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Current Status of KAGRA

First cryogenic test run with 3-km Michelson
Interferometer successfully done in May 2018

Almost all the optics installed in vacuum

- Cryogenic sapphire test masses

- Signal recycling mirrors

- Output faraday and output mode cleaner
Successful completion of
X-arm commissioning

last week

Y-arm and dual recycled "4 )
Michelson commissioning ». [ _Zotes
starts this month rime 5

Working hard to join O3 2
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KAGRA Project

« Underground cryogenic interferometer in Japan

« Funded in 2010 @
* 97 Institutes, 460 collaborators (162 authors)
as of Sept 2018
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KAGRA Site

« Located inside Mt. Ikenoy
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Interferometer Configuration

« RSE Interferometer

Resonant Sideband Extraction

* Cryogenic sapphire

test masses 'MC

Laser

(180 W, 1064 nm)

3 km
>

PR3

SR3

P22 cm xt15cm
| 22.8 kg
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Design Sensitivity
« Binary neutron star (BNS) range 153 Mpc
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Comparison with aLIGO and AdV

 Comparable to aLIGO and AdV
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KAGRA Timeline

2014 Tunnel excavation done

2015 Inauguration of initial-phase facility

First test run at room temp. (IKAGRA)
PTEP 2018, 013F01 (2018)

2016

2017
First cryogenic test run (Phase 1)

N 7o kkkkkhkhkkkhhkkkhkhhkhkkhkkhhkhkkikkik
arXiv:

2018

2019} . Expect to join observing run O3

2020

10


https://academic.oup.com/ptep/article/2018/1/013F01/4817346

Observation Scenario
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Living Reviews in Relativity 21, 3 (2018); updated version available from 11
https://qit.ligo.org/publications/detectors/obs-scenarios-2018/blob/master/Figures/ObsScen fig2 v12.pdf



https://link.springer.com/article/10.1007%2Fs41114-018-0012-9
https://git.ligo.org/publications/detectors/obs-scenarios-2018/blob/master/Figures/ObsScen_fig2_v12.pdf
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https://link.springer.com/article/10.1007%2Fs41114-018-0012-9
https://git.ligo.org/publications/detectors/obs-scenarios-2018/blob/master/Figures/ObsScen_fig2_v12.pdf

Target Sensitivity for O3

* Aims for 10-30 W input, BRSE with R_SRM = 70%

I BNS range
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If KAGRA Joins O3

* Improves sky coverage, network duty factor, source
parameter estimation

Some parameter degeneracy can be resolved with
four detectors (e g polarlzatlon)

0.8

0.6

0.4 )
0.2
Calculation i
by S. Haino ol—— |
(GW170817-like binary; 1 10 14

L: 120 Mpc, V: 80 Mpc, K: 20 MPc) 90% Sky Confidence area (deg?)



Test of GR with CBC Polarization

* Fourth detector necessary to distinguish four
polarizations H. Takeda+, PRD 98, 022008 (2018)

« Number of detector matters!

Y Y X

error reduces to < 1 with KAGRA
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.022008

A Lot of Progress in 2018

Apr-May: 3-km cryogenic ETMY
Michelson operation
(Phase 1)

IME ITMY

ITMX ETMX

Laser

PR3

BS
Nov 9: All sapphire mirrors SRz
Installed

Nov 10: PSL locked at 40 WSR3

Dec 10: All main optics
Installed

Dec 27: OMC and OFI installed

16




Phase 1 Operation

First test run with a cryogenic EEETVY

mirror « \

AN
Characterization of suspensions|* Cooled
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Phase 1 Operation

Sensitivity at 3e-16 /rtHz @ 100 Hz

« Gained experience in aligning and operatlng
cryogenic interferometer '

ws [KAGRA
= HKAGRA Phase 1
- Actuator noise

- Angular noise

—— Frequency noise
- Seismic noise

ETMY taken by
,.; PD dark noike telephoto camera
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Installation Progress: PSL

o ETMY
Pre-stabilized laser system T

fully operated at 40 W Pre-mode cleaner
Nov 9, 2018 == o

|
RF AM

generation
system for lock
acquisition

Frequency b
teference Al ot 55 . e
cavity



Installation Progress: PCal

Photon calibrator
Installed to both ends

TMY

Receiver module

E‘W Perisc
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~Installation Progress: Cryopayload

g ETMY
| \ ITMX & ITMY
L /5 Installed

ETMX

21




Installation Progress: SR Mirrors

TETMY

ETMX

recycling
MIrrors
Installed

. W 2-inch SRM
e _’ € with 70% OFI
PLNR reflectivity for

| N lower power OMC
R T4 operation 22




lon Progress: Output Optics

OFl & OMC

B | installed
1 SRM

PLS,
~N
— 23




Installation Progress: Baffles
Narrow angle baffles, ETMY
Wide angle baffles “
3 of 4 installed

- IMC

ITMY

%i




Both transmission ETMY
monitor system mstalled

| o W ,a- \5 ITMY
-&. 4.

