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重力波グループ
• 世界に唯一の地下設置・低温ミラー装着の
重力波望遠鏡KAGRA

• 国際色豊かに最先端研究を進めている研究です

梶田（Ａ８）

内山（Ａ８）

三代木（Ａ８）

これから展開してゆく重力波
天文学を一緒に創りましょう！

大橋（Ａ８）

田越（Ａ５）



重力波と重力波検出
• アインシュタイン博士が1916年に一般相対性理論で予言。

• 時間と空間(時空)のひずみを光速で伝える波動現象。

• 質量の非球対象な運動により発生。実験室内で検出可能な強度の重力波の発生は
実質的に不可能。→宇宙から届く重力波を検出しよう

• 2015/9/14にLIGO(米国)により初検出。発生源はBHの連星合体。

• 初期宇宙から中性子連星の合体、超新星爆発、パルサーなど様々な天体現象が重
力波源になる。

• 大型レーザー干渉計が現在の主流。KAGRA, LIGO, VIRGO etc.


• 重力波検出の意義その1：一般相対性理論の実験的検証。

• 重力波検出の意義その2：重力波天文学。
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重力波検出の原理

光路長変化の精密測定 現実　KAGRA

1
100,000, 000, 000, 000, 000, 000

m

この微少距離変化測定の実現を目指します。

注：0が20個あります

重力波検出のため

一辺3~4kmの巨大レーザー干渉計を建造し

4 http://sc-smn.jst.go.jp/playprg/index/6768
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GW150914 the First Detection of Gravitational Wave
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発見の重要性 
• 初めての重力波検出である。 
• 初めて BH連星を発見し、その合体を観測した。 
• 最も重い恒星型BHを発見した。 
• 強い重力場において、一般相対性理論の検証を行った。

properties of space-time in the strong-field, high-velocity
regime and confirm predictions of general relativity for the
nonlinear dynamics of highly disturbed black holes.

II. OBSERVATION

On September 14, 2015 at 09:50:45 UTC, the LIGO
Hanford, WA, and Livingston, LA, observatories detected

the coincident signal GW150914 shown in Fig. 1. The initial
detection was made by low-latency searches for generic
gravitational-wave transients [41] and was reported within
three minutes of data acquisition [43]. Subsequently,
matched-filter analyses that use relativistic models of com-
pact binary waveforms [44] recovered GW150914 as the
most significant event from each detector for the observa-
tions reported here. Occurring within the 10-ms intersite

FIG. 1. The gravitational-wave event GW150914 observed by the LIGO Hanford (H1, left column panels) and Livingston (L1, right
column panels) detectors. Times are shown relative to September 14, 2015 at 09:50:45 UTC. For visualization, all time series are filtered
with a 35–350 Hz bandpass filter to suppress large fluctuations outside the detectors’ most sensitive frequency band, and band-reject
filters to remove the strong instrumental spectral lines seen in the Fig. 3 spectra. Top row, left: H1 strain. Top row, right: L1 strain.
GW150914 arrived first at L1 and 6.9þ0.5

−0.4 ms later at H1; for a visual comparison, the H1 data are also shown, shifted in time by this
amount and inverted (to account for the detectors’ relative orientations). Second row: Gravitational-wave strain projected onto each
detector in the 35–350 Hz band. Solid lines show a numerical relativity waveform for a system with parameters consistent with those
recovered from GW150914 [37,38] confirmed to 99.9% by an independent calculation based on [15]. Shaded areas show 90% credible
regions for two independent waveform reconstructions. One (dark gray) models the signal using binary black hole template waveforms
[39]. The other (light gray) does not use an astrophysical model, but instead calculates the strain signal as a linear combination of
sine-Gaussian wavelets [40,41]. These reconstructions have a 94% overlap, as shown in [39]. Third row: Residuals after subtracting the
filtered numerical relativity waveform from the filtered detector time series. Bottom row:A time-frequency representation [42] of the
strain data, showing the signal frequency increasing over time.

