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The gravitational wave detectors LIGO and Virgo have so far detected gravitational wave signals
from 90 compact binary coalescences including two from neutron star binary mergers. Those
detections are revolutionizing our understanding of the universe. This ongoing revolution will
be accelerated by more accurate localizations of the gravitational wave sources and by longer
coincident observation by multi-detectors, which will be made possible using as many detectors
as possible. KAGRA is a gravitational wave detector built at Kamioka in Gifu prefecture, Japan,
well away from the LIGO and Virgo detectors, with unique features of having cryogenic mirrors
and being built underground. KAGRA can be a prototype for next-generation gravitational wave
detectors and our experiences benefit those detectors that would have those features to achieve
further sensitivity to gravitational waves. In this presentation, the status of KAGRA is given.
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1. Introduction

The Laser Interferometer Gravitational-wave Observatory (LIGO) [1] which comprises two
detectors at Hanford and Livingston in the US detected gravitational waves (GWs) from a black hole
binary merger in 2015, and this epoch-making detection has opened up a new field in astronomy
by means of gravitational wave observation. In August 2017, the Virgo gravitational wave detector
[2] joined the second observing run conducted by LIGO and three detectors soon detected GWs
from a black hole binary on August 14. It was just three days later that the two LIGO detectors
and Virgo detected GWs from a binary neutron star (BNS) merger named GW170817, where
associated gamma-ray emission was observed 1.7 seconds later from GWs. The worldwide follow-
up campaign was conducted with electromagnetic telescopes for years, giving us a clue into the
long-standing mystery of the origins of gamma-ray bursts. This event then was one of the beginnings
of multi-messenger astronomy.

It is noteworthy that the signal-to-noise ratio for GW170817 of Virgo was just 2, yet that
smallness allowed for better localization of the GW source than that could be achieved by two
LIGO detectors. In fact, observing GW signals with multi-detectors is essential to localize GW
sources, thereby making multi-messenger astronomy possible [3]. Also interesting to note is that
finding the number of the polarization states of GWs, as a test of general relativity, is possible with
multi-detector observation [4]. As such, the fourth GW detector KAGRA [5, 6] is long-awaited in
the GW and multi-messenger astronomy communities.

KAGRA has two key features as a GW detector to mitigate two of the most troublesome
obstacles against GW detections: it has cryogenic mirrors and is built underground. LIGO, Virgo,
and KAGRA are all laser interferometers. As typical GW amplitudes are extremely small, efforts
to detect GWs have mostly been those to mitigate noise from various origins. Those include the
seismic motion of the ground, thermal fluctuations of the mirrors and their suspensions in the
interferometer, radiation pressure and shot noise of the laser, interference by scattering and stray
light, frequency and intensity fluctuation of the laser, acoustic vibration, and so on. In fact, even
LIGO took 13 years for its first detection since its first observing run in 2002 with its BNS range
of ∼ 200 kpc, which tells how far on average over the sky the detector can see if a source is BNS
and is a figure of merit of the detector sensitivity. Being built underground, we see the reduction of
the noise due to the seismic motion in the KAGRA data, while we mitigate thermal noise by using
cryogenic mirrors. A lower seismic noise level is also important for stable operation. These two
features would be adopted to some extent in designs of next-generation GW detectors like Einstein
Telescope [7]. KAGRA provides valuable information on the pros and cons of those features as a
prototype for those next-generation detector plans [8].

The KAGRA project was approved in 2010. The tunnel excavation started in 2012 and finished
in 2014. In 2019, KAGRA finished all installations with the designed configuration, which we
call the baseline-design KAGRA. We conducted the test operation using room temperature mirrors
in 2016 (the iKAGRA operation) and with the cryogenic mirrors in 2018 (the bKAGRA phase-I
operation), and finally conducted the joint observing run with the GEO600 GW detector in Germany
[9] in 2020 April, called O3GK [10]. At that time the BNS range was approximately 500 kpc on
average. Since then, we have been working on improving both sensitivity and stability of the
detector [11]. While Virgo was still under commissioning, the two LIGO detectors and KAGRA
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started the fourth observation run called O4 on May 24, 2023. The BNS ranges are ∼ 150 Mpc for
the LIGO detectors and was ∼ 1.3 Mpc for KAGRA. The observing run will last 20 calendar months
but KAGRA stopped the observation as previously planned, and we work for further improvements
in sensitivity as well as stability and plan to rejoin the run in 2024 spring. This contribution reviews
our efforts before O4 and the recent detector status.

