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Review of My Plans for 2025

My Plans for 2025 /"°V°" onaoind
First (faint) detection of GWs in KAGRA
First axion dark matter search with KAGRA/ AnalySIS on gomg
Improved vector dark matter search with KAGRA
In-vac RF QPDs for KAGRA — First design|ready
Characterization of optical levitation mirrors ~—0n gomg

Better quantum nature of gravity experiments
Michelson interferometer for outreach

\ Still thinking &

Done ayﬁ.,*

And expecting...
- Axion search with wavelength tunable DANCE

\

Sensitivity improving



Productivity

« Atleast 1 paper/year...
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amount of direct cost (man-

Grants

« Largest budget this year so far

NEXUS & Gakuhen A [

Vibration isolation Dark matter

for levitation \ N\,

‘Bilateral N\ N \HN
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Japanese fiscal year

'13'14'15'16'17'18'19'20'21'22'23'24'25'26'27'28 '290

Total: 40091
DC2 [GW] (200)
Wakate A [LV] (1870)
Houga [Q] (290)
Kiban B [LV] (1340)
Houga [Q] (490)
CREST Co-1[Q] (1930)
Sumitomo [DM] (360)
Kiban S Co-I [GW] (170)
PRESTO [DM] (4000)
Gakuhen A [DM] (9520)
Kiban A Co-I [GW] (80)
Kiban B [GW] (730, active)
Kiban B Co-lI [GW] (907, active)
Takuetsu [GW] (600, active)
Houga [Q] (350, active)
Bilateral [GW] (195, active)
Kiban B Co-I [DM] (6407, active)
Mitsubishi [DM] (1500, active)
FOREST [DM] (2456.2, active)
Google [Q] (60, active)
NEXUS [Q] (2400, active)
Gakuhen A [DM] (10820, active)

Birefringence compensa?on



Grant Appllcatlons 2024-2025

2024/03 KS (Co-I)

Sy JAPAN SOCIETY FOR THE PROMOTION OF SCIENCE
2024/04 KR (Pl, BK) °
2024/05 S (Co-)

ANFHTIRES
2024/08 _E &2z (PI, B1A)

2024/06 G (Pl) *4 ﬁﬂ E

2024/09 E#B (Co-) KAKERNH I
2024/10 ElF (P1) @

2025/01 =£8/H (Pl)eﬂ/fgJ // I RIIAAERIZFR

Fusion Oriented REsearch for disruptive Science and Technolo
2025/03 KS (Co-I) Jor disrap a

. 2025/03 SM (PI) N " —
~+ 2025/05A (Codl, BZE) - H;Hﬁgmﬁ;uﬁsihl ENUATE? jl
. 2025/06 (T)
2025/06 F1iZFA (Co-l) @ ASEANKISE: -
2025/07 NEXUS (PI, HE)@ % NEXU§ «r/z\—,hf.b/ﬂs@:yi;%
2025/09 H (Co-I)

& : Success after Midterm seminar last year
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Probe the physica mechanism of the origin

{ -

rdial
itions
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* Probe the phyS|caI echanlsm of the »orlgln
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FinEx [ FERIEOYIE]

* Probe the physical mechanism of the orlgln
of the Universe Axions | o=l L
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Quantum nature of gravity Gravitational waves
- Dark matter



My Plans for 2026

First contribution to GW parameter estimation from KAGRA
First result from KAGRA axion dark matter search

Improve KAGRA axion dark matter search

In-vac RF QPDs etc. for KAGRA

Characterization of optical levitation mirrors

Start single photon detection experiment
Axion search with wavelength tunable DANCE
TOBA with CHARD, CSOFT

Visit to Singapore
Visit to Lyon
Visit to Caltech

11



Dark ages

Inflation

Primordial
fluctuations




Optical Levitation %

° Proposed |n 201 7 YM, Y. Kuwahara+, Optics Express 25, 13799 (2017) &\:/))M&\:/))
« Trapping force demonstration in 2020 T Kawasaki .. vM

PRA 102, 053520 (2020)

