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Masses in the Stellar Graveyard

Public Alerts (until Jan. 15)

GraceDB — Gravitational-Wave Candidate Event Database

HOME | PUBLICALERTS | seamch LATEST DOCUMENTATION | | oow |

LIGO/Virgo O3 Public Alerts https://gracedb.ligo.org/

Detection candidates: 41

Until O2

e BBH : 10
* BNS : 1

(Candidates at 2020.Jan.15)

Dec. 13, 2019
15:59:05 UTC

NSIM (BSX), Terrestrial ( ) 1 per 1.5816 years

BBH : 29

BNS : 5

NSBH : 5
Undefined : 6

Teerestraad (5290, NSB (4900

about 1 event/week




GW Amplitlude  stong >EM >> Week>> - - - >>Gravily
~0.1 ~0.01 ~10° ~10-38

We need to detect gravitational wave amplitude of the order of
1024 (displacement of 10%m /1m) to do GW astronomy because gravity
inferaction is pretty small.

1024 = Z#2FE#in Japanese unit

~mm
This size corresponds to search a bead in our

Galaxy.
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Principle of GW Measurement by Michelson Interferometer

When length difference between both interferometer arms are occurred by GW,
leakage of light will be dropped onto CCD.
Practical 24 Generation GW Telescope

Dual Recycled Fabry-Perot
Michelson Interferometer <> ETM
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Principle Sensitivity Limitations of Interferometric GW Telescope
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Seismic Noise (< 10 Hz)
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Seismic motion (Horizontal)
Kamioka
(CLIO perpendicular end)
(2005 May 10)
e Iashiwa (suburb of Tokvo)
(2004 August 6:second)

Typicq‘l Urban Area
like NAOJ

We need ~ 1029 m/rHz
@ 100Hz

Underground $

in Kamioka Vibration Attenuator
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Vibration Attenuation Inverted (3).
[ ]

Observation band of GW telescopes: dozens — kilo Heltz Pendulum B
We need small vibration only at this band. (2)
- (1)

Pendulum & Spring consist a good mechanical low-pass filter [j

(2) Resonance o /
- Q | H(fo) |2 | l
0 FWHMA/
= GER\ ) r
E ! — N, — Jo@ To achieve sufficient vibration attenuation
c at observation band, we need to make
L o Low>=D filter vibration attenuator with the resonance
Q . -0 at low frequency.
Ll:z 001 .
- p=1/Q SiECE * 1Hz pendulum  =25cm
EO'OO]§¢‘F+ISF—FFJ—S#Ff+ HHH,",C,"#gL‘:T,i YHion — >\ = o O] HZ peﬂdU|Um — 25m
Q 9
= 5 Resonant frequency of pendulum

Frequency depends on only its length.



ldeas of compact Vibration Attenuator with low frequency

Geometrical idea
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Roberts’ Linkage X-Pendulum Folding Pendulum

Use of Buckling

“WWWA-0O >

Negative Stiffness Mechanism Geometric Anfi-Spring BET #2576, 2010, p1225
Ryutaro Takahashi
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Geometric Anti-Spring
Expanded

Compressed
Load

Large support
From ATC

magnitude

“Modeling and Simulation of Vibration Isolation System

-10
for Large-scale Cryogenic Gravitational-wave Telescope 10

—_ Amodel 0- ‘measuren;ent
LCGT)", 07 10t
fami)/—\ L%, BRAZ 2011 o7 o

EHEBE 7, 1IZ1mX, RRARAF, Frequency [Hz]
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KAGRA Main Mirror Upper floor @
Suspension System Vi

Frame-Free Suspension | -
We excavate upper-floors  4-stage GAS filters
and vertical holes for S @ roomlgmpe—rc”m‘re

\-2'\—-—“-‘—‘_ < .\.‘ Q '.

Vibration Isolation System.
Base of the VIS is put ‘ - o AN
on the upper-floor 4. Q

Main Cryostat Bl il




Ultra-small Vibration Cry?ge.nic Payload
Cryocooler & Duct Shield ‘ Thde 7

T 2

==
® *5& Heat-Link Vibration Isolator




Principle Sensitivity Limitations of Interferometric GW Telescope
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Cryogenic Mirror Suspension Temperature

Thermal Noise +— Acoustic loss

We found that single

crystalline sapphire has Sapphire @ 20K
very small acoustic loss

aft cryogenic temperature
Typical value of acoustic loss
Of sapphire at room temp. is
~]O—6

But We need to make this 5 R
complex structure with

monolithic sapphire condition

to reduce thermal noise of

the mirror suspension system.

» Main beam of
== f Gr iﬂnw P KAGRA |

Single Crystalline Sapphire Bulk




H dl’OXidG-CCﬂ'CIlSiS Bondin Very strong oxide-crystal contact

NaOH, KOH, Na,SiO;— kind of water glass

Hydration and Etching Polymerisation Dehydration

OH tons from the

bo'u!mb solution Silicate molecule
OH ions form weak hll bonds being released from
bonds with surfacg Si on the subtace ¢ bulk into the
atoms \ Booding solstion with- " bonding solution

ot of v OH joes K 3 10 O
oHQ"OH §:‘m‘).t on ", on ¢ ou oM
‘ OH .. & si {mu‘p si Lf\ll Ho_si (m 10 -si - o
m )

0 o 0 OH (e 1] O oH

Sood

Bonds between the S1 9
atoms and the bulk weaken
due to the extra OH 1ons
bonding to the Si atom

* Need high quality polish on contact surfaces, typically A/10 ~A/5
e Don't need to heat treatment

* Mechanical strength is comparable with crystal itself.
* This bonding technology was developed for SiO2 contacts.
But we confirmed that this is applied to other oxidized materials
(We confirmed to bond for Alumina and Stainless steel.)
* HCB keeps sufficient strength even at cryogenic temperature.
* |ts acoustic loss is not so small.

