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2nd Detection Paper by LIGO

‘GW151226: Observation of Gravitational Waves

from a 22-Solar-Mass Binary Black Hole Coalescence’

Abbott, et al. (LIGO Sci Collab. and Virgo Collab.), 

Phys. Rev. Lett. 116 241103 (2016)
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And also

‘Binary Black Hole Mergers 

in the first Advanced LIGO Observing Run’ 

The LIGO Scientific Collaboration and The Virgo Collaboration

ArXiv 1606.04856v2
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2nd GW signal in LIGO O1

・With full analysis for LIGO O1, 2nd GW event, 

named  GW151226, was found.

* Date/Time: Dec. 26th, 2015 03:38:53 UTC

* SNR 13  (FAR  1/1000 yr)

* Initial Binary masses : 14.2−3.7
+8.3 𝑀⨀ and 7.5−2.3

+2.3 𝑀⨀

* Final BH mass :           20.8−1.7
+6.1 𝑀⨀

* Distance          :          440−190
+180 Mpc 

* At least one BH has spin >0.2

* Signal in 35-450 Hz band for ~1sec with ~55 cycles.

* Peak amplitude  : ℎ ~ 3.4−0.9
+0.7 × 10−22 .

* Sky localization accuracy : 1,400  850 deg2



Space Science Colloquium (April 27th 2016, ISAS-JAXA, Sagamihara)

LIGO

・LIGO (Laser Interferometer Gravitational-Wave Observatory) :

GW observatory with two 4-km laser interferometric

antennae placed at Hanford and Livingston sites,

separated by about 3,000km from each other.

・Project approved in 1992. Start construction in 1994.

First obs. run in 2002 (Initial LIGO). Upgrade to

aLIGO (Advanced LIGO) from 2008. 
Courtesy Caltech/MIT/LIGO Laboratory

LIGO Hanford Observatory (LHO) LIGO Livingston Observatory (LLO)
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LIGO O1 and Search Pipeline

・LIGO O1 (1st Observation Run)

* Obs. Period : Sept 12th, 2015 – Jan 19th ,2016 

* Total coincident analysis time : 51.5 days.

 48.6 days of data after data quality process. 

・Data analysis  Matched filtering

* Coincident window in two detectors : 15msec

(3,000km separation  10msec. 5msec for margin).

* Mass range :  < 100 𝑀⨀

* Two independent pipelines: PyCBC and GstLAL.

Differ in implementation of matched filtering, use 

of data quality information, method of background 

estimation, …
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Data and Waveform

Strain amplitude

after band pass 

and line removal

Accumulated SNR

Matched filter 

output (total SNR)

Time-Freq. plane
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Search Results

・Both pipeline show >5σ for GW151226.

・Event GW150914 was removed in the background 

estimation.
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GW151226 Source Parameters

90% credible Intervals
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Mass Parameters
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Spin Parameters

・GW151226 has non-zero spin : >0.2 99% CL. 

* Orbit aligned spin : 𝜒eff

* In-plane spin : 𝜒p
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Waveform by GR

・NR Waveform reconstructed from estimated 

BBH parameters.



Ando Group Seminar (July 7th, 2016, Univ. of Tokyo) 13

GW151226 Features

・Smaller mass than GW150914. 

 Smaller amplitude. Matched filter was critical.

Longer duration in observation band. Better tests

for GR in the inspiral phase.

・At least one BH has spin. 

・Masses consistent with values dynamically measured   

in X–ray binaries

・No constraint on origin of the BBH.
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LIGO O1 Events

Parameters 

* Chirp mass : 𝑚1 𝑚2
3/5/𝑀1/5

* Mass ratio  : 𝑞 = 𝑚2/𝑚1 <1

* Angular momentum :

𝑎1,2 =
𝑐

𝐺𝑚1,2
2 𝑺1,2

* Component aligned with orbit

𝜒1,2 =
𝑐

𝐺𝑚1.2
2 𝑺1,2 ∙  𝑳

* Effective spin parameter

𝜒eff =
𝑚1𝜒1+𝑚2𝜒2

𝑀
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LIGO O1 Events

Two events (GW150914, GW151226) and one 

candidate (LVT151012, 87% CL) found in O1
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Parameter Estimation Results
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Sky Localizations
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Test of General Relativity
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Event Rate

BBH merger rate : 9 − 240 Gpc−3yr−1
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End


