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% COSMOLOGICAL PHASE TRANSITIONS

« Scalar fields involved in the
electroweak symmetry breaking can
become metastable. [1, 2]

* In extensions of the standard model,
this can be modelled as a first order
phase transition. [3]

« Around 10ps after the Big Bang.
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% HYDRODYNAMICS

« Can be fully described by the conservation of
the energy momentum tensor
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 Fluid equations, matching conditions,
Equation of the interface

* Three types of solutions
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Figure: Velocity v and
enthalpy w next to the

bubble wall. [4]
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% SUBSONIC DEFLAGRATIONS

- Wall speed less than the sound 0.4} ' ' |
speed. B
< 0.3}
+ Fluid is at rest inside the bubble. ~ 09l : : :
 Fluid speed decreases until a shock is : 5,’ z
encountered [}1 _ ....... : R RSLR SERCTEERERN
0.0 ? i .
&
Figure: Deflagration at wall speed 0.5 [4]
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% SUPERSONIC DEFLAGRATION (HYBRIDS)

+ Wall speed greater than the speed of oal N
sound, but less than the Chapman- : S
Jouguet speed ; ; S | P

o The Chapman-Jouguetspeedisthe <2 [ S
theoretical velocity at which -- ; ; o

a detonation travels through a reactive
medium

 Fluid speed starts increasing at the sound

* Decreases after the wall, until the shock is . _ .
encountered Figure: Hybrid at wall speed 0.7 [4]
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% DETONATIONS

« Wall speed greater than the

Chapman-Jouguet speed and the
speed of sound

« Speed starts increasing at the sound
speed

» Drops to zero at the wall
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Figure: Detonation at wall speed 0.77 [4]
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% STABILITY OF THE BUBBLES

* Introduce perturbations, if a solution for the perturbed equation can be
found the bubble is not stable

« Critical radius predicts the behavior

« So far has only been calculated for non-spherical perturbations
o Critical radius significantly less than in simulations [5, 6]
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% SPHERICAL PERTURBATIONS

Partial differential equations, separability helpful

Milne coordinates

Yy = tanh™* % T =112 — r2

Conformal time

drn = dn

Ansatz: ~ exp|wn]
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%\ DEFLAGRATIONS (MILNE COORDINATES)

0.0 1
=0.2 1
* Fluid is at rest inside the bubble.
* Fluid speed decreases until a 2
shock 1s encountered B o6
-0.8
_lo <

0.0 0.2 0.4 0.6 0.8 1.0
X

Figure: Deflagration at wall speed 0.5

HELSINGIN YLIOPISTO
HELSINGFORS UNIVERSITET
UNIVERSITY OF HELSINKI 15/04/2025 10



%\ HYBRID (MILNE COORDINATES)

0.0 4

=0.2 4

o Fluid speed starts increasing at the
sound

|
e
N

o Decreases after the wall, until the
shock is encountered

rapidity y(x)

|
o
o

_0.8 —

_10 .

0.0 0.2 0.4 0.6 0.8 1.0
X

Figure: Hybrid at wall speed 0.7

HELSINGIN YLIOPISTO
HELSINGFORS UNIVERSITET
UNIVERSITY OF HELSINKI 15/04/2025 11



% DETONATIONS (MILNE COORDINATES)

0.0 1 === 7810
= sound speed

» Speed starts increasing at the

—0.2
sound speed
- Drops to zero at the wall ~
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HELSINGIN YLIORISTO Figure: Detonation at wall speed 0.77
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% PERTURBED SPHERICAL EQUATIONS

Fluid equations

[ADy + QB+ CJV =0

e
_ Rx_
V= R
_‘!:ﬁ =
HELSINGIN YLIOPISTO
HELSINGFORS UNIVERSITET

UNIVERSITY OF HELSINKI 15/04/2025



%\ PERTURBED SPHERICAL EQUATIONS

Fluid equations w, —wy 0 0] (v —wu, 0 0 ]
‘ — |y —u 0 0 _ | ux —7 0 0
[ﬂfjx + QB + C]V =0 A= 0 {]x wy 0 B 0 0 wu, 0
0 0 0  wy i 0 0 0 wuy |
BB
V — RX [ 0 wi,u - Vut +u-Vp 0 0 1
— |
R 0 i Ve_ V.7 VI(I+1) B _\M(zu)
R \/‘3(1 tanh x?) \//2{1 tanh x?)
- T C = 1(1+1)
o0 tanh ) 0 V-u, 0
_ VD 0 0 V-u
i \/2(1 tanh x?) X ]
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% PERTURBED SPHERICAL EQUATIONS

Matching conditions

Afwy?(1 = v3)(—Q+ ¥’ RX) + (1 + ¢, 2)7 vy 1] = 0

T—Z(f};ﬁ — 82)¢ + ARwy v RX 4+ (14 (1 + ¢, 2)7%021] = 0
AR +v,Q] =0

Equation of the interface

[T o p i y 1 —
=50 = 92)C = Far — i(y(vy — )
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%\ PERTURBED SPHERICAL EQUATIONS

0.0 1 === 7ErQ
-+ sound speed
 Fluid equation —0.2 1
[}lﬂx + OB + C]? — ) ~0.4 -

« Boundary values from the
interface and matching conditions

o Example detonation

hS
— —1.0 A N

Vsh,ﬂr:k — ﬁ \
B B ~1.2 -
Vi = V’”"(Q) u.'n ::rfz .:._'4 L‘I.IE- GTE 1.'|:: 1.1:—'_
X
HELSINGIN YLIOPISTO Figure: Detonation at wall speed 0.77
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