2. KAGRA and its O4a run

The O4 run is split into at least two segments, O4a and O4b. We realized a power-recycled
Fabry-Pérot Michelson interferometer (PRFPMI) with a DC-readout configuration in O4a. We
dedicated a week to calibration and detector characterization work from May 17 to 24. The
calibration and detector characterization in KAGRA are described in [12, 13]. Our observation
started on May 24 and ended on June 21, while LIGO continues its observation. The duty factor
(the ratio of the time the detector is capable of taking observing data to the total calendar days)
was 80% while it was 53% in O3GK. It was found that earthquakes were the main cause of making
the interferometer out of operation. With the BNS range of 1.3 Mpc on average, no GW candidate
has so far been detected by KAGRA. The sensitivity curve during the O3GK run and various noise
contributions are shown in Fig. 1.

Figure 1: The KAGRA sensitivity curve during O3GK and various noise sources. The O4a sensitivity
curve shall be presented in our forthcoming paper. The Type-A control noise had a large impact at lower
frequencies and thereby the BNS range. In the KAGRA O4a run, we succeeded in reducing the Type-A
control noise in lower frequencies and laser noises in higher frequencies.

We plan to adopt the resonant-sideband-extraction (RSE) technique to achieve the design
sensitivity. Figure 2 shows the optical configuration of the interferometer. We plan to cool the four
sapphire mirrors at ETMX(Y) and ITMX(Y) to cryogenic temperature in future observation runs
but at this moment only ETMX has been cooled down to around 87 K while ITMX, ETMY, and
ITMY are at 250 K by radiation cooling. In fact, we have succeeded in a continuous cryogenic
operation of over a year at the cryogenic x-arm end test mass chamber. The finesse values are ∼
1420 and ∼ 1350 for the X-arm and Y-arm Fabry-Pérot cavities, respectively.

3



P
o
S
(
I
C
R
C
2
0
2
3
)
1
5
5
5

Status of KAGRA Yousuke Itoh

Figure 2: KAGRA schematic optical layout. KAGRA is a resonant sideband extraction (RSE) detector
with the Fabry-Pérot, power-recycling, and signal-recycling cavities. All mirrors with labels are suspended
inside the vacuum tanks with four types of vibration isolation systems, e.g., test masses (TMs) by the Type-A
suspension system. ITMX (Y): input test mass X(Y), ETMX (Y): end test mass X (Y), BS: beam splitter,
PRM: power recycling mirror, SRM: signal recycling mirror, IMMT (OMMT): input (output) mode-matching
telescope, IFI (OFI): input (output) Faraday isolator

3. Recent efforts and achievements for sensitivity improvements and better stability

We worked on various things and achieved improved performance of the detector toward
our participation in the O4a run. Here we briefly explain some of the major improvements and
achievements. Parts of the efforts and achievements for the O4 run shall be presented in more detail
by other contributions at this conference.

3.1 Cryogenic system

We had seen frosting on sapphire mirrors when those were cooled down, resulting in unaccept-
ably low finesse. For a resolution, we have taken the following measures. We set a new regulation
on acceptable vacuum leak level from 10−9 Pa m3/sec to 10−10 Pa m3/sec. Mass spectrometers
were introduced in each cryostat for monitoring N2, O2, and H2O molecules. We have established a
sophisticated multi-step cooling procedure to reduce the amount of frost. We also installed heaters
at the intermediate mass to enhance the speed of the heating, preparing for emergencies where we
may have to heat the mirrors to room temperature quickly. As a result of all the measures above,
we see no serious reduction in finesse until now.

Frosting on the windows of the cryo-chambers where the optical lever lights pass through was
also a problem, giving us unreliable information on the mirror alignments. This in turn resulted
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in unreliable pitch and yaw damping control for the mirrors. We thus installed heaters at the inner
and outer radiation shields, seeing no serious frosting now, although we need to watch the shields
carefully when those will be cooled down at and below 40 K.

