start with the ‘kink’ ansatz, add a correction function.

Equations of motion:
D(A+¢€)=0
Rearrange:
D’e = B(p)

Error function B(p) determined by ansatz, measures how well EOMs
solved.

G. A. White, DOI:10.1103/PhysRevD.93.043504, ARXIV:1510.03901
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Perturbative Corrections

Start with the ‘kink’ ansatz, add a correction function.

Equations of motion:

D(A+¢€)=0

Rearrange:
D’e = B(p)

Error function B(p) determined by ansatz, measures how well EOMs
solved.

Ay . . . . .
D’ is linearized into a simple eigenvalue problem
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Perturbative Corrections

Start with the ‘kink’ ansatz, add a correction function.

Equations of motion:

D(A+¢€)=0

Rearrange:
D’e = B(p)

Error function B(p) determined by ansatz, measures how well EOMs
solved.

Ay . . . . .
D’ is linearized into a simple eigenvalue problem

Restore non-linear term, add correction to correction, rinse & repeat.

G. A. White, DOI:10.1103/PhysRevD.93.043504, ARX1v:1510.03901
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Two fields
Original potential:

Vix,y) = (x* +y?) [1.8(x —1)> 4+ 0.2(y — 1)* —
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Toy Model

Two fields
Original potential:

Vix,y) = (x* +y?) [L.8(x —1)® 4+ 0.2(y —1)* — 8]

Rotate, reduce:
V(u,0)

T =0.36u? —u3 +0.57u
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Toy Model

Two fields
Original potential:

Vix,y) = (x> +y?) [L8(x — 1) + 0.2(y — 1) — 3]

Rotate, reduce:
V(u,0)
|E|

Setup ansatz, compute corrections...

=0.36u® —u3 +0.57u

Bubble Profiles Toy Model 14/ 21



Toy Model

x field

1.2

0.8

o6
=

0.4

0.2

cf C. L. Wainwright, DO1:10.1016/J.cpc.2012.04.004, ARXIV:1109.4189 (2012)
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Toy Model

y field

cf C. L. Wainwright, DO1:10.1016/J.cpc.2012.04.004, ARXIV:1109.4189 (2012)
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X corrections

e (p)

Bubble Profiles
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Toy Model

x error function
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Toy Model

Trajectory

16
14

1.2
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a(p)

cf C. L. Wainwright, DO1:10.1016/J.cpc.2012.04.004, ARXIV:1109.4189 (2012)
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Stay Tuned

Future work

+ Automatic solver
« Applications in NMSSM cosmology
- Component in generalized cosmology solving framework
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Thank you!
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Strategy

Interpolate: Euclidean action
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Toy Model

Ansatz
Ansatz forms in original {x,y} basis:

x(p) = 1.046 (1 — tanh [@D

y(p) = 1.663 (1—tanh [@D
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Toy Model

x error function

0.5 T T T T T T T
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Toy Model

x error function
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x error function

0.08
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y corrections

0.1

Bubble Profiles
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