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OBJECTIVE:
Obtain first CMB power spectra predictions and
constraints for Global Defects

. Perform Field Theory Simulations for global defects
. Compute the UnEqual Time Correlators
. Model Radiation-Matter Transition

. Obtain Power Spectra and Constraints



Cosmic Defects

+ Kink (1+1): [ — (at¢)2 _ (@m¢)2 — V(gb) ¢(t733) c R

_ é 2 2\2 An?
VI(g) =5 (" =) =
Energy .
¢(t7 _OO) = -1 ¢
Qb(t, _|_OO) = +7n D Dr:
_n /é
— +n
To(M) # 1 — Domain Wall
Defect Types: m1 (M) # 1 — Cosmic String
ma(M) # 1 — Monopole
m3(M) # 1 — Texture




Global Defect Model
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Our
Simulations

* Presence of Goldstone bosons -> energy not confined

* Long range interactions



Field Theory Simulations

* Field Theory Simulations
e Discrete e.o.m.
e Evolve e.o.m. in N8 |attices

* Expanding background: Radiation, Matter and
Transition

* Scaling is indispensable &(7) o< 7 :

* |n Radiation and Matter eras
 |n Rad-Mat transition x e Ay o4 119646 2017

e Extraction of UETCs



UETC method

e Cosmic defects perturb background

« Creating CMB Temperature and Polarization anisotropies
Power Spectra can be obtained using:

UnEqgual Time Correlators of the energy-momentum tensor
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UETC method
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Transition

* Important information in cosmological transition
e Scaling is broken

 We can model transition with fixed-k interpolation method

Clk,7,7")=f ( TTT/) CR(kT, kt') (1 — f ( TTT/)) C’M(lm‘, kt')

BB (ky7) — B (k7

fab(k’ T) - ER (kT) _ EM(kT) Simulations at transition
ab ab to compute:
Equal Time Correlator:  E(k,7) = C'(kT, kT)
B (E, 7)
- K
f(r) = (1 + 7—)
Teq



Transition

O(2) and O(3)
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* Independent of k

e Slow transition

e Same for all correlators

N > 3 66\
og(e
* |nterpolation function depends on k \(\\(\Q(
o

e Currently working on new approach to describe transition @“



1000 ¢ 5.
o 800 5 0
& &
=~ 600 )
B 58]
= 400 = 4
+ +
= 200 = -6
0 . -8 .
102 102
l l
6 0.3
5 025
T 4 S 02
0 0
N3 Q.. 0.15
$) $)
- -
+ 2 + 0.1
T ~ 0.05
0 0 .
2 102

Abelian-Higgs v
Lizarraga et al. 2016

* O(3) and Large-N are more similar:

O(2) and Large-N are not similar

* The amplitudes are different

* Details are different
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O(2) and O(3) relatively similar although O(2) has bigger amplitude
O(2) and AH relatively similar although O(2) has bigger amplitude
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Bounds

Dataset Planck 2015 CMB
Defect 0(2) O(3)
Model PL+Gu | PL+Gu || PL
f10 <0.017 | <0.024 —
1012(Gp)? || < 0.031 < 0.73 —
—In Lax 6472 6470 6472

95% upper limits obtained using Monte Carlo analysis

e Models are consistent with no defects

2) and O(3
Glu‘ Figueroa et al. QGW q QGW 5 2 X 10_15

2013

* The gravitational wave background below the LISA
sensitivity window



Summary

Field theory simulations of global defects O(N)

o Global Strings

« Global Monopoles

o Work in progress with higher N's

UnEqual Time Correlation extraction

Transition (Rad-Mat)

* kindependent transition in N=2,3

 New approach needed for N>3 (Work in progress)
First CMB PS predictions and constraints

GWSs spectrum: below LISA sensitivity
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