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Masses in the Stellar Graveyard

in Solar Masses
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LIGO-VIRGO Observation 3 has been started.

New 4 BH-BH events have been detected.
LIGO-Virgo | Frank Elavsky | Northwestern



Observation Network for Gravitational Wave
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Why do we need KAGRA?

Antenna Paftern of Interferometric Identified Localization of GW Events
Gravitational Wave Detector

GW170104 1200 deg?

N\ [VT151012

GW151226 850 deg?

GW170817
28 deg?

by LIGO-VIRGO
GW150914 400 gog?

60 deg? ‘ s
GW170814 3 : LIGO/Virgo/NASA/Leo Singer

by LIGO-VIRGO (Milky Way image: Axel Mellinger)




Why do we need KAGRA?

Antenna Pattern of Interferometric
Gravitational Wave Detector
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60 deg?
GW170

by LIGO-V

KAGRA + LIGO x2 + VIRGO

By Kanda, Osaka City Univ.
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Why Underground? Why Cryogenic?

GWD noise budget r,, =771kw f,,=230 Hz

TAMA
noise level
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KAGRA LOCATION 200m underground
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Kamioka Underground

Seismic Vibration

We found that underground where is
deeper than 100m from surface

has drastically smaller seismic vibration

level.

In Kaomioka underground, seismic vibration
level is about 2 or three orders of magnitude
Smaller than that at typical urban area.

And seismic vibration level

in Kamioka underground is
about one order of magnitude
smaller than LIGO site.
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Seismic motion (Horizontal)
Kamioka
(CLIO perpendicular end)
(2005 May 10)
Kashiwa (suburb of Tokyo)
(2004 August 6:second)

Kashiwa

Over 2 order§ of







Cryogenic Sapphire Mirror and Suspension
(1) Thermal Noise Reduction  "Z™ ~ose x(w)Q xX /1 ¢

(bulk)
(fiber)

Moreover Sapphire @ 20K

Typical @ of sapphire at room temperature is ~10°

(2) Thermal Lensing

Wave-front distortion at input mirror at 20K

~ 10-11 [m]
Negligible

Gallium Bonding
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KAGRA

Cryogenic Syste
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. . Main mirror positions

14m
4-stage GAS filters

@ room temp
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Main Cryostat Duct Shield



Cryogenic quloaa
Cryocooler & Duct Shield ;‘.,‘ ‘ il iy
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Ultra-small Vibration
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Heat-Link Vibration Islatior



o o These bonding studies were carried on the
Sa pphlre CrYS'l'GI Bondlng Basis of collaboration work btw Japan and
Europe (ELITES program)

Ga Bonding

'Monding @KAGRA site™ a5
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Full Configulation
in Cryosiat

Heat Link Vibration
Isolation System

— Payload

.........

/YGO high
quality mirror

Wide-Angle Baffle ~ s



Started cooling-down

k from Apr. 10t /

All of Cryogenic Systems have bee installed.

e

/IXC i /EXC \

ITMY: 113K

Started cooling-down
from Apr. 10"

Will start cooling-down
from May 15

Started cooling-down
from Felb 22nd

\_  ITMY: 22K

Laser

3 km




Cooling Curve of ITMY

K1:.CRY-TEMPERATURE_IY_ PAYLOAD_ IM.mean

100

temp. [K]
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days since 2019-04-19 10:59:42 (JST)



bKAGRA phase-2 (full configuration)
€D 5RT

1§ Type-A system
&:_ Nov. 9
Nov. 30 ‘. - Cryogenic test mass
8 .o Sapphire, 23kg, 20K
' - Tall seismic isolator
Type-C system P + GASF + Payload

Y-arm

- Mode cleaner ‘_’
Silica, 0.5kg, 290K ™ @ @
- Stack + Payload pry PR3 PR2
BS
. . Sl W
@" e Wy va BRT

‘D I'TM ETM

&) \
G’SRM

Type-Bp payload @ ovnr
- Test mass and Core optics (BS, FM,..) - OMC
Silica, 10kg, 290K (.')
- Seismic isolator

Type-B system L%

- Core optics (BS, SRM,..

Silica, 10kg, 290K
- IP + GASF + Payload

I Table + GASF + Type-B Payload - Stack for aux. optics

19



Interferometer Commissioning

(1) X-arm Commissioning: Dec. 2018 (Done, at room temperature)

e Success full cavity lock  <- fine beam alignment was done.
e Cavity length: 2999.992(3) m

e Mode matching: 21%

e Round-trip optical loss: 86ppm

X-arm commissioning with full cryogenic systems
was started, and auxiliary green lase lock was done in 171 Apr.