 Mirror fabrication and characterizations since 2014 . '
« Has 100 um thick mirrors to characterize for now

« Will get 25 um thick mirrors in June 2025
- expecting more curvature
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Photos from David Hofmann


https://doi.org/10.1364/OE.25.013799
https://journals.aps.org/pra/abstract/10.1103/PhysRevA.102.053520

KAGRA RSE and Birefringence

« RSE commissioning this year
« Exciting birefringence studies

H. Wang+,
PRD 110, 082007 (2024)

Calculations Measurements

Fluctuations

.

i ’[100]
[011]

[011]

Global
Fluctuations

X [mm]

TABLE III.

50 -50

H. Wang YM+, LIGO-P2600052

XARM

X [mm]

My YARM

ITMX 50
400
J, 4 N ’/ N
Local X i Y 7
. . H . )

50 =50
X [mm]

Inten5|ty

Intensity

50 -50
X [mm]

Comparison of measured p-polarization power
at POP and POS ports with simulation. Values are given
as percentages relative to the total reflected power from the

4 J. Yu+, PRX 13, 041002 (2023) ITMs and arm cavities.
[ -— YM+, PRD 109, 022009 (2024)
Laser 2 Arm POP POS simulation
e I'TM 3.65 £ 0.02 4.98 +0.01 3.66
Cavity 0.77 =0.10 1.78 £0.11 0.34
v ITM 8.07 & 0.04 11.13 +=0.02 7.90
Cavity 1.95 £+ 0.36 417 £+ 0.40 4.52

Static birefringence to

inhomogeneous and/or
time-varying birefringence studies
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https://dcc-lho.ligo.org/LIGO-P2600052
https://dcc-lho.ligo.org/LIGO-P2600052
https://dcc-lho.ligo.org/LIGO-P2600052
https://dcc-lho.ligo.org/LIGO-P2600052
https://doi.org/10.1103/PhysRevD.110.082007
https://doi.org/10.1103/PhysRevD.110.082007
https://doi.org/10.1103/PhysRevD.110.082007
https://doi.org/10.1103/PhysRevX.13.041002
https://doi.org/10.1103/PhysRevX.13.041002
https://doi.org/10.1103/PhysRevX.13.041002
https://doi.org/10.1103/PhysRevD.109.022009
https://doi.org/10.1103/PhysRevD.109.022009
https://doi.org/10.1103/PhysRevD.109.022009

TRY

KAGRA Layout

f1 and f2 sidebands

— Carrier and G\W signal in the arms

in PRC
\ /) Schupp asymmetry (3.33 m)
to have f1 in both PRC and SRC,
=TT 1< 2onlyin PRC
:
\ [
, TRX
POP f1 and G\ sidebands
7.5 20
PRC
SRC
3 8
OSTM
GW signal
I )
Carrier f1 f2 Frequency AS RF

16.88 MHz 45.02 MHz



Binary neutron star range [Mpc]

LlIGO/Virgcl) target<— *
First detection_ o o ‘\*
2
102 ® \
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Impact of KAGRA on Localization

100 BNS_1p4_1p4 [detectable either]

Alvin K. Y. Li, Peony K. K. Lali,
Elwin K. Y. Li, Otto A. Hannuksela,
arXiv:2604.13580

10—1 -

= HLV reference
K1: 1.3 Mpc

K1: 2.0 Mpc

K1: 5.0 Mpc

K1: 10.3 Mpc
K1: 20.0 Mpc
K1: 30.0 Mpc
K1: 50.0 Mpc
K1: 75.0 Mpc
K1: 100.0 Mpc
K1: 150.0 Mpc
K1: 200.0 Mpc BNS 1p4 1p4 [detectable either]
K1: 250.0 Mpc 10* — —

1072 1 B

1073 A Hp

Cumulative fraction of realizations

4 100 deg?

o

107! 10° 10! 102 103 1
90\% credible area (deg?)

4 10° HLV median

LIGO (Hanford) LIGO (Livingston) 3

102 B

Median Ay, (deg?)

