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Gravitational Waves

M M

R

forb r

M ~ 1030kg
R ~ 20km
forb ~400Hz
r ~ 1021m

h ~ 10-22

Roughly speaking, gravitational waves are analogous to 
EM waves with replacement of e2 ↔ -m, but have 

difference coming from G-field(tensor field), EM-
field(vector field)

o Accelerating mass ⇒ gravitational waves

(Accelerating charge ⇒ EM waves)

o Energy conservation ⇒ no monopole radiation

(Charge conservation ⇒ no monopole radiation) 

o Momentum conversation ⇒ no dipole radiation

(EM waves begin with dipole moment.)

o GW has + and X polarizations in TT-gauge.

 

d = mA xA
A
∑ = p

 
Ldipole = (2 / 3)e

2a2 = (2 / 3)e2 d 2

 d = 0

(MTW ‘Gravitation’)

+ and X polarizations

Order estimate of GW amplitude
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Interferometric Gravitational Wave Detector

When an interferometer interferes with a gravitational wave, the interferometer detects the signal
as a phase difference between lasers coming from each arm.
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Detector sensitivity

http://wwwcascina.virgo.infn.it/DataAnalysis/Calibration/Sensitivity/
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Limits to Sensitivity
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LIGO sensitivity to astrophysical events

Core Collapse@10kpc
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World wide detector network

o Reconstruction of astrophysical parameters: sky location, polarization waveform, ...
o Reduction of false alarm rate by coincidence analysis
o Better detection confidence

But we have still many unknown coincidences.....

The network gives us 
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Lots of spam from interferometers

H1 H2 L1
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Event candidate

–  Discovered by burst analysis group quickly 
–  Many similar pulses in all three LIGO interferometers 
–  Difficulties in establishing accidental coincidence rate 
  •  Initial estimate (KW)1/3yrs, later estimates (CWB)1/30yrs 
–  Burst group not unanimous in bringing event forward 
–  Decision by DAC not to proceed to Detection committee 
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Unknown correlated signal

H1 L1
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Unknown correlated signal

H1 L1

Gravitational Wave from Supernova 

C. Ott (2006)
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What signals can be accepted conventionally?

3 sigma effect « evidence » 
5 sigma effect « discovery » 

3σ means a probability ~ 0.27% 
5σ means a probability ~ 6x10-7! 

Translated to our field: 
Claim for GW discovery " a (burst) candidate must have 
a chance < 10-6 to have been produced by background 
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Way to reach the 5-sigma level

 equinox event : P ~ 1 % (after cat3 DQ/vetoes) 

Need to gain 4 orders of magnitude!

Two way:
o Reducing background noise
o Astrophysical counterpart
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Coincidences with astrophysical counterpart

Temporal coincidence

Spacial coincidence
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Temporal Coincidence

 Run duration T. 
- Candidate with f.a.p. P from time slides. 
- Coincidence with external event, coincidence 
window Δt. 
- N such external events during the run. 
Gain in f.a.p. ~ Δt x N/T (rate of external events x 
coincidence window) 
Ex.: Δt ~ 180 s, N/T ~ 1/day => gain ~ 2x10-3
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Spacial coincidence

External counterpart assumed to be well localized. 
Position reconstruction from the LV network: 
angular accuracy ~ few degrees (say A degrees) 
Gain in f.a.p. ~ (A/180)2 

                    If A ~2 deg. gain ~10-4 ! 
         Even if A ~20 deg. gain ~10-2
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Spacio-temporal coincidence

Combine both time and spatial coincidences: 

Final f.a.p. ~ P x (Δt x N/T) x (A/180)2 
                      1%        1%         1%

Reach 10-6!
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LIGOVirgo-NASU joint observations

o WJN events
- So far several transients were detected and some of them have been published.
- Only radio transient events which have coincidence during S5.

o Source model
- ??

o Radio-GW emission model
- Binary neutron star coalescence:

One of two NSs is magnetar with B~1012-1015B
Energy is converted into plasma,...
The observable flux is ~2mJy for a source at 100Mpc

- Plasma excitation through relativistic MHD
A GW causes excitations of waves in the fluid(Alfven wave, slow, fast 
magnetosonic waves)