Semi-monolithic
sapphire suspension




Ultra-low Vibration 4K-Cryocooler System

I. Tomaru et. al.,Cryocoolers 13, (2005) 695-702
C. Tokoku et al., AIP Conference Proceedings 1573, 1254 (2014) Rotary-Valve Unit

IW Pulse-Tube Cryocooler , |
(Sumitomo Heavy Industry) — ————— |

Welded Bellows
Support Frame N

Id table

Valve Toblle H
at Link (5N Cu) | 1|
==

3
To Compressor

i |
~— 4

Bellows

A u




Vibration Specirum

0.5W PTC in CLIO

C— Original
—— Low Vibration
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Pure Al (5N) heat links are used. Pure Cu (5N) heat links are used.
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Frequency [Hz]




Very Soft 6N Al Stranded Cable as Heat-link

By 1. Yamada

7-wire strand
(60.15 mm X 7)

Thin wire

($0.15 mm) 49-wire strand

(00.15 mm X7 X7)

Spring constant of stranded P?

Cable is smaller than single k = N
Wire.

Thermal Conductivity of Heatlink

! FeN B ! A1100 (NIST)

---------------- T Stranded-cable type heat link (¢0.15 mm X7 X7 x7)

-~Size effect + 20171109
fitting RRR3118

« 20171011
—— fitting RRR2794

Extrapolation

* Result (Resonant frequency)

_ Area | 5N _| 6N __

Thermal Conductivity [W/m/K]

|

A0 ¢1mm single 0.8 mm2 64 Hz 64 Hz

1 45 wires strand 0.8 mm?2 9.6 Hz 9.8 Hz
10{00 : 101 102

Temperature [K] k o f

1/6.5

Size effect dominates conductivity Spring constant: 1/43 p



Observation Network for Gravitational Wave
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LIGO: 120Mpc HLV
VIRGO: 60Mpc s 130 de92

Event Localization

- Improvement of precision of

Luminosity Distance 0°
-15°

- Investigation of event distribution .

- Improvement of successful detection

by Follow-up observation R )
10 Times!

HLVK (8Mpc) HLVK (25Mpc)
72.7 deg2600 10.3 deg?
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KAGRA: 2.5nd Generation GW Detector

Ein{reiq Telescope (Europe), 10km
KAGRA Upgrade
in Near Future
Cosmic Explorer (USA), 40km
' 10km scale
e~ # Asian Telescope?
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Intern athnallzatlcn? Did you really understand my talk2

Should be no problem
Domestic Group 4m) Oversea Group

Scientists English Scientists

LCH’ge iSSU@ iS iﬂTemCH domeSﬂC grOUp To do fundamental impro\/emenf,
we need long-term education

. . from young age.
In the case of GW Science Project We need to expect improvement

Scientist: Japanese & non-Japanese of Japanese education system

Engineer: Only Japanese

e It is not so easy to have good
Technician: no

~ Communication in English

Student: Japanese & non-Japanese

=

Office worker: Only Japanese but fluent English speaker
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Hdl’OXIdG-CCﬂ'CIlSIS Bondln Very sfro'%ng oxide Eclzarysfol contact

KASAD—FE
NaOH, KOH, Na,SiO;— kind of water glass

Hydration and Etching Polymerisation Dehydration

OH tons from the
bonding solution Silicate molecule
OH ions form weak  fill bonds being released from

atoms

bonds with surfac§ on 3:?5“ ace ¢ bulk into the

/\ londing “,':, o] -A"_.' bondmb solution
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Bonds between the Si ¥ - . "j'7747"j'x’\.//i.x -

atoms and the bulk weaken

duc to the extra OH ions Semi-monolithic
DR e S sapphire suspermon
EREDRETIENLE, HERIZIEN10~N/5 Wy o | .
* Need high quality polish on contact surfaces, typically A/10 ~A/5 ) ‘
e Don't need to heat treatment ELEFRE BEERTOLD
* Mechanical strength is comparable with crystal itself. L REIFEE
* This bonding technology was developed for SiO2 contacts. OB -
But we confirmed that this is applied to other oxidized materials B AL R S % 355
(We confirmed to bond for Alumina and Stainless steel.) MEIZHEZ D
 HCB keeps sufficient strength even at cryogenic temperature. WEETLER S
e |ts acoustic loss is not so small.  #egpgigsk iz k=0, s




My idea is to use both Japanese and English Especially in e-mail.  4FIZemail !
TATT7ELTIFBRBLERERAZED

BIZEES AN 2EDORFRZFE->TLE
5 Ao 12 D ESBR A350% Writer/S pea ker Even if he/she spends twice time
EifgHEN (X

50% time saving 50% time saving
50% timefaving 50% tirge saving

Reader Reader

We can expect large efficiency in total
ke LTOMEFFERICKEL,

And above all, most important thing is to understand discussion by everyone.
BICkY., BARHNERHEESZ EN—FKE,