101 -

10° 10t 102| I
Sensitivity K1 BNS range (Mpc)


https://arxiv.org/abs/2604.13580
https://arxiv.org/abs/2604.13580

Cumulative probability

Network Duty Factor is Important
« 1~5 BNS detections per year localized < 10 deg?

in O5 With KAGRA
1.0- (100 Mpc)
0.9 With Virgo
0.8
0.7 Hanford and
0.6 Livingston
0.5 * Fisher analysis for BNS
' at 100 Mpc
0.4 - * Single detector duty
factor of 80% assumed
0.3 * BNS merger rate
0.2 90-450 /Gpc3/yr
' See, also:
0.1 R. Weizmann Kiendrebeogo+,
0.0 ApJ 958, 158 (2023)
1071 10° 101 102 103

Sky localization error [deg?] 18


https://iopscience.iop.org/article/10.3847/1538-4357/acfcb1
https://iopscience.iop.org/article/10.3847/1538-4357/acfcb1
https://iopscience.iop.org/article/10.3847/1538-4357/acfcb1
https://iopscience.iop.org/article/10.3847/1538-4357/acfcb1
https://iopscience.iop.org/article/10.3847/1538-4357/acfcb1
https://iopscience.iop.org/article/10.3847/1538-4357/acfcb1
https://iopscience.iop.org/article/10.3847/1538-4357/acfcb1

Network Duty Factor is Important
« 1~5 BNS detections per year localized < 10 deg?

With KAGRA
(100 Mpc)
With Virgo

Hanford and
Livingston

* Fisher analysis for BNS

at 100 Mpc

* Single detector duty

factor of 80% assumed

* BNS merger rate
90-450 /Gpc3/yr

See, also:
R. Weizmann Kiendrebeogo+,
ApJ 958, 158 (2023)

in O5
1.0 ~90% chance ~.
0.9 -
~80% chance
> 0.8 ~
50.7- !
|
0
|
2 06 -30% chance 3 S G
v 0.5 L o I
> P ' o
© 0.4 I O _g : I :
S 1 ¢3 =
= /T
© 0.2
0.1 2
0.0 —— bt L
107 10° 101 107

Sky localization error [deg?]

103
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https://iopscience.iop.org/article/10.3847/1538-4357/acfcb1
https://iopscience.iop.org/article/10.3847/1538-4357/acfcb1
https://iopscience.iop.org/article/10.3847/1538-4357/acfcb1

Intriguing Hints for Axions and B-L

Axion like particles

Y. Minami and E. Komatsu, PRL 125, 221301 (2020) etc...

DESI, PRD 112 083515, (2025)

ls PARK ENERGY changing??

X Where predictions should fall if the
standard idea of dark energy is correct
(i.e. A, energy density is constant)

Expectations when

] / combining data from:
3} S
é § o% s,
% S 68% of predictio & N

§ &  sased on data /’//he R A
E 8 / UNG,
§ § 95% fall inside this line ’
3¢ £
§ ¥
23
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How the behavior of dark ener gy changes

The combination of our best measurements
don't fit the *best” model of the universe...

How dark ener gy behaves today

* U(1)g,. gauge boson (vector boson)

107

- CP violation in neutrinos?

10

robabilit

a

- Leptogenesis

- U(1)g can be gauged
by introducing
right-handed neutrlnos

SK & T2K, PRL 134, 011801 (2025) Lsse
NOVA & T2K, Nature 646, 818 (2025)
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https://doi.org/10.1103/PhysRevLett.134.011801
https://doi.org/10.1103/PhysRevLett.134.011801
https://doi.org/10.1103/PhysRevLett.134.011801
https://www.nature.com/articles/s41586-025-09599-3
https://www.nature.com/articles/s41586-025-09599-3
https://www.nature.com/articles/s41586-025-09599-3
https://doi.org/10.1103/PhysRevLett.125.221301
https://doi.org/10.1103/tr6y-kpc6
https://doi.org/10.1103/tr6y-kpc6
https://doi.org/10.1103/tr6y-kpc6
https://doi.org/10.1103/tr6y-kpc6
https://doi.org/10.1103/tr6y-kpc6