Installation Progress: Trans Mons
S | ITMX ET

oF
o
.




Commissioning Schedule

« X-arm commissioning completed

2018 2019
9 10 11 12 1 2 3 4 5 6 7 8 9 10 11 12
X arm Yarm » EPMI Noise
A ASC hunti
untin
§ hf DRME) RSB poeriup e
b X, 1Y, EY
and lock coolin
(Oct 19) JEX
cooling
2 hour lock
(Nov 8)

longest lock ~ a day
(Jan 2)
Switch from green to IR

(Dec 2) %i 26




X-arm Commissioning

« First test of arm length stabilization system using
green beam

« Simpler configuration than aLIGO

» AuX AI_Q_IMI
- =
\Greenx
PLL Servo \
IMC __ ‘9
PRM PR2 B

Laser = ITMX ETMX
A I"'I /> I // I
y 7/
BS

_< «~ PR3 X arm
IMC :] —

Servo CARM
Servo 27




X-arm Commissioning

« Successfully switched directly from green lock to
IR lock

green locked switched to IR
C 12 l i |
. 9 1:_ | L I-—‘u.ru"';-"ﬁ_.)n_‘r.*,ﬁ DRI
% 08F ' _green |
é i transmissio ission
so6 ||
Ns +
C § 04
O RZI IR
= 2Rl i
i resonance
S e . e
< 0 20 40 80 80 100 120

Time (s) 28



X-arm Commissioning

« Successfully switched directly from green lock to

102 R IOCk CARM NoiseBudget

mSum

== (Green noise
101k IR noise

Frequency noise [Hz/rtHz]

o —

frequency [Hz]

=  Segismic noise
== PLL noise
Measured

FWHM
33 Hz

ETMX

29



X-arm Characterization

* As expected, less than 100 ppm roundtrip loss

_______ Design ___|Measured ___

Finesse 1530
ITMX transmission 0.4 %(+0.1 %)
Mode matching

Roundtrip loss < 100 ppm
Arm length 3000 m
Transverse mode 34.80 kHz
spacing

Finesse (Green) 52

Mode matching (Green)

1411+2+30
0.44 %

91+1 %
8613 ppm
2999.990(2) m
34.79(5) kHz

41.0x0.3
~70 %
30



Data Sharing and Analysis

« Low latency h(t) sharing with LIGO and Virgo
- data transfer test in June 2018
- 4 sec h(t) transfer to be done in ~Feb 2019

« Data analysis tools, detector characterization tools
also under development with great help from LV

Low latency

data analysis
LSC Scientific

oom \/ )

Data storage
center

(Osaka) (Kashiwa)

ooooo



Observation Scenario
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https://link.springer.com/article/10.1007%2Fs41114-018-0012-9
https://git.ligo.org/publications/detectors/obs-scenarios-2018/blob/master/Figures/ObsScen_fig2_v12.pdf

KAGRA Upgrade Study

« Upgrade study formally started in December 2018
* Future Planning Committee formulated
« Science case study and technical feasibility study

on going
- High power or low power ?g =7 B
- Sapphire test mass size * heat
- Sgueezing B extraction

&h2ll: through

- KAGRA as a 4th detector : 3
= = fibers

P22 cmxtl5cm

1 228 kg 33



Possible Near Term Upgrade Plans

« Based on technical feasibility, facility and budget
constraints

30 m
filter cavity
1./ (5 dB SQ2)

High power
(340 W, 6 dB SQZ)

103 Y. Mlchlmura+
PRD 97, 122003 (2018)4
frequency (Hz) JGW-T1809537  °



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.122003
https://gwdoc.icrr.u-tokyo.ac.jp/cgi-bin/DocDB/ShowDocument?docid=9537

Possible Longer Term Upgrade

 Reaches BNS range of 300 Mpc by combining
technologies (twofold improvement)

