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KAGRATITof=C&

= {84 =
* FLLALSY 2T L DBAS - 25 - 5E4
* KAGRAD A D 1ERK

= Overview =

-- Design, Implementation:
* FIALSURTLDTH AL D KAGRAD FHEtOvI~DERIELZH-F
* ALSO AT LDKAGRAND A2 A—)L

-- Demonstration:
* KAGRAD F %5t (FPMI) DAY D ERK
* ALSS AT LD HEBE D EET

-- Characterization:
*ALSU AT LD#HE D E =RIFE
F TEOREEORE. REHEDER ;
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= Overview =

-- Design, Implementation:
*FALSV AT LD TH AL > KAGRAD FHETOVINDEKREZH =S
* ALSS AT LDKAGRAND A A—)L
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ALSOO—)L

- EBIZFBEEOVITEHE > mEBAAGI—IL

T, FHEtoOv oI EBELREKIE., ..
- BRIE: ZEBOBHEZBOFEIRIVINZS

Afres(f; arM) = [Afmain(f) — Afarm(f)|L(f; KarM)

HIRZFAD LD

AMoL—H— BiRBED I > ﬁﬁﬂ?%ﬁ(:&é
R AR B IR A H—/\R%5E Single arm

L(f; k) = T+ ifJm,

RMS (4f...) < 33Hz 33Hz

<=>0.35 nm

- BRI BHENHEIZ LY. Extra success: 1.6 Hz £8—4
(RMS (Afres,CARM) < 16HZ)

Extra success HLERMAIREIL S AT LETH AL KAGRAIZAV A—)LLT=,
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= Qverview =

-- Demonstration:
* KAGRAD F %5t (FPMI) DAY D ERK
* ALSS AT LD HEBE D EET
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Antenna pattern
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Science case

More detectors

warning Sky localization BNS i 30M B
localization remnant

|
Tests of General relativity
IMBH Source-frame v

or masses Distance/ Inclination/
high-z Cosmology EM modeling NS post-merger

BBH
Supernovae and other unmodeled transients

Memory -
Precessing BH spins Aligned BH spins

| Eccentricity mass ratio Ringdown NS Equation of state

=

S. Vitale, 2019

Better low-frequency Better bucket Better high-frequency
S. Vitale, LIGO DCC P1900660-v1
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CBC

B.P. ABBOTT et al. PHYS. REV. X 9, 031040 (2019)

TABLE III. Selected source parameters of the 11 confident detections. We report median values with 90% credible intervals that
include statistical errors and systematic errors from averaging the results of two waveform models for BBHs. For GW 170817, credible
intervals and statistical errors are shown for IMRPhenomPv2NRT with a low spin prior, while the sky area is computed from TaylorF2
samples. The redshift for NGC 4993 from Ref. [94] and its associated uncertainties are used to calculate source-frame masses for
GW170817. For BBH events, the redshift is calculated from the luminosity distance and assumed cosmology as discussed in
Appendix B. The columns show source-frame component masses m; and chirp mass M, dimensionless effective aligned spin y., final
source-frame mass M g, final spin a, radiated energy E,,4, peak luminosity /., luminosity distance d; , redshift z, and sky localization
AQ. The sky localization is the area of the 90% credible region. For GW 170817, we give conservative bounds on parameters of the final
remnant discussed in Sec. VE.

Event my /Mg my/Mg M/Mg Yer  M/Mg  ap  Eng/(Moc?) €pen/(ergs™) di/Mpe  z  AQ/deg?
GW150914 35.673] 306139 28.6°17 -0017017 63.1535 069700  3.1707  3.6707 x10% 440'[5) 009705 182
GW151012 23.2°1%% 13675 15277 005703, 3567358 0.67°017 16708 32108 x 10 10807350 0.21'0% 1523
GW151226 13.7:83% 7.7122 89703  0.189% 20564 0741087  1.078) 34197 x10% 4501158 0.099% 1033
GW170104 30.87]7 20.075¢ 21.4'7% -0.04%9,] 489775 0667007 22707 33105 x 10 990757 020755 921
GWI170608 11.0533 7.6713  7.9/9%2  0.0304 17.8735 0.69705% 09107 35104 x10% 32013 0.07790% 392
GW170729 50.21)57 34.0"3;), 354782 037'07 79.57|)7 081707 48717 42107 x 10°° 28407 5% 049057 1041
GW170809 35.0°%3 238131 24.9°2) 008017 56.3%32 0701088 27196 35196 x 10% 1030732 020795 308
GW170814 30.6135 252728 24.1%)% 0075017 532132 072097 27104 37104 x10% 6007150 0.1270% 87
GW170817 1.467313 1.2710% 1186170 0.00100f <28 <089 >004 >0.1x10° 40", 0.01°5% 16
GW170818 3547]7 26.7'%] 26577 —0.09'0)% 594132 0.67°00 27707 34707 x 10°° 1060'350 0217057 39
GW170823 39.5%}L2 20,0167 29.2%36 0091022 6547101 072109 33719 36107 x 10°° 19407519 0351013 1666




Supernovae

2G: ~ 0.6-10.5 X 10-2 CCSNeyr-1 in Milky Way
[PHYSICAL REVIEW D 93, 042002 (2016)]
=>~1/30yr

3G: 28 galaxies within 150 kpc, 1-2 CCSNe per galaxy
[PHYSICAL REVIEW D 99, 063018 (2019) ]
=>"~1/3yr



Horizon Distance [Gpc]

20201 H178 E1XHmXE

Horizon distance

12240
| ] Az=100

1z=10

z=0.1

Optimal directi d pol ti
wass of ONE B [Msun] SKRtvesas "

Y. Michimura, http://www?2.yukawa.kyoto-u.ac.jp/~grav-wakate3/files/programme/I2_S_Michimura.pdf

N
O.