KAGRA Vector Dark Matter

* Proposed in 2020 vwu-+, pro 102, 102001 2020
* First results published in 2024 1co-virgo-kacra, PRD 110, 042001 (2024)
« (O4c data analysis ongoing
- Working group circulation started
« Will need more people for serious calibration and analysis of

MICH/PRCL/SRCL for IR1 and O5
- SRCL will be new!

frequency (Hz)
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.102001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.102001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.102001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.102001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.102001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.102001
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.102.102001
https://doi.org/10.1103/PhysRevD.110.042001

KAGRA Axion Dark Matter

. K. Nagano, T. Fujita, YM, I. Obata,
Proposed in 2019 PRL 123, 111301 (2019)
K. Nagano, ..., YM, I. Obata,

Polarization optics installed in 2021 rro 104 062008 2021)
First data taken in June-Aug 2025 N
- Fujimori-kun is analyzing
High frequency data in Feb 2026 &%
- Kawaguchi-kun is checking data § 8,
and doing calibration .
Plan to improve the optics this year ‘.
before IR1 '
- X8 more power JGW-G2617250



https://gwdoc.icrr.u-tokyo.ac.jp/cgi-bin/DocDB/ShowDocument?docid=17250
https://gwdoc.icrr.u-tokyo.ac.jp/cgi-bin/DocDB/ShowDocument?docid=17250
https://gwdoc.icrr.u-tokyo.ac.jp/cgi-bin/DocDB/ShowDocument?docid=17250
https://doi.org/10.1103/PhysRevLett.123.111301
https://doi.org/10.1103/PhysRevLett.123.111301
https://doi.org/10.1103/PhysRevLett.123.111301
https://doi.org/10.1103/PhysRevD.104.062008
https://doi.org/10.1103/PhysRevD.104.062008
https://doi.org/10.1103/PhysRevD.104.062008

DANCE

Limit from May 2021

 Proposed in 2018

|. Obata, T. Fujita, YM,
PRL 121, 161301 (2018) 102

 First demonstration in 2021 .- LV lpPr:
Y. Oshima+, PRD 108, 072005 (2023)

« ~5 orders of magnitude

R May 2023 f

W

10-°
: : (l
improvement since then  — . JEERIEL SN M
H. Takidera+, PRD 112, 063048 (2025) L. |
i i 10~7 |
H. Fujimoto, PhD thesis (UTokyo 2025) @ Tune 2090 | IIV-.HMIIW""jfa A
» Birefringence studies ="
useful both to axions and ="
KAGRA sapphlre | .
: \ Calculations Measurements 10-11
} ~ ITMX
10712
10-1
1014 2 ' '\'a\'ge“
N Mt KAGRA Target
Y. Michimura+, PRD 109, 022009 (2024) R @/“28‘“ Ww”
H. Wang+, PRD 110, 082007 (2024) mg [eV]



https://doi.org/10.1103/PhysRevD.108.072005
https://doi.org/10.1103/PhysRevD.108.072005
https://doi.org/10.1103/PhysRevD.108.072005
https://doi.org/10.1103/5pw8-zxmc
https://doi.org/10.1103/5pw8-zxmc
https://doi.org/10.1103/5pw8-zxmc
https://doi.org/10.1103/5pw8-zxmc
https://doi.org/10.1103/5pw8-zxmc
https://doi.org/10.1103/5pw8-zxmc
https://doi.org/10.1103/5pw8-zxmc
https://granite.phys.s.u-tokyo.ac.jp/theses/fujimoto_d.pdf
https://granite.phys.s.u-tokyo.ac.jp/theses/fujimoto_d.pdf
https://granite.phys.s.u-tokyo.ac.jp/theses/fujimoto_d.pdf
https://granite.phys.s.u-tokyo.ac.jp/theses/fujimoto_d.pdf
https://doi.org/10.1103/PhysRevLett.121.161301
https://doi.org/10.1103/PhysRevLett.121.161301
https://doi.org/10.1103/PhysRevLett.121.161301
https://doi.org/10.1103/PhysRevD.109.022009
https://doi.org/10.1103/PhysRevD.109.022009
https://doi.org/10.1103/PhysRevD.109.022009
https://doi.org/10.1103/PhysRevD.110.082007
https://doi.org/10.1103/PhysRevD.110.082007
https://doi.org/10.1103/PhysRevD.110.082007

