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Motivation
•After joining LSC (2009), we joined LSC-
Detchar and KAGRA-Detchar groups: 
- NIMS: John J. Oh, Sang Hoon Oh, Edwin J. Son, 
Hwansun Kim 
  * Piljong Jung, Byeol Kim (Internship) 
- Pusan Nat’l Univ.: Young-Min Kim (now in 
KASI) 
•Detchar Project Topics: 
- Noise hunting tools 
- Noise analysis algorithms 
- DQ Shift 
- Machine learning based classification of noise 
- Trigger generation algorithm 
•UNIST group joined the KAGRA Detchar from 
201x: 
- Kyujin Kwak, Kihyun Jung



Motivation
•GW channel, h(t) 
•200,000 auxiliary channels - monitor 1) 
instrument behavior 2) environmental 
conditions 
  a) witness a broad spectrum of potential 
coupling mechanism 
  b) useful for diagnosing instrument faults and 
identifying noise correlation 
  - PEM (physical environment monitor) : 
monitor the local surroundings for potential 
disturbance that may affect GW channel - 
ground motion, optical table motion, magnetic 
field variation, acoustic disturbance, cosmic ray 
showers 
    * injection studies - in order to know the 
relationship between PEM and GW channels (by 
intentional stimulus)
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Figure 2: Noise coupling example: determining magnetic field coupling for a location at
LIGO-Hanford. The top panel shows the output of a magnetometer installed
in the corner station (see Figure B1) during the injection of a series of single
frequency oscillating magnetic fields at 6 Hz intervals (in red) and at a
nominally quiet time (in blue). The middle panel shows h(f) during this
test (in red) and during the same nominally quiet time (in blue). The heights
of the induced peaks in h(f) can be used to determine the magnetic coupling
(in m/T) at those frequencies, as shown in the bottom panel. The points
in the bottom panel above 80 Hz were determined in a di↵erent test with a
stronger magnetic field needed to produce discernible peaks in h(f). The green
points in the middle panel are an estimate of the contribution to h(f) from the
ambient magnetic noise during the nominally quiet time, calculated using the
coupling function from the bottom panel. Injection tests also induced strong
magnetic fields above 200 Hz. At higher frequencies, coupling was so low that
the injected fields did not produce a response in h(f), but were used to set
upper limits on the coupling function. This figure only shows data for one
(typical) location, but similar injections were repeated at all locations where
magnetic coupling might be of concern.
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Electronics room

Electronics room

Electronics room

Figure B1: The physical environment monitor (PEM) array at the Livingston
detector, as seen on http://pem.ligo.org [10]. Gray dashed lines enclose
instrumentation in separate structures: the corner station building located
at the vertex of the laser-interferometric detector, the two end stations
located at the end of the 4km detector arms, and the ‘vault’, which houses
PEM sensors away from all buildings to measure noise due to the external
environment. Purple dashed lines indicate rooms within structures, or spaces
just outside of structures. For example, the corner station and both end
stations have PEM sensors in electronics rooms containing computers that
sense and control the detector as well as PEM equipment mounted on a mast
on the roof. See [4, 6] for detailed description of the optical layout shown.
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6. Transient noise around the time of GW150914

The GW150914 event produced a strong gravitational wave signal in the Advanced
LIGO detectors that shows the expected form of a binary black hole coalescence, as
shown in Figure 10 [1, 36]. Immediately around the event the data are clean and
stationary.
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Figure 10: Normalized spectrograms of GW150914 in LIGO-Hanford (left) and LIGO-
Livingston (right) h(t) data with the same central GPS time. The data at
both detectors exhibited typically low levels of noise around the time of the
event; the signal, o↵set by ⇠7 ms between detectors, was recovered by a
matched-filter CBC search with a combined detector signal-to-noise ratio of
24 [1, 2], by the coherent burst search with a coherent network SNR of 20
[3], and by Omicron with a single-detector SNR of 12 in Hanford and 9 in
Livingston. The time-frequency morphology of the event is distinct from the
known noise sources discussed in Section 3.

