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Round up!

White paper 
2024 released

PD ordered, QPD next

With Cardiff

M. Honjo?

Results 
presented 
at LVK

Still thinking...
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LIGO

Virgo

TAMA300

KAGRA

COVID-19

Noto Earthquake (M7.6)

Michimura-san

at Caltech



Other Things in 2024
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PASCOS2024 @ Quy Nhon

量子センシング研究会 @ 山口

https://arxiv.org/abs/2503.12960
https://arxiv.org/abs/2504.05001
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Every talk is 

a job talk



• I need to increase the productivity (as always!)

Productivity
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Grants
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French-Japanese 

Bilateral (new)

Levitation

mirror fab.

Gakuhen A

Dark matter

Kiban B Co-I:

Birefringence

mitigation

Kiban B: Birefringence noise

Kiban B Co-I

(new):

B-L DM

Houga:

Levitation

• Applying for 4 (+1 or more) to prepare for the coming years



• Involved in 6 applications in 2024 (+1 still on-going)

• 2 successful, 4 failed

• Statistically as expected but disappointing

• Comments:

- Tokyo

- Quantum

• Hard to convince/judge other fields

Budget Applications
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Popularity Vote

13



• First (faint) detection of GWs in KAGRA

• First axion dark matter search with KAGRA

• Improved vector dark matter search with KAGRA

• In-vac RF QPDs for KAGRA

• Characterization of optical levitation mirrors

• Better quantum nature of gravity experiments

• Michelson interferometer for outreach

• And expecting…

- Axion search with wavelength tunable DANCE

My Plans for 2025
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• Feb 17-19, 2025

Theories of Astrophysical Big Bangs 2025 @ RIKEN

• Apr 23-24, 2025

From Quarks to Neutron Stars: Insights from kHz 

gravitational waves @ Hongo

• Apr 25, 2025

Paul Lasky RESCEU Colloquium @ Hongo

Recent Multi-Messenger Events
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https://indico2.riken.jp/event/4848/
https://indico2.riken.jp/event/5141/
https://indico2.riken.jp/event/5141/
https://www.resceu.s.u-tokyo.ac.jp/RESCEU_Colloquium/resceu-colloquium069.pdf
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Credit: Carl Knox

N. Sarin, P. D. Lasky,

General Relativity and Gravitation 53, 59 (2021)

EM: Gamma-ray burst, kilonova

GW

Early-inspiral:

Mass, Distance, Viewing angle

Late-inspiral:

Tidal deformability, 

Sky localization

Atomic physics
Origin of heavy elements

Origin of GRBs etc.

Equation of state

?
BH formed (~ 7 kHz)

HMNS

R. Harada+, PRD 110, 123005 (2024) 

Inclination

https://doi.org/10.1007/s10714-021-02831-1
https://doi.org/10.1103/PhysRevD.110.123005


• Low BNS event rate

• Also hard to say something

about EOS with a single

event?

Detecting Post-Merger is Hard

17

Little shift if EOS is 

same at low density

BH quasi-normal mode

Fujimoto, Fukushima, Hotokezaka, Kyutoku, PRD 111, 063054 (2025)

Huang, Baiotti, Kojo, Takami, Sotani, 

Togashi, Hatsuda, Nagataki, Fan,

PRL 129, 181101 (2022)

Various peak frequencies

https://doi.org/10.1103/PhysRevD.111.063054
https://doi.org/10.1103/PhysRevLett.129.181101


• Best chance is to measure maximum mass of neutron stars 

and tidal deformability?

• EM counterpart required to say that it had a neutron star

• Sky localization optimized KAGRA is similar to tidal 

deformability optimized KAGRA

→ Multi-messenger optimized KAGRA

Constraining Equation of State

18

Maximum mass?

Tidal deformability?



• Not collapsar due to large offset (~40 kpc) from host galaxy

• Likely BNS merger but long GRB (~ 35 sec)

• Similar kilonova to 170817 but extremely red

GRB230307A Excess

19

170817, 10 days 230307, 29 days

Black body emission?