When the cryo-payload was cooled down, the physical stiffness of the suspensions was enhanced
and the suspended mirrors were lifted up, troubling the interferometer alignment control. We
implemented a new system to measure the heights of the mirrors using already installed cameras
called TCam.

The birefringence of the sapphire mirrors is one of the biggest and long-standing problems
in KAGRA. We developed an optical simulator for the interferometer that enables us to study the
effects of the sapphire birefringence. See also [14, 15] for the sapphire mirrors and [16, 17] for
vibrations of the cooling system.

3.2 High-power laser

We installed a new high-power laser (HPL) in the pre-stabilized laser (PSL) room with the
maximum power being 60 W (40 W at the time of O3GK). Locks of the input mode cleaner (IMC)
with this HPL were realized. The laser intensity stabilization system was improved and we achieved
relative intensity noise (RIN) of 10−8, which meets the requirement for the O4b run. Indeed, this is
1-1.5 orders of magnitude better RIN compared with the system during the O3GK run. Adjustment
of this HPL at the KAGRA site is ongoing.

3.3 Alignment sensing and control

We successfully implemented the alignment sensing and control (ASC) system including the
waveform sensing (WFS) and the beam position control (BPC), except for the power-recycling
mirror 3 (PR3) chamber and input test masses (ITMs). Drastic enhancement of the intra-cavity
power and its stability have been observed. The resulting smaller contrast fluctuation at the anti-
symmetric port will allow for injecting more laser power into the interferometer. We expect a
noticeable reduction of shot noise in the O4b run.

3.4 Vibration isolation system, baffles, and vacuum

We found some faults in all the type-A suspensions almost 2 years ago after the O3GK run.
The repair work and health checks on the type-A suspensions were completed before pumping
the vacuum tanks. The checks were on sensor spectra, transfer functions, actuator performance
and balance, low actuator coupling, securing proper positions of the instruments and sensors, and
resonance damping systems among others. We verified that there were no unintentional contacts
among the instruments and no disorders inside the suspensions, except for one geometric-anti-spring
(GAS) filter. In addition, we installed ribbon heaters and introduced a temperature control system to
stabilize the GAS filters in the suspensions. For VIS control, low-noise linear variable differential
transformers (LVDT) were installed for IX, EX, IY, and EY. The control scheme will be refined
with these new LVDTs. With all the efforts above, we have successfully reduced the control noise
to a quite low level in the type-A/B/Bp suspensions except for the type-A suspension for the ETMX.
See [18–21] about details of our pre-O4a work on VIS.

Mid-size baffles were installed in the center area and optical dumps were installed in the tanks
housing the input Faraday isolator (IFI), input mode matching telescope (IMMT), output mode
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cleaner (OMC), output mode matching telescope (OMMT) to mitigate scattered or stray light. In
fact, stray light causes non-stationary noise, and mitigation of it is the key to achieving better
sensitivity and quality of the data from the current KAGRA detector. We will make a quantitative
study on the effects of these baffles on sensitivity and data quality. As for OMC, repair work was
completed and lower loss was realized.

We installed gate-valves to separate the central area from the housings for the signal recycling
mirrors and the power recycling mirrors. These additional gate-valves saved time for the repair
work for the IFI and OMC vacuum tanks. We have realized the leak level of 10−10 Pa m3/sec,
although serious leaks at the hermetic pins at the beam splitter and around the Y-end are found.

4. Outlook

Approved two decades later than the LIGO and Virgo projects, the KAGRA project has been
showing remarkably rapid progress. Being built underground and the use of cryogenic mirrors
are the two key features that would be adopted in next-generation GW detector plans. After the
successful participation in the early O4a run, KAGRA is now in commissioning. We plan to join
the O4b run in spring 2024 with improved sensitivity of the BNS range of 3∼10 Mpc hopefully.
In the meantime, investigation of the effects of the environmental disturbances on the detector
performance and post-data-taking noise reduction techniques have been studied [22–25].