Even though the routine data quality checks did not indicate any problems with
the data, in-depth checks of potential noise sources were performed around the time
of GW150914.

Potential noise couplings were considered from sources internal to the detector
and local to each site, as well as common, coincident sources external to the detectors.
All checks returned negative results for any pollution or interference large enough to
have caused GW150914.

Activities of personnel at the detectors, both locally and via remote internet
connections, were confirmed to have no potential to induce transient noise in h(t).
Because GW150914 occurred during the early morning hours at both detectors, the
only people on-site were the control room operators. Signs of any anomalous activity
nearby and the state of signal hardware injections were also investigated. These checks
came back conclusively negative [37]. No data quality vetoes were active within an
hour of the event. Rigorous checks of the data calibration were also performed [38].

The results of a key subset of checks intended to demonstrate nominal detector
performance, quiet environment behavior, and clean data quality around the event
are reported here.

GW150914
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yet been identified. As a result, there is currently no veto available to remove these
noise transients from the astrophysical searches. Blip transients contribute to
some of the most significant background triggers in both the unmodeled burst and
modeled CBC searches. The noise transient shown in Figure 3k is one example.
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Figure 3: A normalized spectrogram of the LIGO-Livingston h(t) channel at the time
of a blip transient. The color scale indicates excess signal energy of data
normalized by an estimated power spectral density.

The impact of noise sources on the astrophysical searches is discussed in
Section 5.2.

3.2. Correlated noise

Noise sources that may a↵ect both detectors almost simultaneously could potentially
imitate a gravitational wave event and would not be captured by time shifts in the
search background estimation.

Potential electromagnetic noise sources include lightning, solar events
and solar-wind driven noise, as well as radio frequency (RF) communication. If
electromagnetic noise were strong enough to a↵ect h(t), it would be witnessed with
high SNR by radio receivers and magnetometers.

Lightning strikes occur tens of times per second globally. They can excite
magnetic Schumann resonances, a nearly harmonic series of peaks with a fundamental
frequency near 8 Hz (governed by the light travel time around the earth) [16, 17].
However, the magnetic field amplitudes produced by Schumann resonances are of the
order of a picoTesla; too small to produce strong signals in h(t) (see Figure 2) [18].

Nearby individual lightning strikes can induce transient noise in h(t) via audio
frequency magnetic fields generated by the lightning currents. However, even large
strikes do not usually produce fields strong enough to be detected by the fluxgate
magnetometers at both detectors simultaneously.

Electromagnetic signals in the audio-frequency band are also produced by human
and solar sources, including solar radio flares and currents of charged particles
associated with the solar wind. The strongest solar or geomagnetic events during
the analysis period were studied and no e↵ect in h(t) was observed at either detector.

k The spectrograms shown in Figures 3, 10, and 13 are generated using a sine-Gaussian basis [15]
instead of the sinusoidal basis of a traditional Fast-Fourier Transform.
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Figure 12: A blip transient in LIGO-Livingston strain data that produced a significant
background trigger in the CBC analysis in orange, and the best-match
template waveform (amplitude-scaled for comparison) in black, which
exhibits a few more low-SNR cycles but otherwise quite similar morphology.
The best-match waveform for the GW150914 signal, in gray, is quite
distinct from both the blip transient and the neutron-star-black-hole (NSBH)
waveform that most closely matches it, with more than 10 distinct cycles
shown and a significant increase in frequency over time. All three time series
have the same zero-phase band-pass filter applied.

This excess ground motion, shown in Figure 11, lasted for approximately three minutes
at multiples of about 14 Hz (28, 42, 56 Hz). During the second containing GW150914,
the largest disturbance detected by the seismometer (at ⇠56 Hz) was at least 30 times
too small to account for the amplitude of GW150914.

There was also excess noise in the Livingston input mode cleaner [6] that was
ruled out as a potential indication of noise that might mimic GW150914. This noise
had time-frequency morphology that was inconsistent with any potential coupling
mechanism. In particular, all power was below 8Hz and the noise duration was nearly
one second. Such a long transient would be unlikely to couple from the input mode
cleaner to h(t) with duration comparable to GW150914 (⇠ 200 ms).

