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GW Telescopes Generation and LVK Observations
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GW Telescopes Generation and LVK Observations
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GW Telescopes Generation and LVK Observations
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Recovery of KAGRA
(January ~ July)
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1909 Aug 14, M6.8 [Anegawa ] Lv.3 ® ZD&LSHHRIX6000FIZIE 4 E L $E
e 1944 Dec 7, M7.9 [Tounankai] Lv.4
e 2011 Feb 17, M5.5 [Hidaarea] Lv.3~4
e 2023 May 5, M6.5 [ Noto Peninsula ] LV.2~3
e 2024 Jan 1, M7.6 [ Reiwa 6 Noto Peninsula] LV 5- (Red color means KAGRA was operated.)

Lv.5- was the largest earthquake at least in the last 100 years.

® According to GIAJ (Geophysical information Authority of Japan, E L #h¥[5%), the mountain housing
KAGRA moved 2~3cm in the direction of Y-arm ( https://www.gsi.go.jp/common/000254115.pdf ), 10



We had EQ Stoppers for Mirror Protection, but ...

Type-Bp EQ Stopper Type-C EQ Stopper




10 of 20 Mirror Suspensions were Damaged

All are housed in the vacuum area except for PDs and Lasers.
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Heartful Messages

® Many citizens of Hida-city gave us so many heartful messages for
the KAGRA recovery.
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Recovery Status (started from Jan 2024)

March ! April ; May June

July

IMC(MGi, MCo, MCe)

: «___Recovered InVac

IFI-PRM{Type-Bp) @
* Suspension Rc.ecd_\'lere:d inAir \\\\\
*  Finalization : EvCayostat

*  Pumping
*¢” Recovered InVac

ETMX(Type A) :
- Sglspensmn Recovered |nA|r :
. Pumplng/No Leak +<_Recovered InVac

Laser Source
—

3km
% A cryostat

ETMX
. EXC cryostat

DC-PI
AS(DARM)-PD

ITMX(Ty'pe-A) :
: * Suspension Recévered inAir
*: Pumping/Leak Repair
: : « C_Recovered InVac
ITMY(Type-A) :
: * Suspensionh Recovered inAir :
*i Pumping/No leak * (Récovered InVac

PR2 3(T'ype -Bp) :
. SUSpensmn Recovered |nA|r

. Flnallzatlon : *  Recovered InVac !

SRM/2/23(Tvpe-B) .
«  No damages as suspensions

- Optical Axis CHeck (¢ Recovered InVac:

*  Pumping/Leak Repairi

FPMI
Commissioning
and

Suspension control
mitigation




Recovery Status (started from Jan 2024)

March

® ETMY(Type-A)

April ; May

* OQily Mater'lal found in EYA

June July

. Materlal Component Analysis (4 :individual places) :
e Start EYA Cleaning Fead by Uchiyama-kun (ICRR)
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® OMC

OMC stack function check

§° OMC was confirmed to: ‘have troubles in its |solat|on function

e We conflrmed its malfunction V|5;ually
e Start of recovery :

EX(cryostat ° Repair !n EY Tower

Pumping/small ieak was found (repair in
September)
*  Recovered InVac

FPMI
Commissioning
and

Suspension control
mitigation

~~+  Recovered InVac
* Check Isolatign
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Overview of Commissioning Works after July 2024

® July 2024: Commissioning Restart.
August: FPMI was realized. Water supply system repaired at the corner station.
® September:
* ASC with WFS, BPC and ADS was almost completed.
* PRFPMI+RF was recovered.
® COctober:
*  OMC stack modification was done, and more isolation was confirmed.
* RF—>AM conversion reduction in the modulation for the laser was successfully mitigated.
 PRFPMI+DC was realized with Better BNS range sensitivity (Preliminary ~ 2Mpc (1.3Mpc in O4a)).
* PEM Injection test started.
» Start duct shield cooling (, and 255K temp of all mirrors were realized in December).
* <<< PAB follow up meeting >>>.
® November:
* Some troubles (DC PD burning, Water leak from the Beam Damper in PSL) that delayed the
schedule by several days for each. Improved protection for PD burning was applied.
* Repair for the water supply system for X/Y ends.
* Another M6.4 earthquake happened near the Noto Peninsula and destroyed KAGRA alignment. 1
week health checks and recovery work.
« PEM injection test restarted. Noise budgeting activities was ongoing.
* <L MEXT review meeting >>>.
® December:
* Tapping test started by PEM. 18




O4a (2023 May ~ June) Noise Budget
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Expected Sen5|t|V|ty Curve and its Noise budgets for O4c
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Strategies to Realize 10Mpc

® Already reduced noise :
* Susp local control noise : 1/10

« PD dark noise : below shot noise
(improved )

® But Noto EQ Disaster and
Recovery

® Noise reduction Plan : z

> High power operation : 10W (5W §
was done) é

* Auxiliary control noise : 1/10 (done §
in FY2023) =

e Quantum shot noise : 1/3 (was tried &
in FY2024)

» Cooling : ~ 100K = Done Jan 2025

* Thermal noise : 1/5

» Control/hardware update :

Frequency noise : ~1/2
* Acoustic noise : ~1/20 (partially
done)
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Improved Sensitivity(1) (Preliminary)

® KAGRA sensitivity was improved to be ~ 2Mpc owing to several improvements with 1.3W.
* Suspension control noise reduction with well designed filters. 2 Shaking mirrors by the
higher noise electrical noises could be reduced a lot.

* OMOC stack structure recovery. = The seismic/acoustic noise invasion to the OMC cavity
was reduced.

