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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 lacks a robust theoretlcal founda'ﬂon (Btg industry.)

String theory is a successful mechanism for unifying
gravity with parﬁcle interactions




COSMIC STRINGS AND SUPERSTRINGS

GRAVITATIONAL WAVES

CUSPS AND KINKS WITH EXTRA
DIMENSIONS




GEOMETRICALLY REPRESENTED THE U(1) GAUGE GROUP OF
ELECTROMAGNETISM IN A VERY DIRECT FASHION.
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GEOMETRICALLY REPRESENTED THE U(1) GAUGE GROUP OF
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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
shce all cxf our standard physics




We use the term “brane”
to mean an extended




A braneworid is a slice through
spacetime on which we live. We
cannot (easily) see the extra
dimensions perpendicular to our
shce all c.rf our standard physics




In brane inflation, we imagine an (anti-)orane moving on
the internal extra dimensions and extended along the
noncompact directions.
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But we can fall
into different
vacua at differer
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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:
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This gives the Nambu action:

S=- ﬂf deG'-J}T AREA OF WORLDSHEET
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» 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]
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For loops, we can use the Nambu action and linearized
gravity.

The loops gradually
radiate away, and
producing a GW
background, much of the
contnbutm comm from
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For loops, we can use the Nambu action and linearized
gravity.
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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

Ioop is pmport:onal to cosmologlcal
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Strings are detected via gravity, rather than particle physics:

» Gravitational lensing @y -

Some candidates, no detection (
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« Gravitational perturbations I
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LIGO  f~150 Hz LISA  f~4mHz
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For a cusp or kink, the Fourier integral is dominated when the
mmnumakmsmmﬂmmvector Ttmgma

J— L——IFM"’"’ RS ’ﬁ...“.._w ICYy PO h_ Jmt JJ_J QFH-IIII Jisunct




= Cusp beams out gravity waves
in a tight cone around the cusp




vectﬂr sgnal' a comblnatm of these.

= Kink beams out gravity waves
along the cts wave-vector,
Iocalised transverse — a FAN




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 des;red
fiducial frequency.
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Then must estimate the total signal from the network




- 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 freadom in solns to
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DY rnaxrma redshift, use this to obtain amphtude at desired
fiducial frequency.
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movers no Ionger need be
null.
This rounds off the cusp,
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extra drns deae&es and poss:bty 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:







. Cusp signal is particularly sensitive to number of extra
dimensions

= But there are caveats, better understanding needed: Warped
extra dmens:ons’? Effact of cosmologlcal expansm'?
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betm the mmp&:t
and noncompact dims.




- Cusp s:gnal is particularly sensitive to number of extra
dimensions

= But there are caveats, better understanding needed: Warped
extra dmmns’? Effect of cosmalogml axpanslm'?




