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FIG. 4 (color online). Measured displacement spectrum and
theoretical thermal noise levels in fused silica cavities.
Measured spectrum became smaller than the previous two
measurements and coincided with the level of the coating

Brownian noise. (K Numata et al)

PRL VOLUME 91, NUMBER 26 (2003)
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FIG. 2 (color online). Measured displacement spectrum and
theoretical thermal noise levels in BK7 cavities. Other esti-
mated noises are also shown. Measured spectrum agreed with
the level of the substrate Brownian noise over wide frequency
range.
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FIG. 2. Displacement noise [S'?(w)] in the interferometer

with sapphire mirrors as a function of frequency f = w /2.
Curve “A” is the total measured noise; “B” is the calculated
thermoelastic-damping noise; “C” is the expected coating
thermal noise; “D™ is the measured shot noise; and “E™ is
the electronic noise in the measurement, principally due to the
photodetectors. Curve “F™ is the sum, in quadrature, of the
thermoelastic-damping noise and the shot noise. There are no
undetermined parameters in these curves. No fits to the data
were performed.

(E.D. Black, et al)
PRL 93, 241101 (2004)
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Observation of Gravitational Waves from a Binary Black Hole Merger

B.P._Abbott ef al.
(LIGO Scientific Collaboration and Virgo Collaboration)
(Recerved 21 January 2016; published 1 February 2016)
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[https://Iwww.ligo.caltech.edu]
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SR £ %38 E#UAI (EM follow up)

FTIXEIBLR AT,
"FREARDAIREMHEFEMNLTET
JAA—IZERAIMNYIBFS,

[arXiv:1602.08492v1 [astro-ph.HE] 26 Feb 2016]
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Virgo => Advanced Virgo

A—AY/N\NE&KDE AEEEHER (3 km)
(EXREHESME: Italy, France,
Netherlands, Poland, Hungary, Spain)

6 European countries
20 labs, ~250 authors

Virgo
= Virgo+
= Advanced Virgo (AdV)
20174 BAISHI—N AL ITREL.
REICENRZ=EHA

(Italy, near Pisa)

(RO Filter 2e1 Thttn: Ilwww. ego-gw.it/public/about/welcome. aspx]

Mechanical
Filters
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Figure 4 Fibers of WI reconstructed after the crash. According to local control data, the first fiber to

break was n.3. | | [VIR-0227B-16]
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Table of Payload Failures, updated to Oct. 11 2016

New
identification

| of failed fiber

Failed [Failed
Mirror |[Failure date [Time in air [Time in vacuum Fiber|Anchor typelLikely cause
WI (1st assembly) |[Nov 18th, 2015 |5 months |9 days 3 |old Anchor coll
NI (1st assembly) |Dec 18“1, 2015 4.5 months|5 days 2 \old Fiber/welding failure
NI (2nd assembly) [Mar 1“, 2016 |1 week 5 days \ 2 [new Fiber/rod failure
NE No failure 6 months [4 months (currently) new No failure
WI dummy th .
(15t assembly) Apr 257, 2016 |1 week 11 days 1 |mixed old JAnchor collapse
WI dummy No failure 2 days 2 weeks mixed old |No failure
June 25"
WI (2nd assembly) 5016 1 month |30 days 3 |[new Fiber/welding failure
WE (1st assembly)|Jun 28th, 2016 |7 months |18 days 3 |new Fiber/welding failure

[VIR-0454A-16]
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Various pieces from dust in towers

VIR-0505A-16
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10_19

Strain [1/sqrt(Hz)]
)
N

1 0-22

1 0-23

1 0'24

Steel wires 0.3 mm diameter
— — Loss angle 1e-4
Loss angle 1e-3
AdV design
i Hz
10 100 1000

ADDIATIT—MNETRF—ILTAVYTHRLN, SV I=U T ~BIT
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GW170814: Virgoz il Z =35 [A) BF &R Al

Hanfqrd

Livingston Virgo
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,_
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PRL 119, 141101 (2017)
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GW170814: Virgo® = ik
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GW170817:RIIF Ay D —RXF

CILF AV Dv—RXF EH OB F R TRIFFICRAAARD A
Normalized amplitude
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16h 1 8h
IPN Fermi / DLT40-205d 500
ermi — ]y
INTEGRAL m\n LIGO-Livingston
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3 =
. S 100
. S
-30° e Y ) /30°
/f' ; = 50

500
[The Astrophysical Journal Letters, 848:L.12 (59pp), 2017]
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PRL 119, 161101 (2017)
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Phase Camera

