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http://granite.phys.s.u-tokyo.ac.jp/michimura/presentation/TianQinSummerSchool2019_michimura2.pdf#page=29
http://granite.phys.s.u-tokyo.ac.jp/michimura/presentation/TianQinSummerSchool2019_michimura2.pdf#page=29
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High Frequency Option?

—— no SQ — SQAL
---- F=3000, Rs=89.5% —— F=6000, Rs=99%
F=3000, Rs=99.5%, w/SQ F=6000, Rs=99%, w/SQ

» We can make a dip at *
nigh frequency to
orobe neutron star 2
ohysics, enhance the s

10 %

nsi t'vity (1/rtHz)

/X

chance of detecting  »*{HFOPtion ™~ » =
supernovae "’ Frequency (o) / o
K. Somiya, I HF option

arXiv: 1909.12033

with squeezing

(frequency independent)

Laser = [
N\
Increase SRC lengthor Increase arm
Increase SRM reflectivity \ cavity finesse
— SRC phase rotation Power at ITM

creates dip @Y can be reduced®!



http://granite.phys.s.u-tokyo.ac.jp/michimura/presentation/TianQinSummerSchool2019_michimura2.pdf#page=29
http://granite.phys.s.u-tokyo.ac.jp/michimura/presentation/TianQinSummerSchool2019_michimura2.pdf#page=29
https://arxiv.org/abs/1909.12033

KAGRADESE

2014 Tunnel excavation done

2015 Inauguration of initial-phase facility
5016 First test run at room temp. (IKAGRA)

KAGRA Collaboration, PTEP 2018, 013F01 (2018)

2017

2018 First cryogenic test run (Phase 1)
KAGRA Collaboration, arXiv:1901.03569

2019 MoA between LIGO and Virgo signed
~~~ EXpect to join observing run O3

2020
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https://academic.oup.com/ptep/article/2018/1/013F01/4817346
https://arxiv.org/abs/1901.03569

KAGRA Joining Observation

* Improves 3+ detector duty factor
LHV 34 % — LHVK 65 % S. Haino,

(assuming 70 % duty factor for single detector) JGW-G1808212

* Improves sky localization

1.5-1.25 Msun BNS at 40 Mpc
LH: 120 Mpc
V: 60 Mpc

K:10 Mpc With KAGRA \ |

>
90% C.L. area (ded?)

* Enables better GW
polarization
measurements,
distinguish non-GR
polarization " VA

H. Takeda+, PRD 98, 022008 (2018) ‘ ]

90% C.L. area (deg?)



https://gwdoc.icrr.u-tokyo.ac.jp/cgi-bin/DocDB/ShowDocument?docid=8212
https://doi.org/10.1103/PhysRevD.98.022008

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
3
23
Sapphire
22
35cm Sap.
Fiber
67
340
1064
3.5/35
0
none

AdVirgo
3
42
Silica
295
70cm SiO,
Fiber
125
700
1064
49/5.8
0
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
55/6.2 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™ size: 220 mm dia., 150 mm thick
- TM 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: 1e8
- 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

(Pslzatfsorr6n5 ) ‘ -/ | bs— 3 CuBe blade springs
’ g = ‘

| \“ o

MN suspended by 1 Maraging steel fiber
(35 cm long, 2-7mm dia.)
MRM suspended by 3 CuBe fibers

Marionette | 33 ¢ e,
(SUS, 22.5 kgl “g™= | IR

\ Heat link attached to MN

(SUS, 20.1 kg,
16 K)

IM suspended by 4 CuBe fibers
(24 cm long, 0.6 mm dia)
IRM suspended by 4 CuBe fibers

4 sapphire blades
Test Mass

(Sapphire, 23 kg, ¥
22 K)

TM suspended by 4 sapphire fibers
(35 cm long, 1.6 mm dia.)
RM suspended by 4 CuBe fibers



KAGRA Cryostat Schematic
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KAGRA Suspensions

- 5
LrE) Type-B
o] ™ N
7 c
o
cryogenic
Y payload ¥
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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) T 22 23.6 20.8 21.0 21.3 20.0
SRM reflectivity (%) Rspm 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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GW150914 with KAGRA

Ezuly 11L 30 CQG 34, 174003 (2017)
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