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Introduction:

Inflation: the causality problem
the flatness problem
the magnetic monopole problem
the seed of large scale structure...
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The excursion of the inflaton field must be very large,
comparable to the M,,;.
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Inflation triggered phase transition:

We use a toy model with U(1) symmetry
1 A
Vg, ®) = 5(92¢2 —m?)|®|* + Z\q”4
with
¢(t) = o — Pt

the evolution equation
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We consider both the global U(1) and
gauge U(1) symmetry breaking

] curvature pé)rfourbation
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Phase transition:

There are three stages in phase transition .
horizon
‘@’k 1 —— k/mgz=0.1 \ a_3/2

k/mg> =2.8
1 —— k/img==5.0

YQ " ' Nesold

Tachyonic instability String formation Exit the horizon

define: 3 ~ nonlinearity dominates evolution mode with kT < 1 then freezes

My, =\ 2m2¢ /¢ the UV modes grow the string system becomes
ignore nonlinear terms: string forms comoving static

. . 2 s \
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modes with

k < av/myp,3t
. determines typical scale
grow exponentially | 1
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Tachyonic instability :

In the first stage, the system is around @ = 0, so the nonlinear
term can be neglected.

®+3HD —a2Vi® — 2m2¢p/pot® = 0

: 3
define mpy,

Modes with k < a+/m;,3t grow exponentially

We then calculate the mode function of the system
" 2f / mgff f —0

k2
T + + H?2r2

The modes become classical when the anticommutation of oy

and 7, 1s significantly larger than their commutation
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This is equivalent to require
F(k,7) = a(t)’Re [f'(k,7)f*(k,T)] > 1

page: S

1094

107_.

10° A

103_

F(k,

101_

10—1_.

10-34

10—5 -

In(ai/a)

mode function evolution

Quantum Classical

Initial condition
arXiv:hep-ph/0208228v3



Source of curvature perturbation :

Phase transition can generate curvature perturbation, in Newtonian gauge:

0’V oV
050¢ + 2HOydp — 0764 + a* e 6p = —a?0V; — 2a2<I>ca—¢ + ¢p0g (P + 37T,)
0;
U+ H®. = 4nG [qsgaqs -+ 52 (D;®Dy®* + gp"Fz-,,FOU)] T — o]
07t “\\ o7,
' \ — O¢
b, — V¥, = —127TG8_48i8j [Diq)chI)* + gpaFiijg]TL - \
1073 H
Applying the Green’s function method N
Sbi, = / dr'G (k, T, 7") (gq> + g|<p| - gTij> £ 107 1 \»::*(\:.\_
here . \
e \N
5’|q,| = a®|®|°¢9  dominate
2¢0 o
S = H 2 D, suppressed by € P
k/H)nf
ST, = 16¢67TG8_407;8]-T¢J- — 12¢67TG8_2303iTi0 contributions of three components
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Source of curvature perturbation :

Curvature perturbation is mainly sourced *
by radial mode:

0
531 = / ar'G (k,,7')a%| @2y -
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For ground state string
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separate the string core and background

The radial modes are
dominated by field
oscillations outside the
string core.
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Source of curvature perturbation :

i . We track three points (A, B, C)
5by, = / dr'G (k,7,7")a’| @[3 during the evolution.

— 00

with  |®]2 ~ a3

They exhibit similar behavior but

These oscillations trace the string with different phases.

trajectories, thereby defining the e
spectral characteristics in the Fourier ai
transform of the radial mode.

Therefore, although the direct
contribution of defects to curvature

perturbation 1s small, curvature 5 o0
perturbation still contains information -
about the defects. Lol
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Numerical simulation:

Initial conditions:

() )| = ([ )]

2 42 2 . . .
F 2f + (kz .9 ¢ (7'2) ; m )f =0 — Generate random field configuration based
T Her on mode function as initial condition

long wave-length modes

solve mode functions .
can be treated classically

Evolution equations:

60 (a2(90<1>) = a2 (V2(I) — zg(‘?zAZCP — 2ng182<I> — A?g2(I)) — a48V

]- . * * .
OE; = —V*A; + 0;0;4; — Egaz’l (2D;®* — ¢"D;®) ' Solve constraint during
simulation
Constraints: How to preserve Gaussian constraints —— Use link type variables
L o
G=0,E;, — gIm (<I> <I>;) during simulation® U () = (172
- Constraint damping
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Numerical simulation :

Constraints damping: arXiv:1309.2012
G=0,E; — glm (<I><I>;)

In the original numerical form: 0,F; — gTm (2®?)

0oG = 0  violated by numerical error 0:Ei| + |gIm (22;)

- PT
Reformulate the evolution equations into a more stable form
define 7 = 0;A; 0.015 -
/
0o (a 80<I>) =a (V S —igZP — 2igA;0;® — Ajg @) a“oVv 3 o0 /
BE; = —V?A; + 8,7 — %ga% (8D;3* — &*D;d)
2 I . « . 0.005 A v
8OZ - _81Ez + Cqg 81El + Ega 1 (@8()@ — 80<I>) i N
Now the constraint satisfies 000 - g
(02 +2v?)g=0
10° 101
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Results:

. . . H - —— Global string |
Define gauge-invariant quantity: { = —®., — —dé¢p [ -~ ~ = Local ting |
3 3 Po 1 —
The power spectrum: AZ(q) = 2q—7T2PC(Q) = 2q—7T2<§qC§,>' '
The power spectra of curvature perturbations E
from both global and local strings exhibit 4
identical IR behavior and peak positions. ¥
In the UV regime, P (k) ~ 39 o
However, in the deep UV region, local strings 10
show suppression compared to global strings :
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curvature perturbation
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Secondary GW:

From curvature perturbation to secondary GW:

U (k) = aa / dk; / du— (1- )

12 (k, k1, k2) Pg (k1) PC (kg)

The power spectra of curvature perturbations

Qew

from both case are almost the same. o-ul

In the UV regime, Qgw ~ k—°
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Summary:

* Phase transitions triggered by inflation can generate considerable curvature perturbations.
* The radial mode of the complex field is the dominant source of these curvature perturbations.

* Our simulations employ constraint damping methods to effectively control Gaussian constraint
violation.

* Global and local strings produce power spectra with similar IR behavior and peak features, but
diverge significantly in the deep UV regime.

Outlook & Future Work

» Systematically explore the parameter dependence of the power spectrum to build a predictive
framework.

* Investigate other types of defects to determine if spectral signatures can uniquely identify phase
transition mechanismes.
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Appendix A: string identification

Cosmic string

»
R
-

Tetrahedron

\ arXiv:2402.00741v3

In each triangular face, define:
wij = R IP; — TPiRP;

w1923 = W12 + Wog + W31

string go through this face if and only if:
Wi >0 and w3 >0
Wi <0 and wi3<O0

/ Cosmic string

String configuration:
®(p,0) = nf (myp)e™
f(msp) P|n|

For n=1, near the core:

6

® ~ pe’? =z + iy



