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[ Jele]e]

Cosmic strings in the early universe

Cosmic strings are one-dimensional topological defects

Generated in early-universe phase transitions (e.g., axion strings)

Detection: CMB, gravitational wave (GW) background...

Need to constrain the GW signature from cosmic stringSJ
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The Nambu-Goto approximation

Traditional picture =—» Nambu-Goto approximation (zero width)

—> Decay to GWs
» String networks = Infinite strings + Loops
L Decay to loops and GWs

» Loops decay via GWs radiated in all harmonic frequencies v; = j/ T, with
T = Lstr/2

—q . o0
P = I—G“%(q) — Paw=Ew=) P=IGu

j=1

Field-theory strings can also decay via particle emission

Goal: Particle and GW emission using lattice simulations )
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Cosmic strings
[e]e] o]

Global string loops in flat spacetime

This work: Global string loops in a flat spacetimeJ

N Massive (m = v/2\v)
V(p) =\ <<p|2 — V) —_— and massless radiation

2
Global strings (r. ~ m™1)

Lattice simulations with CosmoLattice [Figueroa et al, 2020, 2021]

Dimensionless variables:
L ¥ =vVAvx
0x f=vVAvt
¢=9/v
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Cosmic strings
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Initial conditions

We consider two types of loops:

Network loops
(from decay of networks)
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Random initial conditions
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Loop decay time

Decay time vs initial string energy — linear relation
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Loop decay time

Decay time vs initial string energy — linear relation
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Loop decay time

Decay time vs angular momentum —> universal scaling
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GW results: UV sensitivity of artificial loops

Fixed loop and lattice size + reduce lattice spacing
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GW results: UV sensitivity of artificial loops

Fixed loop and lattice size + reduce lattice spacing
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GW results: UV sensitivity of artificial loops

Fixed loop and lattice size + reduce lattice spacing
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GW results: UV sensitivity of artificial loops

Fixed loop and lattice size + reduce lattice spacing

]

Lattice
artifacts
in UV

C\I/\
SQ 1071
~
= ‘
= 1072 %
z&ﬁ \
= — 0% =0.375 A
Y ‘ 0% =0.25 o
—3L
S 107 57 — 01875 S
— 62 =0125 =
— 0% = 0.09375
10+ : —
0.1 1.0 5.0 10.0
k

Jorge Baeza-Ballesteros

Nordita — 25th October 2023

[ =192
L1/q =96
Vi = 0.7
Vo = 0.6




Results
[e]e]e] lelele}

GW results: UV sensitivity of artificial loops

Fixed loop and lattice size + reduce lattice spacing
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GW results: UV sensitivity of artificial loops

Fixed loop and lattice size + reduce lattice spacing
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GW results: UV sensitivity of artificial loops

Fixed loop and lattice size + reduce lattice spacing

Cutoff Core scale

]

Lattice

artifacts
in UV

C\I/\
SQ 1071
~
=
~
1072 ‘
z&ﬁ : k
. — 6% =0.375 RV
Y ‘ 0% =0.25 o
—3L “
S 107 57 — 01875 S
— 62 =0125 =S
— 0% = 0.09375 =N
10+ : : —
0.1 05 1.0 5.0 10.0
k

Similar results for network loops

Jorge Baeza-Ballesteros

Nordita — 25th October 2023

[ =192
L1/q =96
Vi = 0.7
Vo = 0.6




Results
[e]e]o]e] Jole}

GW results: IR sensitivity of artificial loops

Fixed loop and lattice spacing + Increase box size
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GW results: IR sensitivity of artificial loops

Fixed loop and lattice spacing + Increase box size
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GW results: power spectrum of artificial loops

Peaks at non harmonic frequencies + suppression at large scales
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GW results: power spectrum of artificial loops

Peaks at non harmonic frequencies + suppression at large scales
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GW results: radiation power

L3p t+T d keut
P(;,w(f) = £ / dt/— ng(k, tl)d|0gk
t
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No dependence on string length

Jorge Baeza-Ballesteros Nordita — 25th October 2023 12 /13



Results
0O00000e

GW results: radiation power
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GW results: radiation power
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We have studied the particle and GW
emission from global string loops J

v/ We have investigated two types of loops
v/ We have studied UV and IR effects in the GW power spectrum

v/ We have found GW emission is suppressed compared to particle
radiation for reasonable v

Outlook: local strings, GWSs from networks

Thank you for your attention!
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Time-evolution of the string length
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GW results: UV sensitivity of network loops

Fixed loop and lattice size + reduce lattice spacing
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