PRL 116, 061102 (2016) P HY S I CA L R EV I EW LE T T ER S week ending
12 FEBRUARY 2016
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Important Observation GW170817 
GW from neutron star binary coalescence in NGC 4993 
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Importance of the discovery 
• 初めての中性子連星合体からの重力波検出。 
• 電磁波観測によるフォローアップ観測に成功。 
• 精度の高い波源方向の決定。 
• ショートガンマ線バーストを観測。→起源を確認。 
• r-プロセスに伴うキロノヴァを観測。→ 重金属の起源を確認。 

• ハッブル定数の導出。 
• 中性子星の半径と状態方程式の導出。 
• 一般相対性理論の検証。→ 理論とよく一致した。

The 90% credible intervals(Veitch et al. 2015; Abbott et al.
2017e) for the component masses (in the m m1 2. convention)
are m M1.36, 2.261 Î :( ) and m M0.86, 1.362 Î :( ) , with total
mass M2.82 0.09

0.47
-
+

:, when considering dimensionless spins with

magnitudes up to 0.89 (high-spin prior, hereafter). When the
dimensionless spin prior is restricted to 0.05- (low-spin prior,
hereafter), the measured component masses are m 1.36,1 Î (

M1.60 :) and m M1.17, 1.362 Î :( ) , and the total mass is

Figure 2. Joint, multi-messenger detection of GW170817 and GRB170817A. Top: the summed GBM lightcurve for sodium iodide (NaI) detectors 1, 2, and 5 for
GRB170817A between 10 and 50 keV, matching the 100 ms time bins of the SPI-ACS data. The background estimate from Goldstein et al. (2016) is overlaid in red.
Second: the same as the top panel but in the 50–300 keV energy range. Third: the SPI-ACS lightcurve with the energy range starting approximately at 100 keV and
with a high energy limit of least 80 MeV. Bottom: the time-frequency map of GW170817 was obtained by coherently combining LIGO-Hanford and LIGO-
Livingston data. All times here are referenced to the GW170817 trigger time T0

GW.
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The Astrophysical Journal Letters, 848:L13 (27pp), 2017 October 20 Abbott et al.

Short Gamma Ray Burst 1.7sec after GW170817

Gravitational Waves and Gamma-Rays from a Binary Neutron Star Merger:
GW170817 and GRB 170817A

LIGO Scientific Collaboration and Virgo Collaboration, Fermi Gamma-ray Burst Monitor, and INTEGRAL
(See the end matter for the full list of authors.)
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Abstract

On 2017 August 17, the gravitational-wave event GW170817 was observed by the Advanced LIGO and Virgo
detectors, and the gamma-ray burst (GRB) GRB170817A was observed independently by the Fermi Gamma-ray
Burst Monitor, and the Anti-Coincidence Shield for the Spectrometer for the International Gamma-Ray Astrophysics
Laboratory. The probability of the near-simultaneous temporal and spatial observation of GRB170817A and
GW170817 occurring by chance is 5.0 10 8´ - . We therefore confirm binary neutron star mergers as a progenitor of
short GRBs. The association of GW170817 and GRB170817A provides new insight into fundamental physics and
the origin of short GRBs. We use the observed time delay of 1.74 0.05 s+ o( ) between GRB170817A and
GW170817 to: (i) constrain the difference between the speed of gravity and the speed of light to be between

3 10 15- ´ - and 7 10 16+ ´ - times the speed of light, (ii) place new bounds on the violation of Lorentz invariance,
(iii) present a new test of the equivalence principle by constraining the Shapiro delay between gravitational and
electromagnetic radiation. We also use the time delay to constrain the size and bulk Lorentz factor of the region
emitting the gamma-rays. GRB170817A is the closest short GRB with a known distance, but is between 2 and 6
orders of magnitude less energetic than other bursts with measured redshift. A new generation of gamma-ray detectors,
and subthreshold searches in existing detectors, will be essential to detect similar short bursts at greater distances.
Finally, we predict a joint detection rate for the Fermi Gamma-ray Burst Monitor and the Advanced LIGO and Virgo
detectors of 0.1–1.4 per year during the 2018–2019 observing run and 0.3–1.7 per year at design sensitivity.