- Photon acceleration due to a GW
-
- ...
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Coincidence with LIGO--Nasu

• GPS: 821639626, (RA[deg],DEC[deg])=(159.86,+33)

• H1,H2 were in science mode in 10000[s] around the events

WJN J 1039+3300

WJN J 0951+3300

WJN J0205+4142

WJN J0202+4142

• GPS: 821119786, (RA[deg],DEC[deg])=(147.84,+33)

• Part of H1,H2,L1 data were in science mode in 10000[s] around the events

• GPS: 819627463, (RA[deg],DEC[deg])=(30.946,+41.7)

• H1,H2,L1 were in science mode in 10000[s] around the events

• GPS: 850991014, (RA[deg],DEC[deg])=(30.275,+41.7)

• H1,H2,L1 were in science mode in 10000[s] around the events

Detectors in science mode around WJN events
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LIGO organization of data analysis
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LIGO organization of data analysis

ExtTrigg Group
The group for Externally Triggered Searches.
Many participants from various institutes in the world.
o GRB
o SGR Flare
o High-energy neutrino
o Low-energy neutrino
o Optical supernovae
o Neutron star QNM
o X-ray transients
...
o Radio Analysis Group
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Radio telescopes to join

and NASU

http://www.astro.phys.waseda.ac.jp/index-e.html
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MOU between LIGOVirgo-LOFAR
• Introduction

• コラボレーションの目的と期待される成果。
• MOUで決めること。

• A. Description of Participating Groups
• LOFAR
• LIGO, VIRGO, GEO

• B. General Policies and Provisions
• このMOUはそれぞれが行う他との共同研究やデータ交換を妨げない。

• PIはそれぞれの機関にMOUを認めてもらう。
• C. Description of Planned Work

• LOFARはearly phaseのため計画の一部しか実行出来ない場合もある。
• LOFARのイベントリストについてpublish、unpublishに関わらず公開。
• LVCはGWイベント候補の天球位置、時刻を提供する。(follow-up of GW 

events by LOFAR)
• Pulsar glitchを含むデータの公開
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• C. Notes
• イベント解析が遅れてLOFARの検出したイベント候補についてLOFAR側の発表を
遅らせる可能性もある。(数ヶ月)

• D. Scope and Timeline
• 2010年夏から秋にかけて実施する予定。
• データ交換の中断もあり得る。

• E. Appropriate use of Data and Other Information

• F. Publications and Presentations
•
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Merit, demerit

Merit from LIGO side
o 共同観測を始める前に決めごとを整理しておけば後の議論が短縮できる。
o 既にMOUのテンプレートがある。
o 重力波検出から発表までのプロセスが見えるので混乱が起きない。
o 重力波の検出の可能性が高まる。

Merit of NASU side
o 重力波を検出した場合、喜びを共有できる。論文も。
o 人的な交流が期待できる。
DeMerit of NASU side
o MOUを作成するのに時間がかかる

NASUからの要請
o コインシデンスイベントに関して、LIGO側が解析している間(数ヶ月？)、情報の
プロテクションはNASUとLIGOにコインシデンスがあるという情報のみにかけら
れ、NASU側の他の共同研究に影響しない。
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Detection Procedure Workflow

R. Weiss (MIT)
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交流財源
住友財団基礎科学研究助成
http://www.sumitomo.or.jp/
2010年４月15日から６月30日
最大500万

稲森財団
http://www.inamori-f.or.jp/ja_fd_gra_out.html
明記されていない
100万

矢崎科学技術振興記念財団(ただし、テーマはエネルギー、新材料、情報)
http://www.yazaki-group.com/zaidan/kennkyu_jyosei/page2.html
６月１日～　８月３１日
3年で200万(一般)or 100万(35歳以下)

財団法人理工学振興会
http://www.titech-tlo.or.jp/
9月はじめと思われる。
20万

スカンジナビア･ニッポン ササカワ財団
http://www.swejap.a.se/SJSF/Templates/SJSFPage.aspx?id=880
1月半ば
100万上限

笹川科学研究助成
http://www.jss.or.jp/sasagawa/index.html
10月半ば
100万
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