1024 100 kg, 340 W, 30 m fllter cavity (5 dB SQZ)
101 102 | | 103 Y. Michimura+,

PRD 97, 122003 (2018):-
frequency (Hz) JGW-T1809537  -°



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.122003
https://gwdoc.icrr.u-tokyo.ac.jp/cgi-bin/DocDB/ShowDocument?docid=9537

Possible Longer Term Upgrade
 Comparable to A+ and AdV+

"1l 102 103 Y. Michimura+,
10 10 10 PRD 97, 122003 (2018);.
frequency (Hz) JGW-T1809537 O



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.122003
https://gwdoc.icrr.u-tokyo.ac.jp/cgi-bin/DocDB/ShowDocument?docid=9537

Summary
« KAGRA Is an underground cryogenic GW detector

« Almost all the installation works completed
« X-arm commissioning successfully done
e So far so good for O3

« KAGRA upgrade study formally started

 Different approach for the upgrade might be
required for KAGRA

KAGRA collaboration, Nature Astronomy 3, 35 (2(3}9)


https://www.nature.com/articles/s41550-018-0658-y

nature

astronomy
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KAGRA: 2.5 generation interferometric
gravitational wave detector

KAGRA collaboration

The recent detections of gravitational mm{ﬁwﬂrﬂporhedhyﬂlnuﬁomd?i-gneulihuﬁomhavem#ei significant

impact on physics and astronomy. A global network of GVW detectors will play a key rolein

ring the ture of the

sources in coordinated observations with astronomical telescopes and detectors. Here we introduce KAGRA, a new GW detec-
‘for with two 3 km baseline arms arranged in an ‘L' shape. KAGRA's design is similar to the second generations of Advanced LIGO

and Advanced Virgo, but it will be operating at cryogenic temp

tures with sapp mirrors. This low-temperature feature is

advantageous for iwmﬂgﬂtesmsiﬂntymndlmﬂlmd is considered to be an important feature for the third-generation
oW t (for

the Einstein Telescope of Europe or the Cosmic Explorer of the United States). Hence,

mlmisoﬁmeilledaZS-gmmﬁmﬁﬂdetmhasedon laser interferomatry. KAGRA's first observation run is scheduled
inlate 2019, ihhghjohﬂte&idnbmﬂmnlmfh advanced I.IGD—\‘Irgnllelmrh When operating along with the exist-

ing GW detectors, KAGRA will be helpful in locati
higher precision, providing

eeing 15 believing. We were reminded of this proverh when

we received the news of the discovery of GW150914, the first

direct detection of gravitational waves (GWs)'. The existence
of (7'Ws has been believed since Russel Hubse and Joseph Taylor dis-
covered the binary pulsar PSR B1913 + 16 n 1974 (ref. *). The long-
term radio observation of this system has shown that the observed
orbital decay s well described by the energy/angular momentum
loss due to GW emission as predicied by Einstein in 1%15 (ref 7.
However, the direct detection of GW's had an extraordinary impact
not only on the sclentific community but also on the general public.

The first five GW sources™ were identified to be hinary black
holes (BHs). Thelr masses range between 20 and o0M,,, which 15
heavier than known stellar BHs in our Galaxy. In addition to the
confirmation of the existence of hinary BHs, which 1s one of the
sclentific achlevements of GW detection, more GW observations
will allow us to better understand the formation and evolution of
binary BEHz.

The latest event GW170817 (ref ") was a long-sought-after
binary neutron star (N5} merger event. The distance and location
of GW 170817 were narrowed down 1o 40 +8 Mpc and about 30 deg”
In the sky by the LIGO-Virge™" observation, allowing astronomers
to identify eleciromagnetic counterparts and the host galaxy (NGC
4993)"". Furthermore, afterglows from the merger remnants and
later outcomes via various baryonic interactions were observed by
the telescopes on Earth as well as space satellites from radio toy -rays.

All these discoverles are success stories of long-baseline laser
mterferometers as a highly effective tool to explore the Untverse via
GWs. LIGO consists of two 4 km Laser interferometers in Livingston,
Loutstana and Hanford, Washington in the Untted States. Virgo 1sa
3km Interferometer located in Plsa, Italy. Coincldent signal-extrac-
tion analyses of these three detectors can eltminate false detections
due to notse, and by using triangulation, the source location in the
iy can be determined within several tens of square degrees. For a
mare precise source localization and source parameter estimation,
It 1= essentlal to extend the global network of GW detectors, with
KAGRA belng the next to come online.

tely and determining the source parameters with

ng G
for follow-up obseniﬁensol‘ GW tligg\er candidates.

