Institut de Ciéncies del Cosmos EXCELENCIA = o SSEP AGENCIA
MARIA il DF CIENCIA, INNOVACION ESTATAL De
UNIVERSITAT pe BARCELONA DE MAEZTU S D eabADEs INVESTIGACION

<>

CosmoZLattice school:

Lecture 11: Lattice simulations of domain walls

Francisco Torrenti
ICCUB & U. Barcelona

CosmoZLattice school 2025 - IBS, Daejeon, Korea



il pomainwalls

A
V(g) = Z(¢2 — v?)?

VA

-V

CosmoZLattice school 2025 - LECTURE 11 26th September 2025 2



g pomainwalls

V) = 2@ - 37 .
4 - T y—— domain walls

IN T

CosmoZLattice school 2025 - LECTURE 11 26th September 2025 2



g pomainwalls

V) = 2@ - 37 .
4 - T y—— domain walls

IN T

» 1-D solution:

o°¢p AV

022  d¢

CosmoZLattice school 2025 - LECTURE 11 26th September 2025 2



il pomainwalls

V) = 2@ - 37 .
4 - T y—— domain walls

IN T

» 1-D solution:

0’y dV m R , ) ; 5
0_z2 = @ = ¢(z) = v tanh <E(Z — ZO)> :

m=1/2Av 10
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Domain walls: quartic potential

A
V(¢) — Z(¢2 . V2)2
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Domain walls: quartic potential

A
V(¢) = Z(Cbz —v?)?

» The DW network soon achieves a “scaling regime” (~one DW per Hubble volume):
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Domain walls: quartic potential

A
V() = Z(Cbz — V7’

» The DW network soon achieves a “scaling regime” (~one DW per Hubble volume):

e Width: 5w =m=1/21v (physical width)
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Domain walls: quartic potential

A
V(¢) = Z(Cbz —v?)?

» The DW network soon achieves a “scaling regime” (~one DW per Hubble volume):

e Width: 5w =m=1/21v (physical width)

00 +v
e Tension: c = J dz[%(¢’)2 + V()] = [ \/2V(¢h) dgp = %\/2_/1\/3

(energy/area) — 00
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Domain walls: quartic potential

A
V(¢) = Z(Cbz —v?)?

» The DW network soon achieves a “scaling regime” (~one DW per Hubble volume):

e Width: 5w =m=1/21v (physical width)

00 +v
e Tension: c = J dz[%(¢’)2 + V()] = [ \/2V(¢h) dgp = %\/2_/1\/3

(energy/area) — 00

A _ s toH ag=21
Va3 o  V2aH

Area parameter

~ const

Energy density:  p4 =
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< > . . . .
Domain walls: lattice simulations

¢ — V2 +2H P = — da*(p* — v
a(n) =1+n (RD)
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< > . . . .
Domain walls: lattice simulations

» Comoving width decreases with time: ¢, /a ;7_1
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Domain walls: lattice simulations

» Comoving width decreases with time: ¢, /a ;7_1

3
L . a(n)L 3
» Number of Hubble patches contained in the lattice: N, = H-100) X
7
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Domain walls: lattice simulations

» Comoving width decreases with time: ¢, /a ;7_1

3
. - a(n)L 3
» Number of Hubble patches contained in the lattice: N, = H-100) X
7

Separation of comoving momenta scales:

P = 2ra(n) e k= 2na(n)

W P n, kp = H-1(n) xn”! =P We require: kg < k, < k,, < kyy
w
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Domain walls: lattice simulations

» Comoving width decreases with time: ¢, /a ;7_1

3
. - a(n)L 3
» Number of Hubble patches contained in the lattice: N, = H-100) X
7

Separation of comoving momenta scales:

P = 2ra(n) e k= 2na(n)

W P n, kp = H-1(n) xn”! =P We require: kg < k, < k,, < kyy
w

» Given a lattice of N lattice points and comoving length L, the maximum time for
which DWs can be resolved are:

< (V2 1 |H!
15 e =\ T HL "
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Domain wall evolution: scaling

[H; =m = 1]
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Domain wall evolution: scaling

[Hi = m = 1]
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Domain wall evolution: scaling
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Domain wall evolution: scaling

[H,=m = 1]
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Domain wall evolution: scaling
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Area parameter Energy density
D _ I -
: — N = 3060, L = 141 _ — N = 3060, L = 141
2.0 N =3060,L =70 | 1 8 ~- N = 3060, L = 70
15- —~ 6_ — Kin =— Pot
< /\\\ E I Grad == Total
1.0} I 4
y : Y | ¥
0.5} -_ 20
0.0 e - ol T s S vum s
0 5 ? 10 15 T 20 25 30 35 0 10 T 25 30 35
/'7 ?

Friction Friction

~onset of
scaling regime

~onset of
scaling regime

Notari, Rompineve & F.T (JCAP, 2025)

CosmoZLattice school 2025 - LECTURE 11 26th September 2025 8



<> . . .
Domain wall evolution: scaling

@' = Vi + QA+ ()’ = — Aa*(¢* = v
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Domain wall evolution: scaling

I'n/m
¢ — Vi + QI+ ()’ = — da*(p* — v [(a) = 0
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GWs from domain walls (scaling)
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GWs from domain walls (scaling)

2
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GWs from domain walls (scaling)
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GWs from domain walls (scaling)
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GWs from domain walls (scaling)
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GWs from domain walls (scaling)
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GWs from domain walls (scaling)
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GWs from domain walls (scaling)
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GWs from domain walls (scaling)
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GWs from domain walls (scaling)
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Annihilating domain walls

» DWs eventually dominate the energy density of the universe if ¢ > (MeV)’:

P ~ OH ~ a™?
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Annihilating domain walls

» DWs eventually dominate the energy density of the universe if ¢ > (MeV)’:
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Paw ~ OH ~a™~ =P DW problem!

> Biased potential: (¢ < 1)

A
V=Vz + Viias = 2 (¢ - V2>4+QV¢3
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» DWs eventually dominate the energy density of the universe if ¢ > (MeV)’:
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Paw ~ OH ~a™~ =P DW problem!
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Annihilating domain walls

» DWs eventually dominate the energy density of the universe if ¢ > (MeV)’:

2

Paw ~ OH ~a™~ =P DW problem!

> Biased potential: (¢ < 1)

A
V=Vz + Viias = 2 (¢ - V2>4+QV¢3

Annihilation starts when: cH(77,y) = AV

» Recent papers studying GW production from annihilating DWs with simulations:

Cyr, Cotterill, Battye (2025)
Notari, Rompineve & F.T (2025)

Babichev, Dankovsky, Gorbunov, Ramazanov, Vikman (2025)
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Domain wall evolution (biased case)

Nay = 14
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Domain wall evolution (biased case)

Nay = 14
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Domain wall evolution (biased case)

Nay = 14

Area parameter

—nay = 14

-- unbiased

Annihilation

Energy density

Kinetic — Potential

Gradient — Total

— nay = 14: Continuous

-~ Unbiased: Dashed
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GWs from annihilating DW networks
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GWs from annihilating DW networks
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GWs from annihilating DW networks
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GWs from annihilating DW networks
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THANK YOU!



GWs from annihilating DW networks
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Notari, Rompineve & F.T (JCAP, 2025)
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