Dust? Missing radiation transport?

WD-NS/BH?

A. J. Levan+, Nature 626, 737 (2024) 40 kpc

https://doi.org/10.1038/s41586-023-06759-1


• 170817 (short GRB < 2 sec; GW+EM)

• 190425 (GW only)

• 230307 (long GRB ~ 35 sec; EM only)

With or Without GW

20

Probably NS-NS from mass Probably prompt collapse to BH from mass

NS-NS from mass and kilonova MNS lived for O(10~100) msec?

→ short GRB?

Probably NS-NS from kilonova

Could be WD/NS/BH?

MNS lived for O(100~1000) msec?

→ long GRB?

159 Mpc, 10,500 deg2 → 8284 deg2

Detected with

LLO @ 135 Mpc

Virgo @ 48 Mpc

40 Mpc, 31 deg2 → 28 deg2

Detected with

LHO @ 47 Mpc 

LLO @ 96 Mpc

Virgo @ 26 Mpc

Also GRB211211A (long 

GRB ~ 50 sec @ 350 Mpc) 

is similar situation with 

GRB230307A

290 Mpc (from host galaxy)

Probably BH is formed



• For optical/IR follow-up, localization at distance may be 

important… (but also 8 m telescopes have limited availability)

Sky Localization Requirement

21

1 m class telescope

Two LIGO A# (O6)

Two LIGO A# + AdV+ KAGRA (O6)

Original plot by

Masaomi Tanaka

reproduced by YM

(Fisher analyssi)

4 m class

8 m class (Subaru)

Plotted up to 

BNS range

GW170817

GW190425 Event rate based on

O3 estimate

PRX 13, 011048 (2023)

Two LIGO A# + AdV

https://doi.org/10.1103/PhysRevX.13.011048


• From this plot, it seems like HFmod the best choice

• But this plot implicitly assume 100% duty factor

Sky Localization Distribution

22

HLVK                HLV HL



• In reality, some fraction is not well localized due to limited 

duty factor (see below for single detector duty factor of 80% 

case)

Real Sky Localization Distribution
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HLVK             HLV HL

Some are 
completely 
missed

Single detector 
detections cannot 
localize (max deg2)

HLVK covers 90+% of events



• Many events are not well localized with HLV network, but 

mostly covered by HLVK network

Real Sky Localization vs Distance

24

Two LIGO A# (O6)

Two LIGO A# + AdV+ KAGRA (O6)

GW170817

GW190425

Two LIGO A# + AdV

1 m class telescope

4 m class

8 m class (Subaru)

KAGRA range is limited, but far 

events are faint and require 

larger optical telescopes with 

limited availability

8 m class (Rubin 

2025~; southern)



• By integrating probability(<1 deg2) over distance, detection 

rate can be estimated

Detection Rate of  < 1 deg2

25

HL: saturates at ~80 Mpc

HLV: Adding Virgo significantly increases the 

detection rate < 1 deg2

HLVKHFmod is best

up to its BNS range

Saturates at Virgo BNS range

BB40 is the best due to 

higher BNS range 

(above, HLV rate is used)

Future work: Calculate detection 

rate above BNS range in the 

network; this assumes BNS 

range is 1.4-1.4 range for all 

masses (injection test required)



• By integrating probability(<1 deg2) over distance, detection 

rate can be estimated

• 1 deg2  is a typical field of view of optical~IR telescopes

• In this case, BB40 performs better (x1.5 than HLV case!)