Key words: binaries: close – gamma-ray burst: general – gravitational waves

1. Introduction and Background

GW170817 and GRB170817A mark the discovery of a
binary neutron star (BNS) merger detected both as a gravitational
wave (GW; LIGO Scientific Collaboration & Virgo Collabora-
tion 2017a) and a short-duration gamma-ray burst (SGRB;
Goldstein et al. 2017; Savchenko et al. 2017b). Detecting GW
radiation from the coalescence of BNS and neutron star (NS)–
black hole (BH) binary systems has been a major goal (Abbott
et al. 2017a) of the LIGO (Aasi et al. 2015) and Virgo (Acernese
et al. 2015) experiments. This was at least partly motivated by
their promise of being the most likely sources of simultaneously
detectable GW and electromagnetic (EM) radiation from the
same source. This is important as joint detections enable a wealth
of science unavailable from either messenger alone(Abbott et al.
2017f). BNS mergers are predicted to yield signatures across the
EM spectrum(Metzger & Berger 2012; Piran et al. 2013),
including SGRBs (Blinnikov et al. 1984; Paczynski 1986; Eichler
et al. 1989; Paczynski 1991; Narayan et al. 1992), which produce
prompt emission in gamma-rays and longer-lived afterglows.

A major astrophysical implication of a joint detection of an
SGRB and of GWs from a BNS merger is the confirmation that
these binaries are indeed the progenitors of at least some SGRBs.
GRBs are classified as short or long depending on the duration of
their prompt gamma-ray emission. This cut is based on spectral
differences in gamma-rays and the bimodality of the observed

distribution of these durations (Dezalay et al. 1992; Kouveliotou
et al. 1993). This empirical division was accompanied by
hypotheses that the two classes have different progenitors. Long
GRBs have been firmly connected to the collapse of massive stars
through the detection of associated Type Ibc core-collapse
supernovae (see Galama et al. 1998, as well as Hjorth & Bloom
2012 and references therein). Prior to the results reported here,
support for the connection between SGRBs and mergers of BNSs
(or NS–BH binaries) came only from indirect observational
evidence(Nakar 2007; Berger et al. 2013; Tanvir et al. 2013;
Berger 2014), population synthesis studies (Bloom et al. 1999;
Fryer et al. 1999; Belczynski et al. 2006), and numerical
simulations (e.g., Aloy et al. 2005; Rezzolla et al. 2011; Kiuchi
et al. 2015; Baiotti & Rezzolla 2017; Kawamura et al. 2016; Ruiz
et al. 2016). The unambiguous joint detection of GW and EM
radiation from the same event confirms that BNS mergers are
progenitors of (at least some) SGRBs.
In Section 2 we describe the independent observations of

GW170817 by the LIGO–Virgo and of GRB170817A by the
Fermi Gamma-ray Burst Monitor (GBM) and by the SPectro-
meter on board INTEGRAL Anti-Coincidence Shield (SPI-
ACS). In Section 3 we establish the firm association between
GW170817 and GRB170817A. In Section 4 we explore the
constraints on fundamental physics that can be obtained from
the time separation between the GW and EM signals. In
Section 5 we explore the implications of the joint detection of
GW170817 and GRB170817A on the SGRB engine and the
NS equation of state (EOS). In Section 6 we explore the
implications of the comparative dimness of GRB170817A
relative to the known SGRB population and revise the

The Astrophysical Journal Letters, 848:L13 (27pp), 2017 October 20 https://doi.org/10.3847/2041-8213/aa920c
© 2017. The American Astronomical Society.
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Importance of GW Detector Network
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Project approved

