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Introduction 

2015 Sep.14 The first detection

2017 Aug. 17 BNS

2019 May. 21 IMBH

2023 May.24 Observation 4 start

2025 Aug. O4-a Data release
Main topics

10 years anniversary from the first detection of Gravitational wave 
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O1, O2, O3
Previous works

OX = Observation X

O4
This Talk!

The first detection era! The statistical 
evaluation era!

It’s kind of phase transition to new era of GW observation! 

Main message of This talk!

~400 events



• Science target is observation of gravitational waves.


• GW is generated by the oscillation of the massive 
object.

How to generate Gravitational Waves
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Stochastic background source
AstronomicalPrimordial

- BBH and BNS- Initial fluctuation
with Inflation

Phase transition

- Cosmic string



Astronomical Stochastic background

R. Abbott et al. (LVK) Phys.Rev.D 105 (2022)



Cosmic string origin of SGWB



Primordial Gravitational wave
Now

Last Scattering 
Surface

Big Bang era

Inflation era

Primordial GW come back to observable universe

Frozen out
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HORIZON

Matter dominant

Radiation dominant

∝f-2

∝f0



Density parameter

radiation matter curvature dark energy
Friedmann equation:

Fundamental questions: What’s the energy density of GW, ΩGW?

Ωi = ρi/ρcr
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Simons Observatory

LIGO-Virgo-KAGRA

CHRONOS

PRIMORDIAL

ASTRONOMICAL

SOLIDWORKS Educational Product. For Instructional Use Only.

COSMIC STRING

Experiment and GW source



• The world largest GW 
detector in US. 

• The most sensitive probe 
for SGWB.

LIGO 



Number of detections

O4b->GWTC-5

O4c->GWTC-6

2026

2027

Total number of events ~ 377
Every 2.8 days we detect new 
events

Data release plan

The era of O(100) events!

Binary Neutron Star 
Binary Blackhole 
Neutron star- Black hole binary

Compact binary coalescence

Events

LIGO onlyVirgo joined



• The expected sensitivity of O5 will 
be reach the signal of the 
astronomical stochastic background.

Sensitivity



CHRONOS Overview

Cryogenic  sub-Hz cROss torsion bar detector 
with quantum NOn-demolition Speed meter

SOLIDWORKS Educational Product. For Instructional Use Only.
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CHRONOS Overview
◻ Mission: Search for Intermediate black hole on Sub-Hz range
◻ Method: Interferometorical Speed meter

Key technologies

SPEED METER

CRYOGENIC

TORSION BAR

◻ Unique point: 10m x 10m Observatory
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◻Location: Underground site in Taiwan 



Experimental setup and sensitivity

19

CHRONOS detector is sensitive to the window between LISA 
and LIGO observation band.



Publications

arXiv: 2509.23172

arXiv: 2510.24780

C.Q.G accepted

Main project paper

Y.Inoue et. al.

Optical feasibility paper

Intensity noise paper
Y.Inoue and D.Tanabe et. al.

D.Tanabe and Y.Inoue et. al.

White paper

Calibration paper

arXiv: 2602.19436Y.Inoue et. al.
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Yukawa Gravity paper

Science paper

Sensitivity paper

Instruments paper

Y.Inoue et. al.

Y.Inoue et. al.

M.Onglao et. al.

D.Tanabe et. al.

arXiv: 2604.11167

arXiv: 2604.05801

arXiv: 2604.05840

arXiv: 2604.0626

arXiv: 2603.10070

Collaboration is very welcome!!

Stochastic background paper (Inoue et al.)
Photon pressure actuator paper (Tanabe et al.)
Gravity gradient paper (Onglao et al.)

Elastic deformation paper (Tanabe et al.)
In preparation (Release on May)



CHRONOS Science stage
◻Phase 1: R&D stage(2020-2025)
◻Phase 2: Integration test (2026-2033)
◻Phase 3: CHRONOS in Underground lab (2030-2035)

CHRONOS’s target observation year = 2035
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SCIENCE STAGE IN PHASE2-3

Quantum science for uncertainty principle

Newtonian gravity 
background Earthquake Yukawa Gravity

Intermediate mass GW SGWB

Gravity gradient science

Gravitational wave science

Quantum science



• Oldest observable photons from the early universe at 
the age of 380,000 years. 

• Polarization pattern

Cosmic microwave background



CMB inflationary B-mode polarization

predicted to be imprinted as degree-scale 

rot-like polarization pattern (B-mode)



CMB inflationary B-mode polarization

B-mode	polarization	pattern

predicted to be imprinted as degree-scale 

rot-like polarization pattern (B-mode)



CMB inflationary B-mode

B-mode	polarization	
pattern
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CMB B-mode can be a probe of physics of 
ultra high energy scale (~GUT scale)!



Science of Simons Observatory

B-mode analysis
Λ-DCM + {r, Σmν,nt ,…}

Test of standard model with CMB, GW, LSS data

Inflation model Cosmic Birefringence 



Team Taiwan



2026 2029

LVK (IGWN)

FY2026 FY2027 FY2028 FY2029

O5-a (225MPc) O5-b (273MPc) O5-c (295MPc) 
GWTC-5
Data release of O4-b

GWTC-6
Data release of O4-c

GWTC-7 GWTC-8
Data release of O5-a Data release of O5-b

Subaru PFS

IPTA/SKA 

LIGO (20-5000Hz)

PDR1 PDR2

CMB B-mode

The golden age of Observational Cosmology -Expected high impact sciences-

IPTA(nano-Hz) Subaru PFS(pico-Hz)

Expected to solve 
Neutrino Hierarchy problem First detection of ASGWB 

b/w 20-5000Hz First detection of B-mode

5-sigma detection of 
SGWB(nHz)

SKA1IPTA DR4

CMB

LAT
SAT

2027 2028 2030

Observation-1 (3SATs)
Observation-1 (7 Optics tube)

Observation-2 (6SATs)
Observation-2 (13 Optics tubes)



• National Central University promotes multi-band SGWB 
observations using CMB experiments, CHRONOS, and LIGO 
Gravitational wave detector.

• These experiments probe different GW frequency bands and different 
epochs of the Universe.

• CHRONOS fills the frequency gap between space observations and 
ground-based interferometers.

• Combined observations enable broadband studies of ΩGW (f)
from primordial to astrophysical origins.
• Multi-band GW cosmology provides a new probe of inflation, cosmic 

history, and fundamental physics.

Summary