Figure | shows the location of KAGRA in Kamioka, Japan. The
Interferometer shares the area with the well-known neutrino detec-
tors Super-Kamiokande and KamLAND. Kamioka is a small town
located 1.5 hour driving distance from the city of Toyama, with s
baggest claim to fame being an old mine.

Compared with existing laser interferometers, KAGRA Is tech-
niologically unigue in two features. Firstly, it 1s bocated in an under-
ground site to reduce selsmic nolse. Secondly, KAGHAS test masses
are sapphire mirrors that are designed to be operated at cryogenic
temperatures (- 20 K) to reduce thermal notse. KAGRA 15 a resonant
skdeband extraction interferometer’™, and quantum non-demolition
technigues” are planned to be applied to beat the standard quan-
tum limit of displacement measurements. As a result, KAGRA 15
expected to reach & sensithvity equivalent to those of Advanced
LIGO and Advanced Virgo; that 15, 23 1072 /Hz ~'at 100Hz.

Milestones of KAGRA construction and operations

In Japan, plans to construct interferometric GW detectors started in
the 1980 In the early 19905, the Institute of Space and Astronautical
Science (ISAS) and the MNational Asironomical Observatory of lapan
(MAQT) constructed a 100 m delay-line Michelson interferometer
(TENKO-100)" and a 2 m Fabry-Perot Michelson interferometer™,
respectively. TENKO- 100 realized light paths that were 102 times
longer than the arm length (the aguivalent of 3 10.2 km arm length)
and reached a senstivity of 1.1 1077/ TIT ~' n the frequency
range of 500 Hz-2.5kHz.

In 1995, the construction of a 300:m Fabry- Perot Michelson inter-
ferometer, called TAMA {or TAMA300)', began in the Mitaka cam-
s of the NAOL The name TAMA originated from the area where
NAOT 1s located. Afier three years of commissioning, the TAMA
Interferometer was operated for the first ime m 1998 with a sensl-
tivity of 53 107" -/Hz ~. In 2000, the 40m prototype of LIGO was
bault, bust the 1998 sensttivity achieved by TAMA remained unbeaten.

In 2001, TAMA was successfully operated for more than
1,000 ours (ref. ') and n 2002, it also took part In & jolnt operation
with LIGO% second sclence run (52) for two months, TAMA was

A full list of authars 2nd affiliations appears at the end of the paper.

PERSPECTIVE NATURE ASTRONOMY

Fig- 1| Location of KAGRA. & Concept image of KAGRA: 2 3km cryagenic
interferometer insde lkenoyama mountain. b, KAGRA is located in
Kamioka, Gifu, lapan, which is bocabed 220 km northwest of Tokyo.

Cradit: 2018 Data 510, NOAA, US Navy, NGA, GEBCC, Data Jagan
Hydrographic Association, Landsat/Copernicus, Map data ©2018
Gaogle, ZENRIN

planned as a prototype to develop fubure technologles for a kilome-
tre-scale interferometer that included a power-recyding system and
a selsmic atlenuation system. TAMAS final (and best) sensitivity of
135 107 +/Fz " was obtatned at around 1 kHz.

TAMA was located in the city of Mitaka, a suburb of Tokyo. In
the frequency band below 100 Hz, therefore, significant selsmic nolse
due to human activitles in and around the mega city was inevitable.
To overcome the large selsmic nodse, 1t was decided to put a planned
fusture Interferometer underground. An old mine In a3 mountain in
Kamioka was selected as the site of this new interferometer and exper-
iments for eardy commissioning began. The Laser Interferometer
Small Observatory in a Mine (LISM)* project (2000-2002) browght
a20m Fabry-Perot interferometer from NAOT to Kamioka and con-
firmed that the Kamioka site 15 bess affected by selsmic nodse than
the Tokyo/Mitaka area. The LISM and TAMA growps performed a
simultaneous observation and the first veto analysis, which aims to
remove false triggers cawsed by the instrument™ ™.