After the O4 run, the international GW detector network would conduct O5 run [26].1 Toward
future runs, we are working on possibilities of introducing a frequency-dependent squeezing tech-
nique to tackle the standard quantum limit [27, 28], obtaining larger sapphire mirrors, a higher power
laser, and so on. KAGRA will contribute to the international GW detector network in the near future.
KAGRA is expected to provide invaluable information about underground cryogenic interferometer
construction and operation for future GW detector plans such as the Einstein Telescope.

Acknowledgements

This work was supported by MEXT, JSPS Leading-edge Research Infrastructure Program,
JSPS Grant-in-Aid for Specially Promoted Research 26000005, JSPS Grant-inAid for Scientific
Research on Innovative Areas 2905: JP17H06358, JP17H06361 and JP17H06364, JSPS Core-
to-Core Program A. Advanced Research Networks, JSPS Grantin-Aid for Scientific Research (S)
17H06133 and 20H05639, JSPS Grant-in-Aid for Transformative Research Areas (A) 20A203:
JP20H05854, the joint research program of the Institute for Cosmic Ray Research, University of
Tokyo, National Research Foundation (NRF), Computing Infrastructure Project of Global Science
experimental Data hub Center (GSDC) at KISTI, Korea Astronomy and Space Science Institute
(KASI), and Ministry of Science and ICT (MSIT) in Korea, Academia Sinica (AS), AS Grid
Center (ASGC) and the National Science and Technology Council (NSTC) in Taiwan under grants
including the Rising Star Program and Science Vanguard Research Program, Advanced Technology
Center (ATC) of NAOJ, and Mechanical Engineering Center of KEK.

1See https://observing.docs.ligo.org/plan/ for the latest information.

6



P
o
S
(
I
C
R
C
2
0
2
3
)
1
5
5
5

Status of KAGRA Yousuke Itoh

References

[1] C. Cahillane and G. Mansell. Review of the Advanced LIGO Gravitational Wave Observatories
Leading to Observing Run Four. Galaxies, 10(1):36, 2022.

[2] I. Nardecchia. Detecting Gravitational Waves with Advanced Virgo. Galaxies, 10(1):28, 2022.

[3] LIGO Scientific Collaboration, Virgo Collaboration, and KAGRA Collaboration. Prospects
for observing and localizing gravitational-wave transients with Advanced LIGO, Advanced
Virgo and KAGRA. Living Reviews in Relativity, 23(1):3, 2020.

[4] T. Akutsu et al. Overview of KAGRA: KAGRA science. Progress of Theoretical and
Experimental Physics, 2021(5):05A103, 2021.

[5] T. Akutsu et al. Overview of KAGRA: Detector design and construction history. Progress of
Theoretical and Experimental Physics, 2021(5):05A101, 2021.

[6] H. Abe et al. The Current Status and Future Prospects of KAGRA, the Large-Scale Cryogenic
Gravitational Wave Telescope Built in the Kamioka Underground. Galaxies, 10(3):63, 2022.

[7] Michele Maggiore et al. Science case for the Einstein telescope. Journal of Cosmology and
Astroparticle Physics, 2020(3):050, 2020.

[8] F. Badaracco et al. KAGRA underground environment and lessons for the Einstein Telescope.
Physical Review D, 104(4):042006, 2021.

[9] Fabio Bergamin et al. Characterization and evasion of backscattered light in the squeezed-light
enhanced gravitational wave interferometer GEO 600. arXiv e-prints, page arXiv:2305.18284,
2023.

[10] LIGO Scientific Collaboration, Virgo Collaboration, and KAGRA Collaboration. First joint
observation by the underground gravitational-wave detector KAGRA with GEO 600. Progress
of Theoretical and Experimental Physics, 2022(6):063F01, 2022.

[11] Y. Michimura et al. Prospects for improving the sensitivity of the cryogenic gravitational wave
detector KAGRA. Physical Review D, 102(2):022008, 2020.

[12] T. Akutsu et al. Overview of KAGRA: Calibration, detector characterization, physical environ-
mental monitors, and the geophysics interferometer. Progress of Theoretical and Experimental
Physics, 2021(5):05A102, 2021.

[13] Y. Inoue et al. Development of Advanced Photon Calibrator for KAGRA. arXiv e-prints, page
arXiv:2302.12180, 2023.