Frequency selective wave front sensor S5 O S [~ L B AEE D

¢ Heterodyne detection RS DOL—F—%E
¢ Beam scanning with pin-hole detection WELLTREERITES
Phase IFO 1 \ : : -
Modulation (Pick-off mirror in IFO)
\ EOM \
O f . ) Test beam

BS ith sidebands: fp)
\ _ Demodulation

fH, fH+fp, fu-fp

Y

Pin-hole

\\
Reference beam

0 f, (Frequency shift by fv)
Scanne

4\
1
\l4

LE:S s _
0 LE5)
45 042
) 043
0 0.3
E" 0.3

075 -0 0%
14085

Mapping of amplitude and phase
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Setup In AdV

Reference beam
R
O©r=®)

[ O—
| |
| |

CO2 laser

b
Laser EOM 2 Mm

-
b Ty —n— F ‘
- v = & = [l .

FE 3 -|
— fl= 6.270 777 MHz :Arm cavity control (common) T %ﬁ_(
»

— 2= 56.436 993 MHz ‘ SRC

Q
_ : L 4 ¥ Phase cameras are placed on
— = : PRC
B3 8.361 036 MHz OMC three detection ports
— 5= 2238 MHzZ : Input MC PC_EPRB: Power recycling
. i * cavity [f1, f4]
Five sidebands are used PC_EDB: Output beam [f2]

2018/6/7 By PE 22> L S S Al i = 50



IbT YT DT

2018/6/7 P PEF 2 I 3L A Dl = 51



BEALEIEDLMBAAS

6.270777 sb o carrier

22.38 sb

4000

njo,casfilz.ﬁz.ﬁsiﬁnxt @ |

|

e |
4000-3000 20001000 0 1000 2000 1003 W00

004 A
AC00-3000 20001000 3 1000 000 2000 4000

x [microm] x [microm] x [microm]

_TEST_PwRa_Tivg

TR e 7900 31 T

databsphay v#r 1219 ¢ starter by swinkrls om Nov 25 2016 19:39:08 UTC ]

WIRC TEST MAADEY_ MW VIPC_TEST msaEz puw

2018/6/7 By PE =2 L 3 A Pl = 52



1ﬁ$ﬁﬁ)‘5®§ﬁﬁ

PR gam measurement trial (Virgo Logbook: 35707)

State USB CAR LSB
CITF @ PRC Locked: 850e6 325e9 700e6
<I;/IICH @ PRC Unlocked : 835e6 52e9 700e6

Boo-

i‘-- . -' f PR gain is about 6
*Mﬁ XTAODEJM’EEEE.E (V §b00k 35889)

TCS_NI_COZ_PWROUT
=}

02 I T
0 5000 10000 15000

Time [s]

Comparison with PDs => PC found a saturated PD

YA (FHEEEBID -6 DEKITEERR) DEMICEI — 8A DEAI~
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LIGO
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™ I I

Il
1 Jan l]m l]m l]m l]m lIm lhn lhn 1 Jan llm
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— )l

B Early
B Mid
B Late
Il Design

[arXiv:1304.0670v3 [gr-
gc] 9 Feb 2016]

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Time
Advanced LIGO Advanced Virgo
10‘21 ......... 1{}‘2‘? i e W A s e T e
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- | Mid (2016-17, 80 - 120 Mpc) - .| Mid (2017-18, 60 - 85 Mpc)
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LIGO-VIRGO Joint Run Planning Committee
Working schedule for O3

(G1800889-v4)
2018 2019
May ' Jun Jul  Aug Sep ' Oct ' Nov  Dec Jan 'Feb ' Mar ' Apr May >

un 28th, 2018: 15t O2 replay data challenge start

Sep 10th, 2018: 2nd O2 replay data challenge start

17 170012 1st, 2018 Low-latency software under management control

H1 - Commissioning EFI:; Commissioning E-
I s o
Vil’gO Commissioning EFIB Commissioning E-

Detector operational,commissioning mode Detector not producing data
(small fraction of observing mode time) (Downtime)

- Detector in observing 24/7 ob . d
observing mode

mode for a fraction of the time i -
during Engineering Runs (ERs), {Observing Run, Open Public Alerts)

EM alerts possible (best-effort only)

2018/6/7

P PEF L JLRE X A FF Rk i =

55



Einstein Telescope (ET)