(2) Y-arm Commiissioning: from Apr. 2019
(on going, at cryogenic temperature)

e Y-arm cavity lock was achieved on 18™M Apr. by
using auxiliary green laser and on 28™ by IR laser.
ITMY was stable temperature of 22K but ETMY was
transient state of cooling down of about 110K.




bKAGRA phase-2 schedule 2019/04/09

ITMX arrives ITMY arrives
Toyama Univ. 5/7 Toyama Univ. 8/27
I I I I I I
High Power Laser, IMC, IMM Output Mode Cleaner, OMMT, OFI

Green Lock System
I I

Y-end BRT X-front WAB & NAB [ V-end X-end
install WAB BAT
T

I Y-front WAB cooling test I :
| | | SR2,3|Minstall | |

E
Type:A

ITM* Type-A waer insta'l |ITMY Typé-A Tower ‘nstall Towdr
—EI'M; - Eu "e ETMY

Pcal install & ] =ecf I — J —— | dontr
] | Install Control Center, IJETMY
Beam Alignment

Pumping

Assemble|

Center,

MX Install IJETMX
E-l n Sta I I TMX Beam

Contrd

Alignment
4 arm CO
ETMX cooling Pumping * N‘f

Measurements X-end Pcal Xend Pcal tedt l
install ]

2018| Jan | Feb | Mar May | Jun | Jul | Aug SeplOct Nov | Dec

O3start O3end
2019 Jan | Feb | Mar Apr MayIJun Jul  Aug SepIOct NovIDec

DRFPMI| ASC/ Post COM.
OR 1 Laser power up .
FPMll | Post com. Mdie
AS j Baffle
Middle
Baffle

Center, I/ETMY Yarm COM. RFPMI COM.

Beam Alignment DRMI CPM. Fp

Pumping

1| ETMX Control, h/‘ I
ETMX -

gakle otu Alignment, -
ekt P Pumping couling

X-end X-end

WAB NAB N OW

| ITMX, I/ETMY cooling |




Major Schedule

e May, 2019: Y-arm lock by IR laser

e End of May: Fabry-Perot Michelson interferometer

e June: Dual-Recycled Michelson
Start Dual-Recycled Fabry-Perot Michelson interferometer
Engineering Runs

e SuUMmer: DRFPMI lock

e Early Winter: Join O3 with >10 Mpc sensitivity for NS-NS event



join O3

KAGRA will

in 2019.









advanced LIGO detected Gravitational Wave

Frequency (Hz)

Hanford, Washington (H1)

0.35
Time (s)

Livingston, Louisiana (L1)

0.35
Time (s)
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Primary Mass:

36.2 (+5.2 -3.8) M,
Secondary Mass:

29.1 (+3.7 -4.4) M,
Radiated Energy:

3.0 (+0.5 -0.4) M.,
Luminosity Distance:

420 (+150 -180) Mpc
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First observed binary neutron star GW170817
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LIGO-Hanford

LIGO-Livingston

-10
Time (seconds)

Primary Mass: 1.36 - 2.26 M,
Secondary Mass: R T
Radiated Energy: > 0.025 M,
Luminosity Distance: 40 (+8 -14) Mpc

Fermi-GBM detected
GRB170817A 1.7s after

GW170817.

This is first evidence to connect

between binary neutron star merger
and short gamma-ray burst




Inclination Angle of Binary System can be derived from GW Polarization

— To obtain both localization and Polarization, we need four defectors at least.

Jet for Gamma-Ray Burst Hubble Tension

WMAP1

B Distance Ladder A ACDM

2005 2010
Publication Year




Vacuum Sysiem

i DN1000 ga:e valve
To have sufficiently small laser-beam fluctuation ; S e

| DN400 gate valve

by residual gas, we need ultra-high vacuum of '

: BS : Beam Splitter

|

|

|

7 : MC : Mode Clreaner :

.| O_ P O | PRM: Power Recycling Mirror |
, " SRM: Signal Recycling Mirror :

e 3km x 2 Beam Tubes, WA b v
®800mm x L12m, 500 tubes

e 10 Major Vacuum Tanks

e 41 Main Cryostats
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Inner Volume : ~ 3000 m3
Surface Area : ~ 15,000 m?

Largest Vacuum System in Japan

(39 Largest in the World)




Ultra-Small Outgas Vacuum Tubes  Ouigassing Ratio
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