[14] E. Hirose et al. Characterization of Core Optics in Gravitational-Wave Detectors: Case Study
of KAGRA Sapphire Mirrors. Physical Review Applied, 14(1):014021, 2020.

[15] P. B. Li and othres. Optical Characterization of Sapphire Test Mirror in KAGRA Gravitational
Wave Detector. Acta Astronomica Sinica, 62(6):62, 2021.

7



P
o
S
(
I
C
R
C
2
0
2
3
)
1
5
5
5

Status of KAGRA Yousuke Itoh

[16] R. Bajpai et al. Vibration analysis of KAGRA cryostat at cryogenic temperature. Classical
and Quantum Gravity, 39(16):165004, 2022.

[17] R. Bajpai et al. Estimation of Newtonian noise from the KAGRA cooling system. Physical
Review D, 107(4):042001, 2023.

[18] T. Akutsu et al. Compact integrated optical sensors and electromagnetic actuators for vibration
isolation systems in the gravitational-wave detector KAGRA. Review of Scientific Instruments,
91(11):115001, 2020.

[19] T. Akutsu et al. An arm length stabilization system for KAGRA and future gravitational-wave
detectors. Classical and Quantum Gravity, 37(3):035004, 2020.

[20] T. Akutsu et al. Vibration isolation systems for the beam splitter and signal recycling mirrors
of the KAGRA gravitational wave detector. Classical and Quantum Gravity, 38(6):065011,
2021.

[21] Y. Zhao et al. Investigation of crackling noise in the vibration isolation systems of the KAGRA
gravitational wave detector. Physics Letters A, 416:127664, 2021.

[22] A. Longo et al. Local Hurst Exponent Computation of Data from Triaxial Seismometers
Monitoring KAGRA. Pure and Applied Geophysics, 178(9):3461–3470, 2021.

[23] T. Washimi et al. Response of the underground environment of the KAGRA observatory
against the air pressure disturbance from the Tonga volcanic eruption on January 15, 2022.
Progress of Theoretical and Experimental Physics, 2022(11):113H02, 2022.

[24] H. Abe et al. Noise subtraction from KAGRA O3GK data using Independent Component
Analysis. Classical and Quantum Gravity, 40(8):085015, 2023.

[25] S. Hoshino et al. Evaluation of the microseismic motion at the KAGRA site based on the
ocean wave data. arXiv e-prints, page arXiv:2306.12437, 2023.

[26] P. Brady, G. Losurdo, and H. Shinkai. LIGO, VIRGO, and KAGRA as the International
Gravitational Wave Network. In Handbook of Gravitational Wave Astronomy. Edited by C.
Bambi, page 51. 2022.

[27] K. Somiya. Quantum noise reduction techniques in KAGRA. European Physical Journal D,
74(1):10, 2020.

[28] Yuhang Zhao et al. Improving the stability of frequency-dependent squeezing with bichromatic
control of filter cavity length, alignment, and incident beam pointing. Physical Review D,
105(8):082003, 2022.