EINSTEIN TELESCOPE
glfaVifatiqnaI_ wave observatory : i,
- ' CENTRAL FACILITY

: 0 p
e -

- DETECTOR STATION

END STATION

Length ~10 km
-

SEVENTH FRAMEWORK
PROGRAMME

« TUNNEL @ ~5m
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LISA mission

eLISA: The Mission

eLISA Mission

Earth

Gravity is the inant force in the universe.
c -——, .
— 10-30°
T T : —~

Sun

> : ‘-\_\_.\__\--
Daughter Daughter
S/C % : f S/C

from 2nd
laser
source

Phase Meter
measurements
and laser control

Telesco

\
)

s,

‘ ESA prOJeCt \\&\?esa 1 million km / —6—[]“—1——.‘ \X I million km I
(European Space Agency)

F

Optical
Bench

SC/8C

¢ NASA has joined again (\%@/} \7
¢ Arm length: 1 million km (EEE Thiusters

¢ Optical transponder
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HTEER BT 2 (LISA pathfinder)

L.a missione PATHFINDER

Gli scienziati europei lanciano nello spazic la sonda LISA PATHFINDER con ['obiettive di dimostrare la fattibilita dell Osservatorio eLISA

Paving the way

the limit: Airbus Defence and Space
ned and built the spacecraft and
A Pathfinder, thi
he most ambi
to date: proving key elements

L'OSSERVATORIO SPAZIALE eLISA

COME SARA FATTO
‘Agenzia Spaziale Europe: . e Ao Tre satlit 0 o
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TERRA (i
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~— 8ol |
Osservatorio eLISA . r panel

Tost mass

[ —

Optical banch

Getting there

e
ILCUORE TECNOLOGICO

DELLA SOND/

Allintzrno defla s00da e dus masse di prova 3 ' -
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Uncon sistema eistirostaticn G

2 otico ol & controll ¢ due masse. pertettaments immotib ol ko

Funa alfaltra, 3 meno di piccolissime dewationi che sard possifile monitorare e misurare . at dall Agenzia Spazial
/ i istituto Nazioale ol
/ ~— wiano 3 guidare fa ¢

emmerr

Propulsion module

© AIRBUS

DEFENCE & SPACE

5 > LISAISKRO NS INEE/AXD
| TR T | EKREZERLTLES!

151 L i

1]

fi

Ay (%) [PRL 116, 231101 (2016)]
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1916 EAHKDFE (A. Einstein)
1959 #HIRFE 7 TF+ D FEEA (Joseph Weber)
— 1968 EARMBREHBI?2D=21—X => [E1ELY

1962 AT IV T HEDOFRRBT7ATT
— M.E. Gertsenshtein and V.l. Pustovoit

1971-2 L—H—Fh5HICLHEHAEZDERFRLERX
— Robert L. Forward (Weber® 5 +) @Hughes Research Lab.
— Rainer Weiss @MIT

1980’-2000 AR THEHBIZLHBE M HRE
1992 LIGO(FZAUA MW KRB FEER
1993 Hulse & Taylar B/—NJLE (FE 7RO EEEEHL)
1999 TAMA300M tH RExE R E
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2018/6/7 PP S Rl = 61

AIP Emilio Segre Visual Archives



NSF

[1992F RHEEEDERICHFIRF->TURDZEDIREZRD
Fzo REGIVRIDH DI JRIZEOTERRFEIET HMHT
Z. BB OEFICEVLWTRENMERD - —Tliond, |

KOV THMBEEARRERDEESR RIS WERST-,
EEMI/NMNERGE IOV I ZIELTE-OMANSF, TnEES5E
BHEADREERN11{ERIL($91230EM) DBEEITENZER

7"51)7":(31'3:0
[ B #HE]
BIEAIT. ..

Virgo: 300 Million Euro (#3400{Z)
KAGRA: #J160{EH

KF—LIFKEILFFEE (NSF) N EEEMESZ(T. BffTICES
ZMMNTTE, MBI NREIIIEEREMIIXREL) R IFZo1=
M. NSFIFXYRIFEEDBERE T 1E5ET,

]

2018/6/7 By P Z LT S T e

62



2018/6/7

(%(iﬂﬁ AEI’JMM)

B EEZ LA E S A =

63



i EEEL
wt.hﬁu DD e b

B EEZ LA E S A =



2018/6/7

12T DERZIFA

B EEZ LA E S A =

65



HAREDELY

F—LAN—(ERHEE) NS EFE

B AN, _ :
R HBAL A
IFAET7 A - s . 144

-

A< =
. -*? ;
i \;. I / s N I |
‘L ! : 1. ;" i |
\ )c.‘,_| 1
L1 A8 i
! '_1 -

2018/6/7 P PEF 2 I 3L A Dl =



HAREDELY

« KIEZLOoMYERD GRRATHLERA2:EfE)
« WIFFICIERICIRS
s TEDEXIELETEICES

(PBIEFEEPCSLELLTECELDNEN . FE%F
ARG LT EAN)
s WMEMLTEREZFEDLLZLN-EHEL

\ g

ARV R D) =138 |

2018/6/7 P PEF 2 I 3L A Dl = 67



HAREDELY

s BmDAEREMEDSS

« KD (KL WIET S

— 9 CIZELIZEGL

s BEMNKLEINARFYTEINDG) EELHD
o [EIFEL(19FF~208FIZIX)EHES

« EAEI:

2018/6/7

ZN: Db T bit; S AN AV )

¥

ARVAZIVIGAETEE !