* Better alignment by using the full mirror Alignment Sensing Control using WFS, BPC and
ADS.—> Darker AS port.

K1 gravitational-wave strain [h(t)]
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Improved Sensitivity(2) (Highly Preliminary)

® KAGRA sensitivity was improved for high frequency range owing to
5W laser power
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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.
4
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Control noise

without OBS filter
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1 il —_ needed to reach
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Frequency [Hz]
» 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.
26
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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.

:ji> v
y 3km

| -v\

rubber

Touched .



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.

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

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

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

* These activities reduce the RMS of OMC length fluctuations, and square coupling from
the residual OMC length fluctuation to OMC transmission power becomes smaller.
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Stray Light Mitigation Around OMC

Shrouds (not coated in black) around OMC for fit check. They was
already removed again and will be coated in black.




Cryo-cooler Compressor Maintenance

ndscope: K1:CRY-TEMPERATURE_EX 4K REF1 4K HEAD K1:...EFARM_HEAD K1:CRY-TEMPERATURE_EX 50K REFBRT HEAD - o x

® What we learn during commissioning

before/after O4a? L AN T
— Unstable cooling performance e I e e
happened. It resulted the temp i R
enhance of duct /radiation shields and LSudden heat Lup andLaduaI heat P
H20 gas release > Frosting of mirrors e et o s o e e e v o e S0 e
—> Warm up for 2 weeks for recovery. =
Huge time loss. I V1o’ RIS SN E . 0 S .

K1:CRY-TEMPERATURE_IX_4K_REF4_50K_HEAD [m-trenc

— Oil leak in the compressor He gas
cooling system. It could result in the
cooling performance reduction.

* High temperature (~ 80C) in the He gas
cooling system.

— He gas leak at the connector of the
flexible tube.

® What is counter measure?

— Maintenance and Repair works.

* Cleaning in the water cooling system in
the compressor.

— Weekly Temp monitor (done every
week) of the compressor He gas tank
and its data taking (under preparation)
for the remote monitoring to find
problems in the early stages.




Steady Duct Shield Cooling after Maintenance

EXC IXC
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For Reliable Vacuum System

® What we learn during commissioning before/after O4a? Interlock configuration diagram

* Vacuum leak at High voltage connectors in ion pumps in arms u
happened because of high humid environment.= Frosting on GV
mirrors. -
*  Vacuum level degradation in arms happened because of air flow Cryo
. Arm Duct i
from the working dry pumps through the TMP that stopped due Side

to some troubles. = Frosting on mirrors. iy
 Although we set a mail alert system triggered by the high vacuum Vv
level from each sensor, we could not close GVs immediately rgontrouer

before. IIIII

® What is counter measure? Interlock Device
* Interlock system for TMPs were prepared in arm. : i
* Enables closing EM-valves between the dry pump and TMP
automatically.
* Automatic Gate Valve closing system between IEXYA and arms, & BS. §
e Senses the vacuum level near IEXYA tanks
e If high vacuum level (107-4 Pa)is sensed, GVs between IEXYA
and arms/BS will be closed automatically.
* The interlock device only closes the gate valve.
* The gate valve is opened by a person on site after the cause of
the closed valve has been identified and corrected.
* GV’s status can be monitored in the MEDM system.
* Remote closing is also available by using Switch Bots.

[ Yo}

Pressure
Gauge




For Reliable Vacuum System

- VAC_OVERVIEW.adl - o x

* Interlock devices have
s | been or will be installed

- oo on gate valves circled in

i red.

% | » Plans install interlock
| —— devices on 6 gate valves.
Cee e | * Interlock devices

= installed on 4 gate

valves by 2024/Dec./7.
* Completed installation

_ - of gate valve interlock

devices by
2024/Dec./18.

i

Captured from the display screen of the monitor in the control room
* Gate valve display status

- Open - Installation and adjustment in progress
Bl - Close




Many Serious Troubles were Scarcely Overcame

® DC PDs Burning Again ® Water Supply System trouble
* By improper-selection of trigger PD and * By aging and no maintenance.
improper logic. = Improved. Shutter, please. g

~ If no stock of PDs,

. | Joining 04 could be
impossible. We found 6
~  stock in MIF(1), ISS(3),
| CAL(2).

! because we could not
| keep stable temp in the
corner station, PSL room,

No2 P
$o 4o
oun | © O]
ok () | my
2K [AET) Q

However, the supply of
the productor itself
seemed to be hard?

= for all stations

® Water Le-zjk frorr; Beam Damper in PSL ® M6.4 Earthquake near Noto Peninsula

. By mis- selectlon of tube sleeve. Again (27" Nov. 2024)

M7.4 (Jan, 24)
‘M6.3 (May, 23)

There seemed to be a

critical Magnitude

E between 6.4 and 7.4 for

= the KAGRA survival.

| In the KAGRA site

-+ Shindo:0.5 for M6.4

] with short shaking,
* Shindo:3 for M7.4

with longer shaking.




Thermal Noises are Visible ?

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

-15 —
10 ——10:30 UTC, 20241121
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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

* O4a: 2023-05-24 to 2024-01-16

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

e O4c: 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/
* 04 Significant Detection Candidates:186

* 04b Significant Detection Candidates: 105

e (Od4a 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

Summary

® Commissioning to reach the 10Mpc BNS range sensitivity is ongoing.

® The effect of suspension control modification and OMC stack recovery
was verified in sensitivity.

® Full ASC enabled stable commissioning work, PEM and noise budgeting
activities.

® We still encountered several troubles that delayed the schedule.
® We would like to rejoin O4 around Spring.
® 04 has reported 186 significant detection candidates.

® 3 papers about 04 events have been published.
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