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Neutron stars as GW sources
• Rapidly rotating neutron stars are
potential sources of continuous
gravitational waves (GWs)
• Emission comes from a time varying
(mass/mass current) quadrupole:

The Crab pulsar
wind nebula
Credit:
NASA/CXC/SAO

– triaxial star (e.g. a “mountain”)
– Long lived vibrational modes (e.g. rmodes)

• Observations can give information
about the physics of neutron stars
(see talk by Ian Jones)
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Search targets
• There is a population of known neutron
stars that can be searched for:
– pulsars (mainly seen via radio
observations)
– isolated neutron stars (seen via X-rays)
– supernova remnants (e.g. Cas A,
SN1987A?)

• Also a population of unobserved
neutron stars
– About 160 000 “normal” active pulsars
and 40000 millisecond pulsars in the
galaxy
– Potentially 109 neutron stars

Cassiopeia A
Credit: NASA/CXC/MIT/UMass
Amherst/M.D.Stage et al.
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Non-GW limits
• For pulsars the observed spin-down can be used to set a limit
moment of inertia
spin-down
on GW emission:
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• For young stars in SNRs an age-based limit can be set:
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• For unknown sources the “Blandford argument” (expanded
on in Knispel & Allen, PRD, 78, 2008) gives an estimate of the
potential largest GW amplitude source of:
ℎ0𝐵 ≈ 1.6 × 10−24 for 𝜀 = 10−6 and 250 Hz < 𝑓 < 680 Hz
ellipticity
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Known pulsars searches
• 116 (of almost 200) of the
fastest spinning pulsars were
searched for in all LIGO fifth
science run (S5) data (Abbott et
al, ApJ, 713, 2010):
– ~2yrs of data at design sensitivity
– Assume triaxial star with signal at
twice rotation frequency

• No signal seen for any pulsar,
but:
– lowest amplitude upper limit:
2.3 × 10−26
– lowest ellipticity limit: 7 × 10−8

~10-1000 times
above the spin-down
limit
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Known pulsar searches
• In S5 for three young and glitchy pulsars
observations approached or beat the indirect
spin-down limit:
–
–
–
–

Crab pulsar beat spin-down by a factor of 7
J0537-6910 - 1.3 times spin-down
J1952-3252 - 2.5 times spin-down
however, ellipticities all ~10−4

• More recent observation with Virgo (VSR2)
have beaten the spin-down limit for the Vela
pulsar by a factor of ~1.6 (ellipticity ~10−3 )
(Abadie et al, on arXiv next week)
• These sources would have to be exotic quark
or hybrid stars to maintain these ellipticities

Vela pulsar wind nebula
Credit: NASA/PSU/G. Pavlov et al.
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Cas A search
• Cas A is a 300 yr old supernova
remnant containing the
youngest known neutron star)

age-based
limit
1.2 × 10−24

– but, unknown frequency

• Searched 12 days of S5 over the
100-300 Hz frequency range,
using frequency derivatives
based on braking indices
between 2-7 (Abadie et al, ApJ,
722, 2010)
• Indirect, age-based, limit was
beaten
• Limits on r-mode amplitude
were set for the first time
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All-sky searches
• 8 months of S5 data were searched
for unknown sources (Abbott et al,
PRL, 102, 2009)
–
–
–
–

all-sky coverage
50-1100Hz frequency range
spin-downs up to −5 × 10−9 Hz/s
Semi-coherent with 30 minute
coherent time

• In most sensitive frequency and sky
region orientation angle-averaged
upper limits give ℎ0 < 1 × 10−24
• Sensitive to sources within 500pc
with ellipticities greater than 10-6
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All-sky search
• An all-sky search was also performed
on S5 data using Einstein@home
(Abbott et al, PRD, 80, 2009)
– 840 hours of data with 30 hour coherent
times
– 50-1500 Hz frequency range
– Spin-down range based on stars with
minimum spin-down ages of 1000 yrs
(below 400Hz) and 8000 yrs (above
400Hz)
– Small spin-ups allowed

• In most sensitive band (125-225 Hz)
90% of sources in full sky with
ℎ0 > 3 × 10−24 would be found
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Future searches
• S6 and VSR2,3,4 will be searched for
known pulsars

Galactic centre
Credit: Max-Planck-Institut fur
extraterrestrische Physik

– approach spin-down limit for more
pulsars
– search at frequencies other than twice
rotation frequency
– search for newly discovered objects
(e.g. Fermi g-ray pulsars)

• Targeting other isolated neutron
stars, globular clusters, galactic centre
• Further all-sky S6/VSR,3,4 searches
– longer coherence times
– including sources in binary systems
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Advanced detectors
• Advanced LIGO, Advanced Virgo and LCGT
may be taking data by ~2015
– Factor of 10 greater sensitivity and range

• Based on spin-down limits and assuming stars
are “gravitars” these could detect a few
currently known pulsars (e.g. Pitkin,
arXiv:1103.5867)
• Einstein Telescope a further 10 times more
sensitive (see talk by Stefan Hild)
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