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Abstract: Cosmological bubble collisions arising from first order phase transitions are a generic consequence of the Eternal Inflation scenaric
present our computational strategy for generating and evolving these bubbles in 3+1 dimensions and in a self-consistently expanding backg
will show the existence of classical field transitions--the classical nucleation of bubbles during collisions--which can dramatically alter the can
description of eternal inflation.
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Motivation
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Prior Art
+ Simulating first order phase transitions:
+ Hawking, Moss, Stewart (1982)

+ Kosowksy, Turner, Watkins, Kamionkowski
(1991, 1992, 1992, 1993)

+ Observational Effects of Bubble Collisions:
+ Chang, Kleban, Levi (2007, 2008)
+ Aguirre, Johnson, Shomer (2007, 2007)
+ Eternal Inflation Bubble Simulations:

mewoos + Aguirre, Johnson, Tysanner (2008) e



Computational Strategy

+ We use a (shghtly) modified
version of LATTICEEASY

+ Modifications to allow f S . & o
odifications to allow ftor ,@.‘t:. - ®

higher resolution

+ Evolves scalar fields, @;, on a 3- - -gp COQP C 9 €

dimensionai Iattice.

- K - 1 oV = 04 0“ -
Gi + 301 - Vg + 22 0 < “9&&,“ ¢
a a Jo; & Yo e °f o5
+ Coupled to FRW gravity, = ¢

E 2_8?rG
a = 3p
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Coleman De Lucaa

+ We have:
+ a potential with degenerate minima, Uy
+ a small symmetry breaking term

+ So we can (can we?) use the CDL instanton, “thin wall”:

v 3_f dUkn_@
et

\/- Ao 1
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Coleman De Lucaa

+ We have:

+ a potential with degenerate minima, Uy
+ a small symmetry breaking term

+ So we can (can we?) use the CDL instanton, “thin wall”:
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Constraints

+ GUT-scale vacuum energy: a/\(;f)g A~ 10_20171,;{
+ Imitial Bubble Radn, Ry, some 87 1019
fraction of the Hubble Length: Rog =~ 0.1
3 my
Suggestions

. A.lmost-degenerate vacua: € << 1
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Coleman De LLucaa

+ We have:
+ a potential with degenerate minima, Uy
+ a small symmetry breaking term

">

So we can (can we?) use the CDL instanton, “thin wall”:
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Constraints

+ GUT-scale vacuum energy: CIA(;{)% ~ 10—20’171;1
+ Imitial Bubble Radn, Ry, some 8t 1019 |
fraction of the Hubble Length: Rp = 0.1
3 my
Suggestions

+ Almost-degenerate vacua: e K 1
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Two minima model
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Constraints

+ GUT-scale vacuum energy: a}.(ﬁg ~ 10_20"”3{
+ Imitial Bubble Radu, Ry, some 81 1010
fraction of the Hubble Length: Ro = 0.1
3 my
Suggestions

$ Almast-degenerate vacua: e}
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Resolution?

+ We have to mal{e sure that there are sufﬁcient grid-points
along each lattice side:

m*1 ...... f ....... f mi....l. .......... —

i = — 4 ] i — i
oSt > 20) 3 ] esr ‘ 20
f_ ﬂ,l].' ,f. !}.ﬂ:
L] : & E
ost [ st : ;
: s e 3 | : ¢ r aevead]
*”":: e ere—————— "."'.' ..... iY .__. 512 .". =9 'F_l——J g N —. 1024 .;
.00 o0S (.10 IS 6 R | 00 a0s 0.4 015 o220
Hr Hr

v We aim touse N — 51 and N = 1242 s that we

have suthcient resolution along each edge

| "*"Technical Aside: a 1024 lattices is 8Gb large! e
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Conformal Diagrams

When you plot the energy densit}f, you can
see that most of the energy hes along the
domain wall between the bubble and the bulk

Contormal Dh: \gram: Contormal Dias gram:

Energy Density Field Configuration

~ I 4
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Interaction Plane

.ﬂong the interaction plane.
regions of spacetime are
returned to the upper minima
(pictured in beige here)

This 1s reminiscent of...

Hau*king, Moss, Stewart

(1982)

+ Kosowsky, Turner (1993)
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Interaction Plane

We also see some {althnugh vVery Little) energy being “radiated”

mward the cenier c:f cach bubble.
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+ We have:
+ a potential with degenerate minima,
a small symmetry breaking term

There are two transitions, so we have two CDL
solutions:

e e
' 2V2)g2e © T 2v2h0Re
— Do = O
oo \/] 4 9 V2AG}(p—R2) V1 + 26V2A6R (p—Reprwnn




the field proﬁle

- ®o e ®o
V1 + 2¢V2263(p—R2) V1 1+ 2eV22é3(p—Ri)

copr T - o - - = -
3 4 i :
f 1
' : :
1 . ] i
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e ] <
an T - L i
- 1
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k - 4 . : "
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+ Using 10243, we can get reasonable resolution along
the held profile
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CDL

+ We have:
+ a potential with degenerate minima,
+ asmall symmetry breaking term

+ There are two transitions, so we have two CDL
solutions:

— ==
T 2v2ag2e 5 2y/2002

— Po = Do
womes /] 4 2¢ VPG (p—Ra) V1 + 2eV263 (o Regersm
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+ We have:
+ a potential with degenerate minima,
+ asmall symmetry breaking term

» There are two transitions, so we have two CDL
solutions:

R Rs

3 1
L 2V2Me2€ T 2V/2Xé2¢
= Po — Po
rsa: 09070011 \/ 1 4 2 e \/ﬂ{‘bﬁ( p—R2) J 1 _{__ 2 e \/ﬂqb% ( P R_lpage 74/170




the field proﬁle

N

i

= =
V 1 + 2eV2\63(p—Rz) V1 + 2eV2A63(p—Ry)
0o r ;,__ _\..
1 ] = = —
e = e——0 =
ot i o, ==

+ Using 10243, we can get reasonable resolution along
the held proﬁle
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+ We have:
+ a potential with degenerate minima,
+ asmall symmetry breaking term

+ There are two transitions, so we have two CDL
solutions:

R Ry

3 1
' 22282  2V2g2e
Po Do

,Jl + 26V/ﬂ¢§(p—Rlpage76/ﬂo
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+ We have:
+ a potential with degenerate minima,
+ a small symmetry breaking term

» There are two transitions, so we have two CDL

solutions:
3 1
R— Ry —
L 2v/2) g2 S 2V2NeRe
— Po = Do
e \/ 1 + 2 e \/Q_A@?}{p— Rz} \/ 1 + 26 m¢§(ﬂ— Rf%e 781170



the hield proﬁle

= 00 e ®o _
V1 + 2eV2Aé3(p—R1)
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. 3 Ol
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+ Using 10243, we can get reasonable resolution along
the hield profile
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