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KAGRA site and Data analysis building Data analysis building
Inside Room
® ﬁx%ﬁiﬂﬁwLilooEFEﬁO)j( TIEHE o FFihis TIX4mDIE#E % £7 5
1909 Aug 14, M6.8 [Anegawa ] Lv.3 ® Z & SHIRRIF6000FIZ1E % & & #jE

1944 Dec 7, M7.9 [Tounankai] Lv.4

2011 Feb 17, M5.5 [Hida area ] Lv.3~4

2023 May 5, M6.5 [ Noto Peninsula ] LV.2~3

2024 Jan 1, M7.6 [ Reiwa 6 Noto Peninsula] LV 5- (Red color means KAGRA was operated.)
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( https://www.gsi.go.jp/common/000254115.pdf ) .



We had EQ Stoppers for Mirror Protection, but ...
Type-Bp EQ Stopper Type-C EQ Stopper
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Heartful Messages

® Many citizens of Hida-city gave us so many heartful messages for
the KAGRA recovery.



Recovery Status (started from Jan 2024)

March : April 5 May June 5 July
® IMC(MGi, MCo, MCe) '

- Recovered InVac ®
® IFI-PRM{Type-Bp) ® : ®

*  Suspension Recavered inAir
*  Finalization

*  Pumping : ®
e~ Recovered In\lac ®
() ETMX(Type A) E ®

. Sixspensmn Recovered |nA|r
: . Pumplng/No Leak «C_Recovered InVac ®

° ITMX(Ty'pe-A) :
: * Suspension Recavered inAir

*: Pumping/Leak Repair FPMI
: : * C_Recovered InVac :  Commissioning
® ITMY(Type-A) :"d .
: e Suspension Recovered inAir : : uspensIONiEEy

«i Pumping/No leak * (_Récovered InVac Mitisatisy

® PR2 3(T'ype -Bp) :
. Sr.Ispensmn Recovered |nA|r : :

: . Flnallzatlon . RecoveredanacE

° SRM/Z/:3(Type-B)

» No damages as suspensions P e Pumping/Leak Repalri

- Optical Axis CHeck ¢+ Recovered InVac:



Recovery Status (started from Jan 2024)

March April : May : June : July

® ETMY(Type-A)
: e OQily Mater'lal found in EYA
. Materlal Component Analysis (4 :individual places)
e Start EYA Cleaning Fead by Uchiyama-kun (ICRR)

:_e__ Cleaning Finish

: * Repairn EY Tower )
® : : e Pumping/small feak was found (repair in

September)

 Recovered InVac

FPMI
Commissioning
and
® OMC : Suspension control
. OMC stack function check mitigation

§° OMC was confirmed to: ‘have troubles in its |soIat|on function
e We conflrmed its malfunction V|5;ually

e Start of recovery * Recovered InVac

e Check Isola*ign

20005128 SHEEXHHEERETE (E)
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Overview of Commissioning Works after July 2024

8H:FPMI wll{EHINEIR. #5/K o R T ]

e ASC with WES, BPC and ADS M E AR ENEREEE.
e PRFPMI+RF D F i EHHITH 18 IT.

OMCRA YOI BEZITL., KYUTA VY L—2 a3 TR,

L—H—DZERIZE T HRFIAMEBR DB ZHEFNT 5 LT,
PRFPMI+DCD TS HIEIMNEIT L. BNSL U OREHA M LE (~2Mpc (04aTIlX1.3Mpc) ) &
PEMELERBALA

B RO—IL RARBIR (12BIZIZ2 S 5 —0D255KEEFER)

<<< PAB follow up meeting >>>.

e WKDOMDLZTIL (DCPDDREER., L—H—EETKRFEN) T. R a1—ILHHEEEL

o PDODBEEfTEXERMIE, >2AIZE T,

o X/YO#EKEFEDIEE,

o BEEFEMATMEADHE, KAGRADT T4 » 2 FHWIR, BIBHEANILRATF v Y TLEMELE,
« PEMEERFER,

o JARND T YT T RSB

e << MEXT review meeting >>>.

e PEMIZKBEAVYEVITRE
® 20255 1A ~:
e 1OWL—H—FE, >3y b/ A4 X EREEIR,
o 85KITIED = 5 —AHENIC &AM EIER.
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Displacement [m/rHz]

v

O4a (2023 May ~ June) Noise Budget
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Expected Sensitivity Curve and its Noise budgets for O4c