The Cryogenic Laser Interferometer Ohservatory {CLIOY was
comstructed next in Kamioka from 2002, CLIO was an interferom-
eter with two perpendicular 100m arms and sapphire mirmors were
nstalled and cooled down to 20K, The operation staried in 2005
and the expenments continued untll 2010, This system reduced
varkus thermal nodses and the selsmic nolse was bwo orders of mag-
nitwde lower than that of the Tokyo area

Although vartous experiments showcased the possible sclentific
achlevements of the project and the plausibility of fundamental
technologtes, the proposal for developing a kilometre-scale cryo-
genic GW detector rematned 1n hmbo for many years. This was
mainly due to the fact that there was no GW detection reported
In 20005, Without a detection, the proposed kilometre-baseline
Interferometer concept Large-scale Cryogenic Gravitational wave
Telescope (LOGT )™ was constdered to be too expenstve and too
risky. The wind started to blow favourably when Takaaki Kana
became the director of the Institute for Cosmic Ray Research (ICRR,
Untversity of Tokyo) in 2008. Realiring its importance, he dectded
1o lead the GW project by his own account, which was the slarting
point of the current project. The LOGT project was finally approved
In 2010 with a starting budget of IP¥14 billion (US$150 million) for
construction, and the excavation of the tunnels in Kamioka began
In 2012, afier an one-year delay due o the 2011 Tohoku earthgquake.
During the construction, LOGT was given Hs nikckname, KAGHRA,
chosen from a public naming contest. The name KAGRA 1s taken
from KAmioka (the location) plus GRAvaty; it 1s also similar to the
Japanese word kagura, which is a type of traditional sacred dance
acoompanied by music dedicated to gods.

After a two-year excavation and another two-year Gacility instal-
lation period, KAGRA performed a test operation tn March and
April 2016 with a stmple 3 km Michelson interferometer configura-
ton, called (FAGHRA (initial KAGRA)™.

The strain sensitivity of IKAGRA was limited by selsmic nolse
below 3 Hz, by acoustic notse over 100Hz to 3kHz, and by sensor
nodse at 3-5kHz. Unfortunately, a sertes of large earthquakes hit the
Kumamoto area during the period of IKAGRA operations. Such
nolse sources were nol avoldable with the IKAGRA configuration,
but IKAGERA still prowvided the collaboration with invaluable expe-
rience in controlling the kilometre-scale laser interferometer with
unprecedented sensitivity.

Current status of KAGRA

Immediately after the IKAGRA operation, the KAGRA collabora-
tion put great effort into improving the whole system and spent two
maore years Installing cryogenic facilitles and upgrading vibration-
Isolation systems and high vacuum systems. This period is called
phase | of bKAGRA (basellne KAGRA). KAGRA 15 the worlds
third-largest vacuum system; the first two are LIGO- Livingston and
LIGO-Handford.

e of the major upgrades 1s the vacuum system; KAGEA now
has the words tallest vibration-isolation systems (13.5m), which
helps to reduce sesmic notse at low freguencies. Two 23 kg sapphire
mirrars have been installed at both ends, and one of them was kept
at 18K for 30 days continuously.

Dhee to a leakage of the vacuum that was found in April 2018,
the experimental operation was delayed for five days. but the
phase | operation was successfully undertaken for 9 days from
28 April to & May 2018. The duty cycle of the first five days of
the phase | operation reached 886% between 28 Aprl and 2
May, while the duty cycle on 3 and 4 May dropped to 26.8%, and
shightly improved to 59.8% on the final days (5 and & May). The
low duty cycle on 3 May and afterwards were mainly attributed
1o the micro-selsmic nodse cawsed by a heavy storm, local earth-
quakes and volcanic eruptions in Hawail. The obtained sensitivity
during phase | was worse than the final sensitivibies of TAMA and
CLIO, apart from the lower frequencies, where KAGRAS sensity-
ity was Indeed better than TAMA (see the designed sensitivity of
BEAGRA 1n Fig. 2). More detatled results of the phase 1 operation
will be reported elsewhere.

0m 7 May 2018, the KAGRA collaboration announced the begin-
ning of phase 2 and has been working on the installattons/upgrades
of more instruments, such as addional optics and a new higher-
power laser source.