• HFmod is also good (also for tidal deformability)

Detection Rate of  < 1 deg2

26

HL HLV bKAGRA BB40 HFmod HF2k HF3k

BNS range 670 Mpc 273 Mpc 152 Mpc 153 Mpc 133 Mpc 109 Mpc 104 Mpc

Median localization [1] 10.6 deg2 0.55 deg2 0.37 deg2 0.28 deg2 0.23 deg2 0.27 deg2 0.30 deg2

< 10 deg2 rate [2] 1.1 /yr 5.3 /yr 5.5 /yr 5.6 /yr 5.5 /yr 5.4 /yr 5.4 /yr

< 1 deg2 rate [2] 0.04 /yr 2.1 /yr 2.4 /yr 2.5 /yr 2.4 /yr 2.2 /yr 2.1 /yr

Post-merger rate [3] < 10-3 /yr < 0.06 /yr < 0.1 /yr < 0.2 /yr

Tidal deformability improvement compared with HL case [4] ~25% ~55% ~45% ~30%

[1] At 135 Mpc, for 100% duty factor case

[2] Detection rate for 80% duty factor case

[3] Detection rate with SNR>5. Depend on neutron star equation of state and BNS event rate. See H. Tagoshi & S. Morisaki, JGW-

P2416311 for details.

[4] Reduction of estimation error due to addition of KAGRA. See S. Morisaki, JGW-G2516593 for details.

https://gwdoc.icrr.u-tokyo.ac.jp/cgi-bin/private/DocDB/ShowDocument?docid=16311
https://gwdoc.icrr.u-tokyo.ac.jp/cgi-bin/private/DocDB/ShowDocument?docid=16311
https://gwdoc.icrr.u-tokyo.ac.jp/cgi-bin/private/DocDB/ShowDocument?docid=16593


Introducing… KAG-Λ

27

KAG-Λ

KAG-Λ

YM+, PRD 102, 022008 (2020)

KAGRA Instrument Science White Paper

JGW-T2416182 (public document)

https://doi.org/10.1103/physrevd.102.022008
https://gwdoc.icrr.u-tokyo.ac.jp/cgi-bin/DocDB/ShowDocument?docid=16182


• Maybe it is more appealing to say median sky localization, 

as detection rate is low (HLV 1.55 deg2 -> HLVK 1.01 deg2)

How About KAGRA O5?

28

Example KAGRA O5 sensitivity of 100 Mpc

(designed quality suspensions/mirrors, 20 W input)



Main Projects
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GW Detectors

Small Cavities

Optomechanics

Cosmic Inflation

Black Holes

Dark Energy

Dark Matter

Equivalence Principle

Quantization of Gravity

Ultimate

Theory of

Gravity



Breaking News

30

GW Detectors

Small Cavities

Optomechanics

Cosmic Inflation

Black Holes

Dark Energy

Dark Matter

Equivalence Principle

Quantization of Gravity

Cosmic 

Birefringence

Dynamical

Dark Energy

Supernova

Relic Neutrino

CP Violation in

Neutrino

Levitated 

Mechanics in 

Space



• Atacama Cosmology Telescope Data Release 6

- 6 m radio telescope in Chile

• Cosmic birefringence angle

ACT DR6

31

T. Louis+, arXiv:2503.14452

Y. Minami/KEK

WMAP9+Planck

gives 0.27±0.08
Eskilt+, PRL 131, 121001 (2023)

Combined ~4σ!?

https://arxiv.org/abs/2503.14452
https://doi.org/10.1103/PhysRevLett.131.121001


• Cosmic birefringence can be explained by axion-like 

particles

• If axions exist,

there could be

multiple axions

(String Axiverse)

Axions for DE and DM

32

Y. Minami/KEK

Two axions?