10~

DANCE and Photon Counting

« Sensitivity ultimately limited by quantum shot noise
« This can be avoided with single photon detection

CAST
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10

2 \ Q
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H. Ysu+, PRD 109, 095042 (2024)
S. M. Vermeulen+, PRX 15, 011034 (2025)

Example sensitivity
improvement
Dark count rate: 10 Hz
Bandwidth: 1 Hz

Caveat: Envelope of
narrowband search is shown
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https://doi.org/10.1103/PhysRevD.109.095042
https://doi.org/10.1103/PhysRevD.109.095042
https://doi.org/10.1103/PhysRevD.109.095042
https://doi.org/10.1103/PhysRevD.109.095042
https://doi.org/10.1103/PhysRevD.109.095042
https://doi.org/10.1103/PhysRevX.15.011034

DANCE Setup Now

5
* P-pol power change gA
monitored with a photodiode 5
$
Freq. J
SEervo >
Q Polarization
Photodiode ang|e

s
~po/

p-pol
-~ . ° P
: spd p SpEop
5 [} & [} o
— 1, 891, $d
Axion S'g na Inout Output Detected
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DANCE with Photon Counting

« Signal photon detected with
a single-photon detector

>

Power outpu

Freq.
servo

Photodiode Q

>
Polarization
angle

Single-
photon
detection

|| Axion Signal

Refﬁde s-pol
Cryostat (and noises)
Extract

p-p .- s s /\
LAERAN g ;
P 1, &9 | |
up =" Narrow Inout Output Detected

conducting - L :
' nanowire band filters x4 26

Optical
fiber

Sideband
—_— 0




DANCE with Photon Counting

KEK ITDC (ﬁllm#%ﬂﬂ%tza {KBISYNIA— A)
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|
Detected
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What was My Dream?

 Shocked by CP violation [BRRICHRITDEESR]

« When | was 53, in front of ‘ZIRE 54 (1922.10.1-
2025.10.18) at some event for t8R4PIEF(2005):
“I want to build a theory of everything”

 When | was B4, in the application form for graduate school:
“I want to work on gravity to probe physics beyond the
Standard Model of particle physics”

el

CPT symmetry

| 0




My Past Research

2009- (B4) DECIGO Pathfinder Fabry-Perot cavity
- Just because Shoda-san wanted to do DECIGO

2010- (M1) Alignment Sensing and Control for LCGT
- Just because Aso-san asked me to East river

2011- (M2) Lorentz invariance test
- Just because Ando-san suggested me to
- Odd-parity tests just because seemed easier than even |

2013- (D2) Optical levitation of mirrors
- Just because Matsumoto-san was working on
optomechanics and | found a paper

2018- (Bh#) Axion dark matter searches
- Just because Obata-kun sent me an emaiil

2019- (Bh#) Birefringence studies
- Just because excess in KAGRA was found

2020- (Bh#) Vector dark matter searches
- Just because Matsumoto-san sent me a paper

2022- (Scientist) Tests of quantum nature of gravity
- Just because Fujita-kun visited Caltech on his way to Mardi gr:




What is My Real Goal?

SUSTAINABLE ™ &
DEVELOPMENT \J %n® ALS

TATOAI BEoBELWHE: SrLH- RELIKEML
RELELE HABIC 5 FHRDIC
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What is My Real Goal?

SUSTAINABLE ™ &
DEVELOPMENT \J %n® ALS

TATOAI BEoBELWHE: SrLH- RELIKEML
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but our important
science questions K E E P
remain unchanged
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Summary
« World is changing,
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