6.4. Investigation of noise transients with similar morphology to CBC waveforms

Both detectors occasionally record short noise transients of unknown origin consisting
of a few cycles around 100 Hz, including blip noise transients, discussed in Section 3.
None have ever been observed to occur in coincidence between detectors and follow-
up examination of many of these transients confirmed an instrumental origin. While
these transients are in the same frequency band as the candidate event, they have
a characteristic time-symmetric waveform with significantly less frequency evolution,
and are thus clearly distinct from the candidate event.

To illustrate this, Figure 12 shows a blip transient that produced one of the most
significant CBC background triggers associated with blip transients (�2-weighted SNR
& 9; compare to Figure 7) during the analysis period and the neutron-star-black-hole
(NSBH) binary template waveform it most closely matched. Although these noise
transients do have significant overlap with regions of the CBC parameter space that
produce very short waveforms, such as very high total mass binaries with extreme
anti-aligned spins, they do not have a time domain morphology that matches CBC
templates with similar character to GW150914.



Motivation
•Seismic noises 
•Newtonian noises

seismometer array

DAS (Distributed Acoustic Sensing)

measuring gravity



GICK Projectμ
• The GReAT has focused on the EED using Superconducting Gravimetry & 

Gradiometry 

• 2021. 11. 13 - Prof. Jeong Woo Kim’s invitation: Micro-gravity lecture 

• 2022. Feb. Discussion with Prof. JWK for installation of iGRAV in Korea 

• 2022. Mar. Yemi Underground Lab Seriously considered 

• 2022. May - IBS presentation for CUP-Yemilab application 

• 2022. Jun. - IBS Application approved 

• 2022. Aug. - Construction started / 2022. Sep. - Construction finished 

• 2022. Sep. 26 - MoU btw NIMS-Univ. of Calgary signed 

• 2022. Sep. 30-Oct.3 - iGrav shipped (from Calgary to Yemi) 

• 2022. Oct. 4 - 16 - iGrav installation 

• 2022. Oct. 27 - Inauguration ceremony of YeMiGO (Yemi Micro-Gravity  
Observatory) 

• 2022. Oct. 16 - Nov. 15 - Engineering Run 

•2022. Nov. 16 - GNSS installed / Official Observation Run Started



GICK Projectμ
SG: Superconducting Gravimeter



Construction

• Design: Two Rooms in a Lab - Sensor room / Control room 

• Sensor room: three platforms for iGrav and other sensors 

• Control room: monitoring, DAS server, UPS, other materials, etc



Construction
• Three platforms are designed: two are 

connected to the bedrock while the rest is not 
for the comparison reason 

• An isolated booth was built to control the 
temperature and dust in the tunnel 

• Typical temp: 26-33  and humid: 30-50% 

• Compressor room: all compressors are 
maintained in a room with ventilation and 
air-conditioning systems

∘C



YeMiGO: Installation & Construction (2022.10-11)

Nitrogen Liquify 1st Tide signal 2nd Lab building 
for compressor

Dewar Vacuum Pumping LHe supplyNIMS inauguration (2022.11)

Operation Starts (2022.11.16)



• All installations have been completed excluding the GNSS antenna signal 

• The GNSS system was installed on 16th Nov. 2022 

• GPS antenna has been installed near the 2nd vertical shaft - optical cable was provided by IBS-CUP, RF converter used to get a signal to iGRAV system

GPS antenna

Optical cable

Optical cable

RF converter

GNSS system installed
Installation & Engineering Run
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Installation & Engineering Run
• iGRAV installation: 2022.10.4-10.16 