• 信号の同時性により、真の測定かどうかを判断できる。 
• 複数の検出器の信号を比較する事ができる。 
• 信号の到来時刻差→重力波源の位置 
• 重力波の偏光成分の測定 
• (コンパクト連星の場合)軌道傾斜角と絶対振幅の決定→重力
波源までの距離 

• 観測時間と観測可能領域の拡大 
• より多くの重力波イベントの発見 

KAGRAの参加は非常に重要



大型低温レーザー干渉計KAGRA 
KAGRA


Large-scale Cryogenic Gravitational wave Telescope


CLIO

Cryogenic Laser Interferometer Observatory

KAGRAの特徴
(1)地面振動の影響を低減するため神岡
鉱山の地下200m以下に建設
(2)低温鏡(サファイア鏡を-250度に冷却)
と低温鏡振り子の導入で熱雑音を低減
　　唯一KAGRAだけが採用

目標感度：約200Mpc(中性子星連星合体
に対して)。約4Gpc(GW150914相当)
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KAGRA ROAD MAP 

• KAGRAプロジェクトは2010年より始まった。段階的に巨大干渉計の建設を進めた。


• iKAGRA: 常温マイケルソン干渉計。km-class干渉計のテスト運転。約3週間の試験観測を完了。


• bKAGRA Phase 1: 低温マイケルソン干渉計。低温技術、大型防振装置の導入


• bKAGRA Phase 2: フルスペック。全ての要素がインストール。


• 2020年4月に国際共同観測を実施。


• 皆さんが修士の時には、感度向上作業と国際共同観測の両方に参加可能。
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A8 (梶田、大橋、三代木、内山)の研究テーマ

・KAGRAの感度向上、安定な運転

・将来に向けた観測技術開発

幅広い研究テーマから選ぶことができます。


現在は、KAGRAの感度向上が特に重要。

目標到達まで300倍の改善が必要。

皆さんの活躍が必要です。

KAGRAの現状と目標

1 × 10−22 [/ Hz]



KAGRA重力波望遠鏡を支える幅広い技術 

●鏡の低温技術

●高安定高出力レーザー

●干渉計制御技術・データ取得・
　データ解析

●大規模真空系の構築

●鏡の懸架防振技術

●入出射光学系

●散乱光防止

●高品質鏡
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A5サブコース田越秀行
重力波のデータ解析と理論

1

田越秀行 (重力波のデータ解析と理論)
川口恭平 助教 (数値相対論，重力波天文学) (浅野研と兼任)

研究員4名，院生6名

• KAGRAのデータ解析グループの１つ
• KAGRAによる重力波検出を目指して様々な研究を行っています
• 重力波検出器KAGRA/LIGO/Virgoのデータ解析，信号検出と物理パラメータの推定
• 検出された重力波信号の理論的解釈
• 重力波天文学・物理学の理論的研究

現在の主な研究テーマ

• 2020年KAGRA観測データの解析
• コンパクト連星合体重力波の解析パイプライン開発
• LIGO/Virgoデータを用いた背景重力波信号探索
• 連星中性子星合体にともなうキロノバの光度曲線
• 連星中性子星，ブラックホール中性子星合体の数値相対論シミュレーション

連絡先:	tagoshi__AT__icrr.u-tokyo.ac.jp お気軽にご連絡ください



Hiro Yamamoto   ICRR seminar on February 22, 2016LIGO-G1600270-v4
Slide Credit: Matt Evans (MIT) 
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バーチャルLAB TOUR
FAQより


Lab Tourは、ZOOM会議のチャンネ
ルを三つの時間帯に分けますので、
フルに参加される場合には最大三つ
までの出席が可能ですが、途中の
チャンネル移動は自由ですので、全
てのグループを視聴することも可能
です。


(1)：16:30−17:00


(2)：17:00-17:30


(3)：17:30-18:00


• 重力波は二つのZOOMチャンネル
でお待ちしております。


• A5 田越


• A8 梶田、大橋、三代木、内山
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