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研究成果の概要（和文）：本研究の目的は２つある。(i) 重力波信号を検出するためのパイプライン (GstLAL: 
https://wiki.ligo.org/Computing/DASWG/GstLAL) を拡張し、日本の検出器 KAGRA からのデータも処理できる
ようにすること、(ii) 海外の重力波検出器 LIGO と VIRGO の第２回観測期間中にブラックホールと中性子星の
合体による重力波信号の探索を行うこと、である。我々はこれらの目標を達成し、更に大きな成果として中性子
星連星合体からの重力波信号を GstLAL によって発見した。

研究成果の概要（英文）：This project had two main goals:  (i) generalize the GstLAL 
gravitational-wave signal detection system (https://wiki.ligo.org/Computing/DASWG/GstLAL) so that it
 will be able to process data from the future Japanese KAGRA detector;  (ii) search for 
gravitational waves from black hole and neutron star collisions in Advanced LIGO and Advanced Virgo'
s second observing run.  Both goals were achieved.  Notable among the accomplishments was the GstLAL
 detection system's discovery of GW170817, the first gravitational wave from a neutron star 
collision.
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研究成果の学術的意義や社会的意義
The discovery of GW170817 altered our understanding of the origin of heavy elements, and showed us 
that gravity moves at the speed of light, which had a significant impact on our understanding of the
 nature of gravity.



1 研究開始当初の背景

Gravitational waves are produced by the movement of mass and momentum. They are the gravitational analogue
of electromagnetic waves, which are produced by the movement of electric and magnetic charges. Gravitational
waves were first detected in 2015, and since then have provided a new, and only, rich, window onto the behaviour
of gravity in the strong-field, dynamic, regime. Today, gravitational waves from the collisions of black holes and
of neutron stars are observed using three, kilometre scale, gravitational-wave antennas in the United States (two
LIGO antennas) and Europe (Virgo antenna). Shortly, Japan will complete the construction and commissioning
of the world’s 4th kilometre-scale gravitational wave antenna, the KAGRA detector in Gifu prefecture.

To discover gravitational waves from astronomical sources like black hole collisions or neutron star collisions,
it is not sufficient to construct a gravitational-wave antenna like KAGRA. The data from the antenna is con-
taminated with noise, some of which arises from the antenna itself, some arises from mechanical and electrical
disturbances from the surrounding environment, and even some gravitational noise is present. Identifying the
presence of signals in all of this noise, determining the properties and location of their sources, requires the use
of a signal detection software system. One such system is the GstLAL detection system [1, Other].

2 研究の目的

The goals of this project were: (i) to upgrade the GstLAL [1, Other] detection system to be compatible with
modern computer systems; (ii) to increase its sensitivity by improving its ability to differentiate signals from
noise; (iii) to use the system to search for gravitational-wave signals in the O2 and O3 data-taking runs of the
Advanced LIGO and Advanced Virgo detectors; and (iv) to modify the system so that it can be used to analyze
data from Japan’s KAGRA antenna when the antenna is completed.

3 研究の方法

1. For the first goal, the GstLAL system was to be converted from using the 0.10 version of the GStreamer
signal processing library on which it is built, to the modern 1.x versions of the GStreamer library.
2. The GstLAL system uses a Bayesian classifier to differentiate signals from noise. This system employs a two-
step process: firstly, signal candidates are identified in the data streams from the antennas using a basic matched
filter system; secondly, a vector of physical parameters describing each signal candidate’s appearance in the data
is computed and a Bayesian classifier is employed to assess the statistical significance of each parameter vector.
For the second goal, the Bayesian classifier was to be generalized to include additional physical characteristics of
each potential signal, including the phase of the signal observed in each antenna, and the time delays between
its observation in each of the antennas. The classifier was also to be generalized to track the time dependence
of some parameters it was already using, including the relative sensitivities of the detectors in the network and
their mean glitch (non-Gaussian transient noise) rates.
3. For the third goal, having accomplished the first two goals the new system was to be run on computer systems
at the California Institute of Technology and the University of Wisconsin-Milwaukee to search for and detect
gravitational-wave signals in the O2 and O3 data from the Advanced LIGO and Advanced Virgo detectors.
4. For the fourth and final goal, the process of generalizing the Bayesian classifier in goal #2 was to be carried
out in such a way that the new classifier software would be able to trivially accommodate a new, fourth, detector,
the KAGRA detector.

4 研究成果

The goals were almost entirely completed. The GstLAL detection system that has been the focus of this work is
publicly available, distributed under a free/libre software license (GPL version 2), and can be downloaded from
the project’s web page [1, Other].
1. The GstLAL detection system is now compatible with modern computer systems. Since starting this project,
the Python 2 language on which the GstLAL system is built has been abandoned by all of the other software
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components on which the GstLAL system relies, and so in the future the GstLAL system will need to be
converted to the Python 3 language, however the immediate upgrade requirements have been met.
2. & 4. The GstLAL detection system’s Bayesian classifier has been generalized to track time dependence and
additional physical parameters of candidate signals, and to accommodate the KAGRA antenna. Descriptions of
the theory underlying the work can be found in [22, Papers], [2, Papers].

Credit: NSF/LIGO/Sonoma State University/A. Simonnet

3. The improved GstLAL detection system was run
on Advanced LIGO and Advanced Virgo’s O2 data
set. Originally the goal was also to analyze O3,
but the start date was delayed past the end of the
award’s funding period, therefore only O2 data was
analyzed. This, however, was a great success for the
project. Most notably, the GstLAL detection
system discovered the neutron star collision
GW170817 [19, Papers], [18, Papers]. Of the
six analysis systems operating at the time, only Gst-
LAL found the signal. The superior sensitivity of the
GstLAL system was in part achieved by this project.

Other major discoveries of the GstLAL system
during O2 include GW170814 [20, Papers], the first
gravitational wave detected with the Advanced Virgo
detector, and the discovery that established for the
first time both the independent reproducibility of the
LIGO gravitational-wave observations and also the ve-
racity of the calibration and sensitivity of the Virgo
detector. The latter was critical is identifying the lo-
cation of the source of the GW170817 neutron star
collision, allowing its optical counterpart to be iden-
tified: since Virgo did not see the GW170817 signal,
Virgo’s non-detection was used to isolate the source to one of the relatively small sky areas to which the Virgo
detector was blind.
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