8



P
o
S
(
I
C
R
C
2
0
2
3
)
1
5
5
5

Status of KAGRA Yousuke Itoh

Full Authors List: KAGRA collaboration

H. Abe1, T. Akutsu 2,3, M. Ando4,5, M. Aoumi6, A. Araya 7, N. Aritomi 8, Y. Aso 2,9, S. Bae 10, R. Bajpai 2, K. Cannon 5,
Z. Cao 11, R.-J. Chang12, A. H.-Y. Chen13, D. Chen 14, H. Chen15, Y. Chen15, A. Chiba16, R. Chiba17, C. Chou18, M. Eisenmann2,
S. Fujii17, I. Fukunaga19, D. Haba1, S. Haino20, W.-B. Han 21, H. Hayakawa6, K. Hayama22, Y. Himemoto 23, N. Hirata2, C. Hirose24,
S. Hoshino24, H.-F. Hsieh 25, C. Hsiung26, S.-C. Hsu 27,25, D. C. Y. Hui 28, K. Inayoshi 29, Y. Itoh 19,30, M. Iwaya17, H.-
B. Jin 31,32, K. Jung 33, T. Kajita 34, M. Kamiizumi 6, N. Kanda 30,19, J. Kato16, T. Kato17, S. Kim 28, N. Kimura6, T. Kiyota19,
K. Kohri 35, K. Kokeyama 36, K. Komori 5,4, A. K. H. Kong 25, N. Koyama24, J. Kume 5, S. Kuroyanagi 38,37, S. Kuwahara5,
K. Kwak 33, S. Lai18, H. W. Lee 39, R. Lee 15, S. Lee 40, M. Leonardi 41,2, K. L. Li 12, L. C.-C. Lin 12, C-Y. Lin 42,
E. T. Lin 25, G. C. Liu 26, L.-T. Ma25, K. Maeda16, M. Matsuyama19, M. Meyer-Conde 19, Y. Michimura 43,5, N. Mio44,
O. Miyakawa 6, S. Miyamoto17, S. Miyoki 6, S. Morisaki 17, Y. Moriwaki 16, M. Murakoshi45, K. Nakamura 2, H. Nakano 46,
T. Narikawa17, L. Nguyen Quynh 47, Y. Nishino2,48, A. Nishizawa 5, K. Obayashi45, J. J. Oh 49, K. Oh 28, M. Ohashi 6,
M. Ohkawa 24, K. Oohara 50,51, Y. Oshima 4, S. Oshino 6, M. A. Page 2, K.-C. Pan 15,25, J. Park 40, F. E. Peña Arellano 6,
S. Saha 25, K. Sakai52, T. Sako16, R. Sato24, S. Sato16, Y. Sato16, T. Sawada 6, Y. Sekiguchi 53, L. Shao 29, Y. Shikano 54,55,
K. Shimode 6, H. Shinkai 56, J. Shiota45, K. Somiya 1, T. Suzuki 24, T. Suzuki1, H. Tagoshi 17, H. Takahashi 57, R. Taka-
hashi 2, A. Takamori 7, K. Takatani19, H. Takeda 58, M. Takeda19, M. Tamaki17, K. Tanaka59, S. J. Tanaka 45, T. Tanaka 58,
A. Taruya 60, T. Tomaru 2, K. Tomita19, T. Tomura 6, A. Toriyama45, A. A. Trani 5, S. Tsuchida 61, N. Uchikata 17,
T. Uchiyama 6, T. Uehara 62, K. Ueno 5, T. Ushiba 6, M. H. P. M. van Putten 63, H. Wang 4, T. Washimi 2, C. Wu 15,
H. Wu 15, K. Yamamoto 16, M. Yamamoto16, T. Yamamoto 6, T. S. Yamamoto 37, S. Yamamura17, R. Yamazaki 45, L.-C. Yang18,
Y. Yang 18, S.-W. Yeh15, J. Yokoyama 5,4, T. Yokozawa6, H. Yuzurihara 6, Y. Zhao 17,2, Z.-H. Zhu 11,64

