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The Bubbly Universe




The Bubbly Universe

08 T T T T T

V(¢)/ 5

02590 =05 00 05 10 15

®/bo




The Bubbly Universe

0.8 T T

V(¢)/Ad5

— 1 1 L
021.5 -1.0 =05 00 05 1.0 1.5

®/do




Large Literature Starting in 1982 ...

Vacuum Bubble Collisions

Single Bubbles

»

>

>

Coleman, deluccia
Hawking, Moss
Turok

Sasaki, Linde, Tanaka,
Yamamoto

Garriga, Vilenkin,
Montes, Garcia-Bellido

Guth, Guven
Freese, Adams
Susskind et al

>

»

>

>

Hawking, Moss, Stewart

Kosowski, Turner, Watkins,
Kamionkowski

Johnson, Aguirre, Tysanner,
Larfors

Chang, Kleban, Levy,
Sigurdson, Gobbetti

Easther, Giblin, Lim, Lau
Johnson, Lehner, Peiris,. . . (GR)

P

Observations

>

>

Johnson, Peiris, Mortlock,
McEwan, Feeney,...

Smith, Senatore, Osborne



—1.0 —0.5 0.0 0.5
?/ %o




. All Based on the “Canonical” SO(2,1) Approach

New Coordinates (Minkowski)
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Individual Bubbles
» Perfectly Spherical

T 40

» Boost Invariant
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Limitations of SO(2,1) Formalism
Quantum (or Stochastic) Fluctuations

B(3,2,,0) = dpy(s,2) + Ip(s, 2,9, 0)

d¢ has dynamics not captured by SO(2,1) formalism

Ignoring d¢ Breaks

» Quantum Mechanics
» Bubble Nucleation

» |nflationary perturbations



Numerical Approach is Essential s, i preparation)

Hybrid MPl/OpenMP Lattice Code
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var ocgs=host.getOCGs(host.pageNum);for(var i=0;i<ocgs.length;i++){if(ocgs[i].name=='MediaPlayButton0'){ocgs[i].state=false;}}




Numerical Preservation of SO(2,1) Symmetry







var ocgs=host.getOCGs(host.pageNum);for(var i=0;i<ocgs.length;i++){if(ocgs[i].name=='MediaPlayButton1'){ocgs[i].state=false;}}






var ocgs=host.getOCGs(host.pageNum);for(var i=0;i<ocgs.length;i++){if(ocgs[i].name=='MediaPlayButton2'){ocgs[i].state=false;}}



Works for multifield models supporting inflation as well
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Works for multifield models supporting inflation as well
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Works for multifield models supporting inflation as well
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var ocgs=host.getOCGs(host.pageNum);for(var i=0;i<ocgs.length;i++){if(ocgs[i].name=='MediaPlayButton3'){ocgs[i].state=false;}}



var ocgs=host.getOCGs(host.pageNum);for(var i=0;i<ocgs.length;i++){if(ocgs[i].name=='MediaPlayButton4'){ocgs[i].state=false;}}



Why Does This Happen?



Linear Parametric Resonance [JB, Bond, Mersini-Houghton, 1412.5591]

Non-SO(2,1) fluctuations evolve in the symmetric background
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Floquet Theory

c.f. Preheating [Kofman,Linde,Starobinski '97]
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Linear Parametric Resonance [JB, Bond, Mersini-Houghton, 1412.5591]

Non-SO(2,1) fluctuations evolve in the symmetric background
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c.f. Preheating [Kofman,Linde,Starobinski '97]

mx

Oscillating V" (¢pg)
=—> (¢ ~cKITEr)

(=] - (3] w
DpsV (9)

—10F

—15




Exponentially Growing Modes Exist
V(¢) =1 —cos(¢)
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Broad Resonance for Colliding Walls
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Generic Instability

» Goldstones of Spontaneously Broken Translation Invariance

» Time-dependent wall “tension”




Broad Resonance for Colliding Walls
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» Goldstones of Spontaneously Broken Translation Invariance

» Time-dependent wall “tension”



Implications

SO(2,1) symmetry can be badly broken
Observables don't necessarily have azimuthal symmetry

Beam smoothing versus inhomogeneity scale

Tensor modes are produced by fracturing of walls
Inhomogeneous start to inflation in some regions
Sign of { = d1n(a) in one field versus two field model

b A 0 A

Qualitative conclusions don't depend on inflationary scenario
» Oscillons as nonequilibrium environment for baryogenesis?

» Oscillons dilute as =3 — perturbed EOS during phase
transition?

» Application to braneworlds with colliding walls
» Preheating in unwinding inflation?
» Bubble baryogenesis

These signals are spatially intermittent
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