B EEZ LA E S A =

68



PF

« A

B=5
U, £ RRELASBREIEIETARODANINIL

|‘r

/11

EFIREDORE - FEEADTEROILEDHY

FEREORE - ZRTAY—EXDERT

BN TEE. BATHEESONSEN, . |

H—ERXADPR HICERIZGEACENFTEIREDUE
[ZD7EHN 5
(FHFICEERIZEHWVEXRZLAELY)

2018/6/7 By P Z LT S T e 69



/ﬂ%_&._,i.?@:lv

¢Google NHNIFFFRFETERLK &%

¢BHARAZZRDITTET AL
(EZIK'CIJZ%@'LT( HEZHTWWAR)

EIKDETHD (not B=E. not BE7E)

(unl

Hope Step Japan
(RIAKREBXEERTTAT)

2018/6/7 By P Z LT S T e a 70



TN TAH

ANV

o A=V RAFEHFRE ERXLEE
- mEFRXENZL

« FIoBLERLHAGEEHY (XIFXRE)

m Ay

e MK (EFESiEFECTHEBAIIZEET)

« JLEY (FEE LG

o KBTS (BIFZAFHASIN TS EILESLLY)

2018/6/7 By P Z LT S T e 71



FEH

BlLyvH
e FETPTUVIRE. RULVARIREE

e NEDPEENEIRTOF—LT—IDIRER
e HILWLWAIRFEZAA(BARADZ A Z=ZTAED)
CARY =

o AFRIRBIIELIEAL
(A3 —2 v +GoogleDEM T THR{ELL)

« BRDAEIZIHELIZLLY
GELVVFRBEZEINSEZHFF)

2018/6/7 By P Z LT S T e 72




2018/6/7

EANBIZIE BN TEKERNTET

EFICEMHT-

BANE B!

B EEZ LA E S A =

73



	欧州重力波検出器Virgoでの�研究と重力波観測　�～海外での研究・ 生活について～
	2017年　ノーベル物理学賞
	初観測以前の重力波業界（主に国内）
	重力波の初観測、そして相次ぎ2例目
	2016年 2月11日（12日）
	初観測から発表に至るまで
	重力波の初検出って何がすごいの？
	重力
	重力
	重力と潮汐力
	重力波
	重力波源
	宇宙のうぶ声を聞く
	重力波の間接的存在証拠
	重力波のまとめ
	重力波の振幅
	干渉計による重力波の検出
	光学系の改良
	現在の干渉計の主な雑音源
	現在の干渉計の主な雑音源
	地面振動
	懸架装置による防振
	鏡の熱雑音
	振り子の熱雑音
	冷却による熱雑音の低減
	防振系の改良
	量子雑音 （散射雑音）
	量子雑音（輻射圧雑音）
	標準量子限界(SQL)
	世界の重力波検出器
	初観測の論文
	LIGO
	初観測データ
	いきなり天文学
	Nikhef グループの貢献
	重力波の飛来方向
	電磁波による追尾観測（EM follow up）
	Virgo => Advanced Virgo
	アクシデント
	スライド番号 40
	原因
	スチールワイヤでの代替案
	GW170814: Virgoを加えた3台同時観測
	GW170814: Virgoの貢献
	GW170817:マルチメッセンジャー天文学
	M1の皆さんに問題
	GW170817:マルチメッセンジャー天文学
	Nikhef グループの貢献
	Phase Camera
	Setup in AdV
	セットアップの様子
	導入した3台の位相カメラ
	位相カメラの貢献
	今後のスケジュール
	今後のスケジュール
	Einstein Telescope (ET)
	LISA mission
	技術試験衛星 (LISA pathfinder)
	光学望遠鏡
	重力波望遠鏡の展開
	検出器開発の歴史
	NSF
	海外での研究・生活�（あくまで個人的感想）
	オランダ生活
	イタリアの夜ごはん
	日本との違い
	日本との違い
	日本との違い
	働き方
	海外生活のコツ
	ジョブハンティング
	まとめ
	若人よ、海外へ！