(The KAGRA Collaboration)
1Graduate School of Science, Tokyo Institute of Technology, 2-12-1 Ookayama, Meguro-ku, Tokyo 152-8551, Japan
2Gravitational Wave Science Project, National Astronomical Observatory of Japan, 2-21-1 Osawa, Mitaka City, Tokyo 181-8588, Japan
3Advanced Technology Center, National Astronomical Observatory of Japan, 2-21-1 Osawa, Mitaka City, Tokyo 181-8588, Japan
4Department of Physics, The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-0033, Japan
5Research Center for the Early Universe (RESCEU), The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-0033, Japan
6Institute for Cosmic Ray Research, KAGRA Observatory, The University of Tokyo, 238 Higashi-Mozumi, Kamioka-cho, Hida City,
Gifu 506-1205, Japan
7Earthquake Research Institute, The University of Tokyo, 1-1-1 Yayoi, Bunkyo-ku, Tokyo 113-0032, Japan
8LIGO Hanford Observatory, Richland, WA 99352, USA
9The Graduate University for Advanced Studies (SOKENDAI), 2-21-1 Osawa, Mitaka City, Tokyo 181-8588, Japan
10Korea Institute of Science and Technology Information (KISTI), 245 Daehak-ro, Yuseong-gu, Daejeon 34141, Republic of Korea
11Department of Astronomy, Beĳing Normal University, Xinjiekouwai Street 19, Haidian District, Beĳing 100875, China
12Department of Physics, National Cheng Kung University, No.1, University Road, Tainan City 701, Taiwan
13Institute of Physics, National Yang Ming Chiao Tung University, 101 Univ. Street, Hsinchu, Taiwan
14Kamioka Branch, National Astronomical Observatory of Japan, 238 Higashi-Mozumi, Kamioka-cho, Hida City, Gifu 506-1205,
Japan
15Department of Physics, National Tsing Hua University, No. 101 Section 2, Kuang-Fu Road, Hsinchu 30013, Taiwan
16Faculty of Science, University of Toyama, 3190 Gofuku, Toyama City, Toyama 930-8555, Japan
17Institute for Cosmic Ray Research, KAGRA Observatory, The University of Tokyo, 5-1-5 Kashiwa-no-Ha, Kashiwa City, Chiba
277-8582, Japan
18Department of Electrophysics, National Yang Ming Chiao Tung University, 101 Univ. Street, Hsinchu, Taiwan
19Department of Physics, Graduate School of Science, Osaka Metropolitan University, 3-3-138 Sugimoto-cho, Sumiyoshi-ku, Osaka
City, Osaka 558-8585, Japan
20Institute of Physics, Academia Sinica, 128 Sec. 2, Academia Rd., Nankang, Taipei 11529, Taiwan
21Shanghai Astronomical Observatory, Chinese Academy of Sciences, 80 Nandan Road, Shanghai 200030, China
22Department of Applied Physics, Fukuoka University, 8-19-1 Nanakuma, Jonan, Fukuoka City, Fukuoka 814-0180, Japan
23College of Industrial Technology, Nihon University, 1-2-1 Izumi, Narashino City, Chiba 275-8575, Japan
24Faculty of Engineering, Niigata University, 8050 Ikarashi-2-no-cho, Nishi-ku, Niigata City, Niigata 950-2181, Japan
25Institute of Astronomy, National Tsing Hua University, No. 101 Section 2, Kuang-Fu Road, Hsinchu 30013, Taiwan
26Department of Physics, Tamkang University, No. 151, Yingzhuan Rd., Danshui Dist., New Taipei City 25137, Taiwan
27Department of Physics, University of Washington, 3910 15th Ave NE, Seattle, WA 98195, USA
28Department of Astronomy and Space Science, Chungnam National University, 9 Daehak-ro, Yuseong-gu, Daejeon 34134, Republic
of Korea
29Kavli Institute for Astronomy and Astrophysics, Peking University, Yiheyuan Road 5, Haidian District, Beĳing 100871, China
30Nambu Yoichiro Institute of Theoretical and Experimental Physics (NITEP), Osaka Metropolitan University, 3-3-138 Sugimoto-cho,
Sumiyoshi-ku, Osaka City, Osaka 558-8585, Japan
31National Astronomical Observatories, Chinese Academic of Sciences, 20A Datun Road, Chaoyang District, Beĳing, China
32School of Astronomy and Space Science, University of Chinese Academy of Sciences, 20A Datun Road, Chaoyang District, Beĳing,
China
33Department of Physics, Ulsan National Institute of Science and Technology (UNIST), 50 UNIST-gil, Ulju-gun, Ulsan 44919, Republic