Displacement [m/rHz]

v
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e Susp local control noise : 1/10

e PD dark noise : below shot noise
(improved )
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® 7% D DS D{KiHPlan :

» High power operation : 10W (5W

isplacement (mVHz)
S

was done) Sum of noises (10.2 Mpc)
e Auxiliary control noise : 1/10 (done § 10"

in FY2023) .
e Quantum shot noise : 1/3 (was tried &8 10|

in FY2024) :

T S A |
> Cooling : ~ 100K > Done Jan 2025 BR
e Thermal noise : 1/5 1070 L Al IR : ~“-~'2 —
10 10 10

Frequency (Hz)
» Control/hardware update :
* Frequency noise : ~1/2
e Acoustic noise : ~1/20 (partially
done)



Improved Sensitivity(1) (Preliminary)

° KAGRA@@JEI:I: l/—*f—/\'7—1 BWELW DM DHRITKY . ~2MpclZthE,
AR AV DFHIEHME (X, B RAIN-T4IILI—TER-> BVWVERMEIZEX
HIT—DENIIIGYERTET-,

e OMCRAYVEERIE > OMCHIRFZADDIRE-BEM BT DREAZTIRR,
e WFS, BPC. ADSFRW=TILZSS—TFT A AT RIEIZEBBEDT M4 A0
WE > EHRESHRER—IKYIE<LE ST,

Preliminary
April 2020

May 2023(04a)

October 2024

Configuration: Room-temperature PRFPMI with 1.3W injection



Improved Sensitivity

Preliminary

April 2020

May 2023(04a)

October 2024

Configuration: Room-temperature PRFPMI with 1.3W injection



Sensitivity enhanced by better damping control scheme

® Almost a factor of 10 improvement between 20 and 30Hz

» We changed the local damping control scheme, especially for sapphire mirror
suspensions, to reduce the control noise at low frequency. In fact, 10 times
reduction of local control feedback signals of sapphire mirror suspensions was
already achieved in the end of last year, but we have no chance to check it with
the interferometer due to the Noto earthquake on January 1.

» The slight improvement between 30-60 Hz comes from local control update of
the other suspension such as BS, SRs, and PRs because the sensitivity during
O4a was limited by local control noise of these suspensions up to 60 Hz.



Improved Sensitivity

Preliminary

April 2020

May 2023(04a)

October 2024

Configuration: PRFPMI with 1.3W injection with room temperature mirrors and suspensions



OMC Stack Isolation Recovery (in July)

® We found that OMC stack structure was
damaged, and it lost seismic noise
isolation function because the neighboring
SAS blocks contacted with each other.

® \We decided to remove all optics inside the
OMC vacuum tank and reconstruct the
stack structure.

) 8

rubber

-

Stack

23

Base Table

Base Plate



Sensitivity enhanced by OMC Suspension Damping

® About the noise reduction between 60-300 Hz, we think it is thanks
to some improvements around OMC suspensions.

e Oneisimproving the passive damping performance of OMC suspension resonances to
install new magnet dampers on blade springs and below OMC breadboard.

* Another is to repair the contacted OMC stacks as already explained.

e The other is reduction of AC power line noise injected to OMC PZT, which really shakes
OMC length.

e These activities reduce the RMS of OMC length fluctuations, and square coupling from
the residual OMC length fluctuation to OMC transmission power becomes smaller.

Dumper for blades

Dumper for OMC plate
Top view of

_ _ 24
OMC suspension blades with dumpers Side view of OMC Plate with Dumpers



Stray Light Mitigation Around OMC

Shrouds coated in black around OMC for fit check.



Improved Sensitivity(2) (Preliminary)

® KAGRA sensitivity was improved for high frequency range owing to 5W laser power

107 S
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— 5Winput(Nov.11,2024) | = i B
— PRFPMI(Oct. 17, 2024)
! !
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|
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w

102 10°

Frequency (Hz)

Configuration: Room-temperature PRFPMI with 5W injection



Thermal Noises are Visible ?

® The P 2 L coupling thermal noise and suspension thermal noise seem to dominate the
sensitivity around 50 ~ 100Hz . - We decided to cool cryo-payloads.