71



Network Duty Cycle
3G L ERREDER

= Casel: Only 3 detectors = RE: 18 DIREE =80 %
0.8*0.8*0.8 =0.512

=>51%

c.f.) O3 =>44 % (with 1 det. ~75%)

= Case2: 4 detectors =
0.84+4%*%0.2*0.83=0.8192
=> 82 %
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KAGRA contribution

Cumulative fraction of events

O3 BBH (25Mpc)

«= = HL median= 701 deg?
mems HLK median= 434 deg?
“«» 1 HV  median= 371 deg?
wess HVK  median= 77.5 deg?

** LV  median= 302 deg?’
0.75 s LK median= 122 deg?

1.00

050 T oo omnmTmTDTDG O mOeMmnmnmnhhOhOhOhOhhODOODODO’TDDTT

1071 10° 10? 102 103 104

90% credible area (deg?)

S. Haino et al., JGW-G1910190-v14 73



KAGRA contribution

20201 17H BLXHXEES

Cumulative fraction of events

1.00

0.75

0.50

0.25

KAGRA 25 Mpc

BNS N=2 ->3 median= 34.4%
BBH N=2 ->3 median= 30.1%
NSBH N=2 ->3 median= 32.1%
BNS N=3 ->4 median= 15.9%
BBH N=3 ->4 median= 14.4%
NSBH N=3 ->4 median= 16.8%

Relative improvement in 90% credible area (%)

102

S. Haino et al., JGW-G1910190-v14
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(3. T F ZDKAGRAT D EEF - 514 514h)

Design
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i i 2020F1817H BX@mXEESR
(3. T F ZDKAGRAT D EEF - 514 514h)

Noise source Expected Achieved
_____ Optical fiber  0.01Hz/vHz _ 0.05Hz/vHz (Figure 7.15)
VCO 0.5 Hz/vHz 0.1Hz/v/Hz (Appendix F')

Free-run frequency noise
of the auxiliary laser

PSL frequency noise 1 x 10°Hz/vHz 1 x 10* Hz/+v/Hz [161]
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20201 H178 E1XHmXE

(3. T F ZDKAGRAT D EEF - 514 514h)

Allan deviation

Xarm [Hz] 1.2
Yarm[Hz] 0.9 2.4 1.5 0.8

sin*(77 f)

ay(r)=\/ [Tamrn e, B0 =22

[T. Ushiba, Ph.D. Thesis, UTokyo (2015)]

82



) i 20201 A17H BLHAXEESR
(3. T F ZDKAGRAT D EEF - 514 514h)

TR CARM

u.

S, 0.8

Transmission
(@]
NS

0.2
00 +——— ! . I ! ! —e
~10.0 =75 -5.0 -2.5 0.0 2.5 5.0 7.5 10.0

Frequency/k
1.0

— —— PDH

3

© 05y —— TR

)

S 0.0

2

wn

o —0.51

—

—

L

_1.0 T T T T T T T
~10.0 =75 -5.0 -2.5 0.0 2.5 5.0 7.5 10.0

Frequency/k 83



Phase [deg]

FSR and TF

107°
10°

10!

102
Frequency [Hz]

103

104

180
90

_90_

—180

10—5_

102°

3740

180

0
-90
"~ —180

Tivo e LV~ y g

20201 H17H BXtHRXEES

3745 3750
Frequency [HZz]

3755

90+

—

84



CE-like detector

Arm length (L) 40 km
Test mass material Silicon
Wavelength (A;) 1550 nm
Optical power in the arm (Parm) 2MW
Detector bandwidth (KDARM) 400 Hz
Finesse of the arm (Farm) 519
Roundtrip loss of the arm (7).) 100 ppm
Transmissivity of the PRM (Tpry) | 3.33%
Transmissivity of the SRM (Tsrym) | 3.50 %
Input laser power (Ppgry) 400 W

202051 H178 1§15

A
i

X

=

A
I
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Sub-carrier result
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(3. T F EDKAGRAT D EET - $14 514)

L—4—

Nd:YAG 1064nm
SHG: PPKTP ?

Er doped: 1550nm
Tm doped: 1950nm
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20201 17H BLXHXEES
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KAGRA -~ Advanced LIGO
Green laser injection site , Central area End stations .
Optical fibers Within the central area Along the arms oy —<]
Signals of the arm DoFs  Summations in electronics Optical beat notes i
Number of optical sensors 4 (or 62) 6 :
Number of SHG setups 2 3 2 Y 31T 0ARM Error -
@ If the fiber noise cancellation loops are involved. > :
'_ _ _ | DARM servo
Dlgltal System |
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B KAGRADZAA LT

20201 17H BLXHXEES
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3. T F EDKAGRAT D EET - H 14 511

ALSOO—)L
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