Dark Energy (low mass) Dark Matter (higher mass)

I. Obata, JCAP 09, 062 (2022)

https://doi.org/10.1088/1475-7516/2022/09/062


• Recent review by Masha Baryakhtar, Leslie Rosenberg, 
Gray Rybka

• Loewer limit can be our goal

Limit on Axion-Photon Coupling

33

M. Baryakhtar+, arXiv:2504.10607

Lower limit
Converted

1/fa to gaγγ

assuming QCD axion

M. Baryakhtar+, PRD 103, 095019 (2021)

PPNP 102, 89 (2018)

https://arxiv.org/abs/2504.10607
https://doi.org/10.1103/PhysRevD.103.095019
https://www.sciencedirect.com/science/article/pii/S014664101830036X?via%3Dihub


• Boson cloud grow by extracting rotational energy of BH

• Lower limit to boson interactions could be obtained from 

black hole spin measurements and/or gravitational wave 

measurements

Black Hole Superradiance

34L. Tsukada+, PRD 103, 083005 (2021)

BH spin reduced as boson cloud grow

Reduced boson cloud if there are interactions

(reduced GW emission, higher BH spin)

Hard to estimate initial spin (unless we see/hear when BH is born)

https://doi.org/10.1103/PhysRevD.103.083005


• Can rule-out some dark photon mass region with 3G 

detectors

• Should be able to do this also for axions

Prospects for Dark Photon

35

D. Jones+, arXiv:2412.00320

Kinetic mixing (mixing between standard photon and dark photon)

https://arxiv.org/abs/2412.00320


DESI, arXiv:2503.14738

• Dark Energy Spectroscopic Instrument Data Release 2

- 4 m optical telescope in Arizona

• Baryon acoustic oscillation measurements from more than 

14 million galaxies and quasars

DESI DR2 BAO

36

-1  0

is ΛDCM

Axion dark energy can both 

explain cosmic birefringence

2.8-4.2σ 

tension

W. Lin+, arXiv:2504.17638

https://arxiv.org/abs/2503.14738
https://arxiv.org/abs/2504.17638


• DESI result is from low-z measurements

• Can be tested with GW standard siren even with 2G

w0waCDM

37

F. B. M. dos Santos+, arXiv:2504.04646

-1 is ΛDCM

z~1 reachable with 2G
z~10 reachable 

with 3G

CMB

z~1100

https://arxiv.org/abs/2504.04646


• With GW standard siren,

H(z) can be measured

• Independent probe for

dynamical dark energy

• This paper assumes

redshift can be somehow

measured

- Hard for kilonova

with high-z

- Using galaxy map

would be possible

With GW Standard Siren

38

F. B. M. dos Santos+, arXiv:2504.04646

T. Namikawa, A. Nishizawa, A. Taruya,

PRL 116, 121302 (2016)

https://arxiv.org/abs/2504.04646
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.116.121302


• With ET, LIGO, DECIGO with 1000 events, DECIGO with 

10k events

With GW Standard Siren

39

F. B. M. dos Santos+, arXiv:2504.04646

I’m not sure why LIGO performs 

better than ET.

Not well explained in the paper 

(ET and LIGO swapped?),

https://arxiv.org/abs/2504.04646


• “At last month’s Neutrino 2024 conference in Milan, Italy, 

Masayuki Harada, a physicist 

at the University of Tokyo,

revealed that the first hints of 

supernova neutrinos…”

• SK (5823 days) + Gd 0.01%

(552 days) + Gd 0.03%(404 days) 

Supernova Relic Neutrinos

40

Nature News 09 July 2024

https://www.nature.com/articles/d41586-024-02074-5
https://agenda.infn.it/event/37867/contributions/233922/attachments/122065/178295/20240620_v9.pdf
https://doi.org/10.1038/d41586-024-02221-y


• Total energy of neutrinos from core-collapse supernova 

depend on the remnant mass of neutron stars and equation 

of state (rate of failed supernova; black hole formation)

Relationship to NS EoS

41

Y. Ashida & K. Nakazato, ApJ 937, 30 (2022)

All BH case

All NS case

(~1.35 Msun)

All high mass NS case 

(>~1.6 Msun)