HATURE ASTROMOMY | VOL 3 | INNUARY 2015 | 35-40 | www.nature com,natureastronomy £ 3% NATURE ASTROMOMY | WOL 2 | JANUARY 3015 | 3540 | www nature comhaturasironomy

KAGRA collaboration, Nature Astronomy 3, 35 (2(%%9)


https://www.nature.com/articles/s41550-018-0658-y

Supplementary Slides



2G/2G+ Parameter Comparison

Arm length [km]
Mirror mass [kg]
Mirror material
Mirror temp [K]
Sus fiber

Fiber type

Input power [W]
Arm power [KW]
Wavelength [nm]
Beam size [cm]
SQZ factor

F. C. length [m]

KAGRA AdVirgo
3 3
23 42
Sapphire Silica
22 295
35cm Sap. 70cm SiO,
Fiber Fiber
67 125
340 700
1064 1064
3.5/3.5 49/5.8
0 0
none none

aLIGO
4
40
Silica
295
60cm SiO,
Fiber
125
710
1064
5.5/6.2
0
none

A+ Voyager
4 4
80 200
Silica Silicon
295 123
60cm SiO, 60cm Si
Fiber Ribbon
125 140
1150 3000
1064 2000
5.5/6.2 5.8/6.2
6 8
16 300

LIGO parameters from LIGO-T1600119, AdVirgo parameters from JPCS 610, 01201 (2015)



https://dcc.ligo.org/LIGO-T1600119/public
http://iopscience.iop.org/1742-6596/610/1/012014

KAGRA Detalled Parameters

K. Komori et al., JGW-T1707038
Optical parameters

- Mirror transmission: 0.4 % for ITM, 10 % for PRM, 15.36 % for SRM
- Power at BS: 674 W

- Detune phase: 3.5 deg (DRSE case)

- Homodyne phase: 135.1 deg (DRSE case)

Sapphire mirror parameters

- T™M size: 220 mm dia., 150 mm thick

- T™ mass: 22.8 kg

- TM temperature: 22 K

- Beam radius at ITM: 3.5 cm

- Beam radius at ETM: 3.5 cm

- Q of mirror substrate: 1le8

- Coating: tantala/silica

- Coating loss angle: 3e-4 for silica, 5e-4 for tantala

- Number of layers: 22 for ITM, 40 for ETM

- Coating absorption: 0.5 ppm

- Substrate absorption: 50 ppm/cm
Suspension parameters

- TM-IM fiber: 35 cm long, 1.6 mm dia.

- IM temperature: 16 K

- Heat extraction: 5800 W/m/K at 20 K

- Loss angle: 5e-6/2e-7/7e-7 for CuBe fiber/sapphire fiber/sapphire blade
Inspiral range calculation

- SNR=8, fmin=10 Hz, sky average constant 0.442478
Seismic noise curve includes vertical coupling, vibration from
heatlinks and Newtonian noise from surface and bulk


https://gwdoc.icrr.u-tokyo.ac.jp/cgi-bin/DocDB/ShowDocument?docid=7038

KAG RA Cryopayload

Figure by T. Ushiba and A. Hagiwara
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KAGRA Cryostat Schematic
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KAGRA Interferometer
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.122003
https://gwdoc.icrr.u-tokyo.ac.jp/cgi-bin/DocDB/ShowDocument?docid=9537

Y. Michimura+,
PRD 97, 122003 (2018);

Possible
KAGRA
Upgrade
Plans

JGW-T1809537

bKAGRA LF HF 40kg FDSQZ Combined
detuning angle (deg) Ddet 3.5 28.5 0.1 3.5 0.2 0.3
homodyne angle (deg) ¢ 135.1 133.6 97.1 123.2 93.1 93.0
mirror temperature (K) Tm 22 23.6 20.8 21.0 21.3 20.0
SRM reflectivity (%) Rsrm 84.6 95.5 90.7 92.2 83.2 80.9
fiber length (cm) lg 35.0 99.8 20.1 28.6 23.0 33.1
fiber diameter (mm) ds¢ 1.6 0.45 2.5 2.2 1.9 3.6
mirror mass (kg) m 22.8 22.8 22.8 40 22.8 100
input power at BS (W) Io 673 4.5 3440 1500 1500 3470
maximum detected squeezing (dB) 0 0 6.1 0 5.2 (FC) 5.1 (FC)
100M-100M¢ inspiral range (Mpc) 353 2099 114 412 318 702
30M-30M¢, inspiral range (Mpc) 1095 1094 271 1269 855 1762
1.4M-1.4M¢;, inspiral range (Mpc) 153 85 156 202 179 307
median sky localization error (deg?) 0.183 0.507 0.105 0.156 0.119 0.099
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.122003
https://gwdoc.icrr.u-tokyo.ac.jp/cgi-bin/DocDB/ShowDocument?docid=9537