• Engineering Run: 2022. 10. 16 - 2022. 11. 15 

• No timestamp: GNSS not installed yet

NIMS inauguration ceremony: Oct 27 2022

Vacuum pumping LHe Cooling

Nitrogen Cooling

Installing Compressor Box

Achieving 4K

Getting signalSystem setting

Engineering Run Starts



YeMiGO Status
•Observation Run(ORP1): 2022. 11. 16 - 2024. 6. 25 
‣ OR1: 579days - Duty cycle: 98.65% 
‣ No data: 2022. 10. 19 - 2022. 10. 25 (Due to the 
malfunction of the coldhead and the DAS 
system, data taking is stopped) 

•Engineering Run@Phase 2 (ERP2): 2025. 8. 30 - 
present 

‣ Due to malfunctioning of the system, iGrav was 
reinstalled (August 2025) 

‣ 1/f noise in 10-4 ~ 10-2 band 
‣ Decreased so far



• For calibration factor of iGrav (2023.11.9-2023.11.14) 

• Thanks to: Prof. Hwang, Cheng, and Nicky Hsieh (ITRI)

Absolute Gravity Measurement Campaign

Preliminary Results

Courtesy to: EJSTheoretical Tide CF: -92.17



Environmental Gravity Effect Corrections

𝒈𝑶𝒃𝒔 = 𝒈𝑻𝒊𝒅𝒆 + 𝒈𝑶𝒍 + 𝒈𝑷𝒐𝒍 + 𝒈𝑨𝒕𝒎 + 𝒈𝑯𝒚𝒅 + 𝒈𝑫𝒊𝒔 + 𝒈𝑹𝒆𝒔 (2)

𝑔𝑇𝑖𝑑𝑒 Earth Tides
𝑔𝑃𝑙 Polar Motion
𝑔𝑂𝑙 Ocean Loading
𝑔𝐴𝑡𝑚 Atmospheric Pressure
𝑔𝐻𝑦𝑑  Hydrology
𝑔𝐷𝑖𝑠 Ground Vertical Displacement

~1 - 3 μGal

~few hundred μGal

~0.1~10 μGal

~1~50 μGal

Correction & Calibration for Residual Gravity
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DAS (Distributed Acoustic Sensing)

A10

Extensometers



Science Case with YeMiGO 
YeMiGO is the Micro-Gravity Observatory at Yemilab, located 1,008 meters beneath Mt. Yemi and 125 meters below mean sea level,  

and hosts the world’s deepest installation of a micro-gravity sensor.



Gravity-based EQ Detection



PEGS - Gravity Change from EQ
•New Paradigm for EEW



PEGS - Gravity Change from EQ
•New Paradigm for EEW

Precise Estimation of EQ magnitude
Overcoming the limit of blind zone



Direct propagation of 
gravity change (speed of 
light)

PEGS

PEGS - Gravity Change from EQ



PEGS - Gravity Change from EQ

Vallée et al. " Observations and 
modeling of the elastogravity signals 
preceding direct seismic waves", 
Science, 358, 1164–1168, 2017



PEGS - Gravity Change from EQ
PEGS - SG data + F-net (Tohoku 2011)tp

t2=tp-9t1=t2-30



Induced EQ by EQ
• EQ: drastic fault slip - moving plates and its accumulated stresses 

• EQ can be also induced (triggered) by another nearby EQs 

• Typically, induced EQ was caused by S-waves from other EQs. 

• Two counter examples induced by P-waves from distant EQs with a 
special geometrical structure (refracted/reflected conversion to S-wave 
modes) 
Ex1) 2022, Dec. 28 (YeMiGO data)/ VEQ1 M6.1 —— (12min later) —— JEQ1 M4.3 
(Nankai) 
Ex2) 2010, Aug. 10 (Kaimoka data)/ VEQ2 M4.7 —— (12min later) —- JEQ2 M4.0 
(Nankai) 

• The common geometrical structure:  the wave-front of seismic 
waves is almost perpendicular to the Nankai trench vector.  

• So, the 1st arrival P-waves can be converted to S-wave mode with a 
certain refraction and reflection, then the accumulated stresses can be 
triggered to the Nankai EQs.

