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COSMOLOGICAL PHASE TRANSITIONS

First order phase transitions involve violent physics that source
Gravitational Waves

This GW could be detected by future generation interferometers:
LISA

Observe the universe before the CMB

One of the few windows into physics beyond the Standard Model



COSMOLOGICAL PHASE TRANSITIONS
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We have time evolution simulation based on effective descriptions

We have formulas to estimate the the GW emission of such processes:

o Equilibrium properties like transition strength, “easy”

o  Out of equilibrium properties: bubble wall velocity, challenging

We use Holography to obtain this velocity from first principles in time
evolution simulations.

Holographic study of bubbles using an alternative approach [Bigazzi, Cadeo,
Canneti, Cotrone ‘21]



HOLOGRAPHY

e Study strongly coupled QFT at large N_by
solving Einstein’s equations

e Not QCD nor SM: we look for intuition
and universalities

e Bottom-up model:

4 R+ 2% + V(4)

e Simple potential with 2 free parameters

e Gives us theories with phase transitions
and unique energy scale A
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HOLOGRAPHY
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SINGLE EXPANDING
BUBBLE
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Different B for the same A

Different A

Different bubble size

Different initial wall profile

Planar bubbles: dynamics in
11
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TIME EVOLUTION

-\
—
\-u-‘ll

5! 1

= ;
! < R0

S B

Q| __

» Y

_ i

| i

j ¥

i o

3

! ™ i

i S S M o f

S hite AN "

\ s o o (S N e, <) n

S A R ]| "

i =R i

-~ -~ -~ -~ n

1

| 1 : "

RERENH "

| 1 - 2

I 1 1 9

¥

i

7

"

o

i

i

T

i

if

Y

\ "

G, 4

e ) S i

- i

f n

"

1

i

&

S s e S R Sl B S R R

"j_

"

"_

1|

1

1

r.ll.l.ll.l.l.l.l _

B e Y |

| %

;

-

:

! ;

! ‘

r\" "

,'lllllll_llllllllllll,_

| .

1

1

;

1

;

| \

-

.

I K2 — =
o o

250

200

150

100

50

zA\



0.5

STEADY STATE

D boosted

20

zA

Late time state is self similar
and only depends on A
(nucleation T)

D and C regions grow in size,
wall does not; thin wall

Single profile approximates
well any wall of same theory

V_ .. 0.3 <C_: Deflagrations
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HYDRODYNAMICS
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Both ideal and viscous
hydrodynamics fail to describe
the wall

They approximate well the rest
of the flow, including the
region connecting D with A

Work in progress to check the
performance of 2nd order
hydro



ONGOING WORK





https://docs.google.com/file/d/1Wlu8cDChkpYpKiokkj-pdrVg9PUt7SdP/preview



https://docs.google.com/file/d/1wji0OpZxeMri4CkMtSufvzWHrbt4Bjxr/preview

SUMMARY

We obtained the first full dynamical evolution of an expanding
bubble holographically

We have worked with planar bubbles so far, but simulations are
already being done with circular bubbles: surface tension

Simulations of circular bubble collisions are on the way: direct
computation of GW

How far can hydrodynamics take us in the collision of bubbles?
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