9



P
o
S
(
I
C
R
C
2
0
2
3
)
1
5
5
5

Status of KAGRA Yousuke Itoh

of Korea
34Institute for Cosmic Ray Research, The University of Tokyo, 5-1-5 Kashiwa-no-Ha, Kashiwa City, Chiba 277-8582, Japan
35Institute of Particle and Nuclear Studies (IPNS), High Energy Accelerator Research Organization (KEK), 1-1 Oho, Tsukuba City,
Ibaraki 305-0801, Japan
36School of Physics and Astronomy, Cardiff University, The Parade, Cardiff, CF24 3AA, UK
37Department of Physics, Nagoya University, ES building, Furocho, Chikusa-ku, Nagoya, Aichi 464-8602, Japan
38Instituto de Fisica Teorica UAM-CSIC, Universidad Autonoma de Madrid, 28049 Madrid, Spain
39Department of Computer Simulation, Inje University, 197 Inje-ro, Gimhae, Gyeongsangnam-do 50834, Republic of Korea
40Technology Center for Astronomy and Space Science, Korea Astronomy and Space Science Institute (KASI), 776 Daedeokdae-ro,
Yuseong-gu, Daejeon 34055, Republic of Korea
41Department of Physics, University of Trento, via Sommarive 14, Povo, 38123 TN, Italy
42National Center for High-performance computing, National Applied Research Laboratories, No. 7, R&D 6th Rd., Hsinchu Science
Park, Hsinchu City 30076, Taiwan
43LIGO Laboratory , California Institute of Technology, 1200 East California Boulevard, Pasadena, CA 91125, USA
44Institute for Photon Science and Technology, The University of Tokyo, 2-11-16 Yayoi, Bunkyo-ku, Tokyo 113-8656, Japan
45Department of Physical Sciences, Aoyama Gakuin University, 5-10-1 Fuchinobe, Sagamihara City, Kanagawa 252-5258, Japan
46Faculty of Law, Ryukoku University, 67 Fukakusa Tsukamoto-cho, Fushimi-ku, Kyoto City, Kyoto 612-8577, Japan
47Department of Physics and Astronomy, University of Notre Dame, 225 Nieuwland Science Hall, Notre Dame, IN 46556, USA
48Department of Astronomy, The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-0033, Japan
49National Institute for Mathematical Sciences, 70 Yuseong-daero, 1689 Beon-gil, Yuseong-gu, Daejeon 34047, Republic of Korea
50Graduate School of Science and Technology, Niigata University, 8050 Ikarashi-2-no-cho, Nishi-ku, Niigata City, Niigata 950-2181,
Japan
51Niigata Study Center, The Open University of Japan, 754 Ichibancho, Asahimachi-dori, Chuo-ku, Niigata City, Niigata 951-8122,
Japan
52Department of Electronic Control Engineering, National Institute of Technology, Nagaoka College, 888 Nishikatakai, Nagaoka City,
Niigata 940-8532, Japan
53Faculty of Science, Toho University, 2-2-1 Miyama, Funabashi City, Chiba 274-8510, Japan
54Graduate School of Science and Technology, Gunma University, 4-2 Aramaki, Maebashi, Gunma 371-8510, Japan
55Institute for Quantum Studies, Chapman University, 1 University Dr., Orange, CA 92866, USA
56Faculty of Information Science and Technology, Osaka Institute of Technology, 1-79-1 Kitayama, Hirakata City, Osaka 573-0196,
Japan
57Research Center for Space Science, Advanced Research Laboratories, Tokyo City University, 8-15-1 Todoroki, Setagaya, Tokyo
158-0082, Japan
58Department of Physics, Kyoto University, Kita-Shirakawa Oiwake-cho, Sakyou-ku, Kyoto City, Kyoto 606-8502, Japan
59Institute for Cosmic Ray Research, Research Center for Cosmic Neutrinos, The University of Tokyo, 5-1-5 Kashiwa-no-Ha, Kashiwa
City, Chiba 277-8582, Japan
60Yukawa Institute for Theoretical Physics (YITP), Kyoto University, Kita-Shirakawa Oiwake-cho, Sakyou-ku, Kyoto City, Kyoto 606-
8502, Japan
61National Institute of Technology, Fukui College, Geshi-cho, Sabae-shi, Fukui 916-8507, Japan
62Department of Communications Engineering, National Defense Academy of Japan, 1-10-20 Hashirimizu, Yokosuka City, Kanagawa
239-8686, Japan
63Department of Physics and Astronomy, Sejong University, 209 Neungdong-ro, Gwangjin-gu, Seoul 143-747, Republic of Korea
64School of Physics and Technology, Wuhan University, Bayi Road 299, Wuchang District, Wuhan, Hubei, 430072, China

10


	Introduction
	KAGRA and its O4a run
	Recent efforts and achievements for sensitivity improvements and better stability
	Cryogenic system
	High-power laser
	Alignment sensing and control
	Vibration isolation system, baffles, and vacuum

	Outlook

