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GW150914: The Signal
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Some Facts

• First direct detection of Gravitational Waves

‒ Confirmation of their existence came from the
Hulse-Taylor binary (1975) (and also conformation
that they travel unimpeded through space)

• First direct observation of a black hole

‒ inferred from the characteristic ring-down of the
observed signal (and not from the influence on gas
surrounding a black hole)

• First observation of a black hole binary

‒ There is no other way to observe other than via
their gravitational wave emission

• The “brightest” event ever detected: 3.6 x 1049 W

‒ Total radiated energy ~ 3 solar mass

• Placed constraint on the graviton mass

– λg > 1013 km or mg < 1.2 x 10-22 eV/c2

LIGO G1600220-v8
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• Numerical relativity models of the BH
coalescence

• Over 0.2s the signal increases in frequency
and amplitude in about 8 cycles from 35 to
150 Hz

• Effective BH separation in units of
Schwarzschild radius Rs=2GMtot/c2=210km

GW150914: The Signal

• Binary Black Hole System

• M1 = 36 +5/-4 Msol

• M2 = 29 +/- 4 Msol

• Final Mass = 62 +/- 4 Msol

• Distance = 410 +160/-180 Mpc
(redshift z = 0.09)

Phys. Rev. Lett. 116, 061102, 2016



Sky localisation GW150914

Source position determined
mainly by triangulation and
signal strength (antenna patterns
different due to orientation)



EM and neutrino follow-up

Rapid EM observations in region of
GW source – no significant source

Search for coincident high energy 
neutrino candidates in IceCube
and ANTARES data

Search window ± 500s 

No υ candidate in both temporal 
and spatial coincidence

3 υ candidates in IceCube and 0 υ
candidate in ANTARES (consistent 
with expected atmospheric 
background)

https://arxiv.org/abs/1602.05411

IceCube
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•from the detection paper:

“We report the observation of a 
gravitational wave signal produced by 
the coalescence of two stellar-mass 
black holes. The signal, GW151226, 
was observed by the twin detectors of 
the Laser Interferometer Gravitational-
Wave Observatory (LIGO) on December 
26, 2015 at 03:38:53 UTC.” 

GW151226 2nd detection

• Second observation of BBH in O1
data

• Firmly establishes field of GW
astronomy

• Initial localization: ~1400 deg2

• Signal increased in frequency and
amplitude over about 55 cycles
from 35 to 450 Hz (over ≈1s)

Phys. Rev. Lett. 116, 241103, 2016
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Estimating the Significance

Hanford

Livingston

Time

>10ms

x

• Time shift the data at both sites
by greater than light travel time

• Perform a cross correlation =>
false alarm rate
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Comparing The Events
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https://arxiv.org/abs/1606.04856 Phys. Rev. Lett. 116, 241103, 2016
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3rd signal

https://arxiv.org/abs/1606.04856
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Future of the Field

Sesana arXiv:1602-06951 (2016)

• Multi-Band Multi-Messenger gravitational wave astronomy

– Compact binary coalescence studies (neutron star EOS/BH
populations)

– Testing gravity/numerical relativity at extremes

– Continuous waves/Stochastic background

– Cosmography

Credit: Chandra X-
ray Observatory 
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Future of the Field

• A worldwide network of advanced detectors are currently
operating/under development

Einstein Telescope 
(Europe 3G detector)

https://gwic.ligo.org

KAGRA 
(Japan)



Future upgrades – squeezed light

Laser

LIGO scientific collaboration, Nature Photonics 2013 
doi:10.1038/nphoton.2013.177 47
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Slide adapted from S. Dwyer



• This is an extremely exciting time in Gravitational Wave
Astronomy with the next observing run of aLIGO (O2)
currently underway and AdvVIRGO joining later this year

• With 2 detections the Gravitational Wave window has truly
been opened

• The detectors are performing well, and UK expertise has
been essential to realise aLIGO

• Future 3rd generation detectors will further push
technologies and realise improvement in sensitivity/widening
of operation bandwidth (>1Hz)

Summary



Future & Spin Offs

Thank You

Any Questions?



GW150914 – resulting black hole

62 Mo BH

Schwarzchild radius



aLIGO suspension designs



Strong Evidence for GW

• Hulse-Taylor Binary Pulsar (PSR 
B1913+16)

• Two neutron stars in very close 
orbit, loosing energy via GWs

• Matches exactly (99.7%) what GR 
predicts

• In 300 Myrs the system will coalesce (and 
produce a massive GW)




