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Abstract: Cosmic strings, generic in brane inflationary models, may be detected by the current generation of gravitational wave detectors. An
important source of gravitational wave emission is from isolated events on the string called cusps and kinks. | first review cosmic strings, discussing
their effective action and motion, and showing how cusps and kinks arise dynamically. | then show how allowing for the motion of the strings in
extradimensions gives a potentially significant reduction in signal strength, and comment on current LIGO bounds.
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“CAPTAIN...IT’S A COSMIC

STRING FRAGMENT!”




It is genenc powerful and mly accepted
It lacks a robust theoretical foundation. (Big industry.)

String theory is a successful mechanism for unifying
gravity with particle interactions.
It is povmrfu and wn:ldy amepted
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EXTRA DIMENSION TO SPACETIME - A SMALL CIRCLE, WHICH
GEOMETRICALLY REPRESENTED THE U(1) GAUGE GROUP OF
ELECTROMAGNETISM IN A VERY DIRECT FASHION.
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A braneworld is a slice through
spacetime on which we live. We
cannot (easily) see the extra
dimensions perpendicular to our
slice, all of our standard physics
is confined.




We use the term “brane”
to mean an extended
object: OD is a particle, 1D
a string, 2D a membrane,




A braneworid is a slice through
spacetime on which we live. We
cannot (easily) see the exira
dimensions perpendicular to our
slice, all of our standard physics
is confined.




In brane inflation, we imagine an (anti-)orane moving on
the internal extra dimensions and extended along the
noncompact directions.
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described by using the Abelian Higgs as a toy model.
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But we can fall

into different
vacua at differer
places in space
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= Strings either infinite, or closed loops (or end on black holes!)
= Width and mass (p.u.l.) set by massive gauge and scalar

bosons

W ~10% cm
GUT String: u ~102' Kg m
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This gives the Nambu action:

=— [.lf d‘l’dO'-J_ AREA OF WORLDSHEET




RS S G < |

—’ (@) =) =1




oblaned bymegrahlgoutwa'memmﬂedcorem
This gives the Nambu action:
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e CUSPS: occur when the left and right moving waves
constructively interfere to allow the string to (instantaneously)
move at the speed of light. [@a’ and b’ align]







For loops, we can use the Nambu action and linearized
gravity.

The loops gradually
radiate away, and
producing a GW
pbackground, much of the
contribution coming from
mﬁeﬂ eualts in mer
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These properties allow a computation
of the evolution of the initial

configuration of strings in the
background of an expanding
universe. The network is found to
scale. Roughly, the length of a typical
loop is proportional to cosmological




Strings are detected via gravity, ralherthanpamclephymcs

 Gravitational lensing
Some candidates, no detection A
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Strings are detected via gravity, ratherthanpamcle physncs

 Gravitational lensing ‘/ 3
Some candidates, no detection / i
w -

« Gravitational perturbations ; !




LIGO f~150 Hz LISA
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For a cusp or kmk, the Fourier integral is domlnated when the
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= Cusp beams out gravity waves
in a tight cone around the cusp
vector

= Opening angle defined by




vector, signal a combination of these.

= Kink beams out gravity waves
along the cts wave-vector, ‘
localised transverse — a FAN
= Opening angle defined by
saddle point of I,




f—=A0+2)f r—a,;r=(1+2)D,(2)

Then must estimate the total signal from the network
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by maximal redshift, use this to obtain amplitude at desired
fiducial frequency.




f—=A0+2)f r—a,;r=(1+2)D,(2)

Then must estimate the total signal from the network
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_, .. a /ienkin 1 > ns to varables,
by maximal redshift, use this to obtain amplitude at desired
fiducial frequency.




Extra dimensions reduce the
probability of intercommutation, but
also the kinematics of strings will be
different (more freedom in solns to

Nambu egns). This reduces the




Extra dimensions reduce the
probability of intercommutation, but
also the kinematics of strings will be
different (more freedom in solns to
Nambu egns). This reduces the




Extra dimensions reduce the
probability of intercommutation, but
also the kinematics of strings will be
different (more freedom in soins to
Nambu egns). This reduces the




Extra dimensions reduce the
probability of intercommutation, but
also the kinematics of strings will be
different (more freedom in soins to
Nambu egns). This reduces the
oility of cusp formation in




by maximal redshift, use this to obtain amplitude at desired
fiducial frequency.




Extra dimensions reduce the
probability of intercommutation, but
also the kinematics of strings will be
different (more freedom in soins to
Nambu egns). This reduces the




The first clear effect is that the
wave vectors of left & right

movers no longer need be
null.

This rounds off the cusp,
narrowing the beaming cone.
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T allows
probability of near cusp event.
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rate over this range:

dN ycp - p." et 2 W £ WO ) W £3
dz (n+1)(n+2) PT,(z) 1+2)°H(z)
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finite width. This will give more self-intersection as size of
extra dims decreases, and possibly restrict parameter space.
Model this empirically by changing measure on solution space
to peak around 3d.
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For the kink, the only factor from extra
dimensions is the thinning of the fan to
(6-9) which must be integrated over:
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= Cusp signal is particularly sensitive to number of extra
dimensions

= But there are caveats, better understanding needed: Warped
extra dimensions? Effect of cosmological expansion?
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= Cusp signal is particularly sensitive to number of extra
dimensions

= But there are caveats, better understanding needed: Warped
extra dimensions? Effect of cosmologlcal expmsmn'?
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between the co
and noncompact dims.
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= Cusp signal is particularly sensitive to number of extra
dimensions

= But there are caveats, better understanding needed: Warped
extra dimensions? Effect of cosmological expansion?
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