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1-dimensional topological defects

Appear naturally as a result of symmetsyeaking processes in the early universe

Give rise to observable cosmological consequences, such dikdirtkscontinuities in the

CMB power spectrum

Temperature power spectrum has 1 maximum, hence cannot be primary sources of
anisotropy

Contribution to the overall observed power spectrum of a few percent

Active sources: they continuously seed perturbations throughout the history of the universe
2 approaches for simulating the evolution of cosmic strings
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x TheAbelian Higgfield theory model
A Strings obtained as solutions to the relativistic generalization ofatmzburgLandau
action
A Simulations rely on extrapolation on many orders of magnitude, as their width cannot
be resolved with current processing power

x  TheNambuiGoto effective field action
A Obtained as a firsbrder approximation from the AbeliaHiggs action by considering
the string width to be small with respect to its length
A A further simplification was made in the phenomenologldatonnected segment
model (USM), where the strings are assumed to be formed from a number of
uncorrelated randomly oriented straight string segments which have random
velocities
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The UETC approach

UETG& UnEgual Time Correlator
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2-point correlation function of different components of the enengymentum tensor\
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At first-order in perturbation theory they store all information about the cosmic strin
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Coherent eigenvector” can be fed individuallyé'rgensolver»
Substitution of the energymomentum tensor in terms of the eigenvectors
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Cosmic strings modify usual perturbation equations

The perturbations they create are uncorrelated with primordial fluctuations

total = (inflation strings
Glotal = Gnflaton + G
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Einstein equationCm + L9, =80GT
metric g, =a’(h_ +h )
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/Perturbations due to stringéw
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ar’ =(r+P, +Q]
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Using synchronous gauge perturbations at first order & splitting the equations into their
scalar, vector and tensor components (in Fourier space), the evolution equations for the
metric perturbations are obtained in terms of the matter perturbations and the cosmic

strings.

General scalavectortensor decomposition of a tensor:
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bu-Goto simul
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NambuGotocosmic
string simulation
evolving in time

Interpolation on 3D
grid of given size at
each time

Calculation of UETC

Conversion to Fourie
Space

( .-, . \
Decomposition into

scalar, vector and

tensor parts
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5 UETCs
required
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Radiation era: redshift 6348 to 700

> Matter era: redshift 945 to 37.5

Matter +[ eras: redshift 55.4 to O

Evolution of string network in the radiation era at beginning, middle and eng
simulation
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String network appearance in terms of reselution the

grid it is Interpolated on (raciation ere simulation)

Key

Information
IS smoothed
out, string
Reliable network not
predictions resolved
expected

Chosen as balance between
computational time and IS
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