Ratio of high mass NS

Ratio of BH

Detectable region with SK-Gd 10 yr

Should be able to combine with 

GW observations

https://iopscience.iop.org/article/10.3847/1538-4357/ac8a46


• First joint measurement of neutrino oscillation parameters 

with SK and T2K

• 1.9 σ exclusion of CP conservation

CP Violation in Neutrinos

42

SK & T2K, PRL 134, 011801 (2025)

https://doi.org/10.1103/PhysRevLett.134.011801


• CP violation in quarks is not enough to create matter-

antimatter asymmetry

• Baryon number minus lepton number (B-L) is conserved in 

standard model

• Lepton number violation can create leptons, and then from 

B-L conservation, baryons can be created 

Leptogenesis

43

Left-handed neutrino

(usual neutrino we see)
Right-handed neutrino

(heavy and hard to see)

Seesaw mechanism to explain small neutrino mass

Neutrino and 

anti-neutrino 

are the same

(Majorana)

Since Majorana, can 

decay into lepton or 

anti-lepton.

CP-violating decay 

create lepton number



• U(1)B-L can be gauged by introducing right-handed neutrinos 

to cancel gauge anomaly

• New U(1)B-L symmetry predict B-L gauge boson (Féeton)

• If B-L coupling is small, this can be dark matter

U(1)B-L Extension

44

W. Lin, L. Visinelli, D. Xu, T. T. Yanagida,

PRD 106, 075011 (2022)

Here, we name this the “féeton mechanism.” 

The name “féeton” comes from the French 

word fée for fairy.

https://doi.org/10.1103/PhysRevD.106.075011


• “Through a successful application into the ‘ESA Payload 

Masters’ competition, a position has been secured with The 

Exploration Company (TEC) for our experiment to be 

launched into low Earth orbit in June 2025 for a 3-hour flight 

to experience approximately 30 minutes of micro-g 

conditions as part of their ‘Mission Possible’ Nyx flight.”

Levitation in Space

45

J. Homans+, arXiv:2502.17108

https://arxiv.org/abs/2502.17108


• “Through a successful application into the ‘ESA Payload 

Masters’ competition, a position has been secured with The 

Exploration Company (TEC) for our experiment to be 

launched into low Earth orbit in June 2025 for a 3-hour flight 

to experience approximately 30 minutes of micro-g 

conditions as part of their ‘Mission Possible’ Nyx flight.”

Levitation in Space

46

J. Homans+, arXiv:2502.17108

https://arxiv.org/abs/2502.17108


• Quantum correlations of light mediated by gravity

H. Miao+, PRA 101, 063804 (2020)

• Signatures of the quantum nature of 

gravity in the differential 

motion of two masses

A. Datta+, Quantum Sci. Technol. 6, 045014 (2021)

OK, but small resonant frequency

shift

Gravitational Entanglement

47

https://doi.org/10.1103/PhysRevA.101.063804
https://iopscience.iop.org/article/10.1088/2058-9565/ac1adf


• Inverted Oscillators for Testing Gravity-induced Quantum 

Entanglement

T. Fujita, Y. Kaku, A. Matsumuta, YM, arXiv:2308.14552 

• We proposed to use inverted oscillators to make time it 

takes to generate entanglement fast

• We did not discuss how to measure the entanglement

With Optical Levitation

48

Gravity
induced
entanglement

https://arxiv.org/abs/2308.14552


Entanglement via Classical Gravity

49

Y. Liu+,

PRD 107, 024004 (2023)

https://doi.org/10.1103/PhysRevD.107.024004


Role of Quantum Measurement

50

• D. Miki, Y. Kaku, Y. Liu, Y. Ma, Y. Chen, arXiv:2503.11882

https://arxiv.org/abs/2503.11882


Classical Gravity Models

51

• D. Miki, Y. Kaku, Y. Liu, Y. Ma, Y. Chen, arXiv:2503.11882

For some 

reason 

collapses

Gravity 

generated at 

expectation 

value

Auxiliary 

observers 

measure 

wave function 

and generate 

gravity

https://arxiv.org/abs/2503.11882


• Many exciting advances in 

related fields provide 

further motivation for our 

experiments!

Summary

52
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