Mirror Cooling was completed at ~ 90K

IXC IYC

88K 88K

EXC EYC

86K 87K
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o O4a DEIERDIZY ‘/E—JﬁqﬂlZ—Fhff:tli? Interlock configuration diagram
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o IEXYAET—L, BELUBSOEDBEIS — M NILTRAES AT L
o IEXYARUO{HEDEZELAN)JLZERREIL,
s SEZELANIL(107 Pa) AR INT-IHES . IEXYALT — L
/BSFIDGVH EHENTHLE.
o AUA—OVIEEIIT—MNILITHFFALSHERE
« FACKEIRREZHELEBIELE. ¥ — h/\)bjliﬁiﬁa)@%
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e Gate valve display status

- Open - Installation and adjustment in progress
Bl - Close
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Summary of LIGO-Virgo observing runs by O3

O1: from September 2015 to January 2016, LIGO only
First observation, GW150914, 3 confident events

02: from November 2016 to August 2017, LIGO only (+ Virgo in August 2017)
First observation of BNS, GW170817, 8 confident events

03: from April 2019 to March 2020, LIGO and Virgo
First confident observation of BHNS, GW200115_042309, 79 confident events

Total 90 confident events

Binary Black Holes (BBH): about 84-87
Binary Neutron stars (BNS): 2 confident events GW170817, GW190425

Catalog papers

GWTC-1: 01, 02
PRX 9, 031040 (2019)
arXiv:1811.12907

GWTC-2: 01, 02, O3a
PRX 11, 021053 (2021)
arXiv:2010.14527

GWTC-2.1: Update of GWTC-2
PRD 109, 022001 (2024)
arXiv:2108.01045

GWTC-3: 01, 02, 03a, 03b
PRX 13, 041039 (2023)
arXiv: 2111.03606

Black hole—Neutron star binaries (BH-NS): 1 confident event GW200115_ 042309

GW190814: either BBH or BHNS (23.3 2.6) Msun
GW200210 .092254: either BBH or BHNS (24.1, 2.83) Msun

GW191219 163120: less confident event
(GW200105_162426: sub—threshold event)
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O4 run

0O4: from May 24 2023 to October 7, 2025

e 04a: 2023-05-24 to 2024-01-16

e 04b: 2024-04-10 to 2025-01-28 17:00 UTC

e (OA4c: 2025-01-28 17:00 UTC to 2025-10-7 17:00 UTC

O4 public alerts (as of Jan. 28, 2025) https://gracedb.ligo.org/superevents/public/04/
e 04 Significant Detection Candidates:186

e 0A4b Significant Detection Candidates: 105

e OA4a Significant Detection Candidates: 81

T— A EITIEETR TEHEMITELZIEAREZED.
SHETIIZIDDHXZHER
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1. FEFEHELNVE E Dmass gapd TYIHR—IL AR ApL970, 134 (2024), arxiv:2404.04248
m,: 3.6 (+0.8 -1.2) Msun
m,: 1.4 (+0.6 -0.2) Msun

2. EBFTE SN2023ixfH b DE JE D IFEFR arxivi2410.16565

R R FERAIM101, ~6.4 Mpc,SN2023ixflF B EM+ETEHA I NI THRIL A
ETRELEENFRREEFEERER

B HRIIEREH

3.04aT— 32 ZRHAWV=. MIoNTWA4ED/NNILT—I 5 DEHRDIER
BRI R arxivi2501.01495
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https://arxiv.org/abs/2404.04248
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® 2023FEICAFUT DKF-BFEEHARDXEH

https://www.mext.go.jp/b_menu/activity/detail/2024/20240627_2.html
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1.00742.html)
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IGWN (The International Gravitational-Wave Observatory Network)

o FERENKBRRYLT—U(GWN) (X, EARK(GW) FHHZAVWTENDOEREY
HPEHREKRL, FHZEAT A-OICRISN-BEEEENDIV)—VT LT,

® IGWNIE, ENRRXFE. RIEMEE, ELUVERYMEFOHEAIRETIYIRECEZEE
HIELTWET , EDEOHIZ  IGWNDM ER T ENRE LR DORFE - HE E
Hﬂggh\s ENRBB OO DEMERFE-EAL, SHICENKT —2OBFELT
Ly o

® IGWNMERILENNIL, BEFDOKREM ER—IXFEHIKEAFRE, TORFHMFE R
ZTI ARV -V T LD bigRENS,

® IGWN(Z, WHRDEHKERIES IL—T THAB. LIGO Scientific Collaboration (LSC) .
Virgo Collaboration (VC) . # & TU'KAGRA Collaboration (KSC) DR D £ IZ3L I 540
BTHDIEREBIZ, WVTNIE, BRI DOIENLG S ET, HFEITOTSLEETT
B F—=n-HEMOY =T LICELLSESFETHS,
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Summary
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