EQ1: Dec. 28, 2022

EQ2: Aug. 10, 2010

In collaboration with U of Calgary and NIMS



Induced EQ by EQ

Free Boundary Condition

The refraction and reflection in the mantle and moho-surface  
with different material properties of elastic media can increase 
the stress near the EQ epicenter. 

In collaboration with U of Calgary and NIMS



Dark Matter Clumps Search using SGs



Dark Matter Clumps (DMC) in the Solar System
• DMC (Dark matter clumps) in the Solar System 

- C. J. Horowitz and R. Widmer-Schnidrig, PRL 124, 051102 (2020) 
- M. Cuadrat-Grzybowski et al., arXiv: 2403.14397 [astro-ph.CO] 

• If DM exists, there might be two possibilities: DMC captured by the Earth’s 
gravity or passed by the Earth with a certain orbital motions

CDOs − 10−9M⊙

T = 55min, ν0 = 0.305(mHz)

( mDa
MERE ) = Δg(t)

g (2 + ρc

ρE ) Δ(t)
< Δg(0.3mHz)

g(2 + 13.1/5.51)F(ΘL)

mBFO
D < 1.259 × 10−12ME = 3.781 × 10−18M⊙

mYeMiGO
D < 1.257 × 10−12ME = 3.775 × 10−18M⊙

assuming a = 0.1RE

δg
g

= δFG

FG
=

GmDMms

R2

GM⊕ms

r2
⊕/s

= mDM

M⊕ ( r⊕/s
R )

2

FG = −
GM⊕ms

r2
⊕/s

δFG = − GmDMms

(R − r⊕/s)2 ∼ − GmDMms

R2



SGs: CDOs search

SGs: Domain-wall search

Atom interferometry 
sensor network

Axion antiquark nugget 
seismology

Dark Matter Search using SGs



Dark Matter Search using SGs



Ultralight DM with SGs and ET
Ultralight DM search in collaboration 
with SGs and ET

the ultralight dark matter or dark boson clouds near the black 
hole accretion: the searching mission is included the Einstein 
Telescope science cases 

Extended detection

band for ULDM 


of Upsampling improvement 

of SG



YeMiGO 
NIMS

Sejong 
NGII

Wuhan 
CEA

Lhasa, Tibet 
APM, CAS

Lijiang  
APM, CAS

Tsinchu 
NYMCTU-ITRI

Taipei 
NYMCTU-ITRI

Kamioka 
NAOJ

Matsushiro 
ERI

Mizusawa - NAOJ

Tomakomai 
AISTKorea: Sejong, Yemi (2) 

China: Wuhan, Lĳiang, Lhasa (3) 
Taiwan: Tsinchu, Taipei (2) 
Japan: Mizusawa (1) 
Total: 8 SGs

Japan Trench

Ryu
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Izu-O
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ara Trench
M

ariana 

 Trench

Nankai Trough

Kuril Kamchatka 
 Trench

ENIGMA Collaboration  
East-Asian Network Initiative for Gravity Measurement Alliance

M
ariana 

 Trench

Tohoku - Tohoku Univ.

Confirmed

In progress

• The multi-detector network has the 
advantage of getting N times SNR gain for 
Ns detectors.


• If each detector has enough distance from 
each other, then local noise reduction also 
has advantages, improving the data quality.

Kunming 
CEA

Wuhan 
APM, CAS



NIMS-UofC 
2022.9.27 MoU

U of Tokyo 
Kyoto U

NYMCTU

Gravimeter
Superconducting

DATA HUB

APM CAS/Wuhan 
Univ. 

NGII-NIMS-KISTI 
Institutional MoU 

in preparation

\

Research Agreement 
for ENIGMA Collaboration 

2024. 11. 7

• Korea 

 -  National Institute for Mathematical Sciences (NIMS) 

 -  National Geographic Information Institute (NGII)  

-  Korea Institute of Science and Technology Information (KISTI)

East-Asian Superconducting Gravimeter Network

• Canada 

 -  Univ. of Calgary

• Japan 

 -  Univ. of Tokyo 

 -  Disaster Prevention Research Institute (DPRI), Kyoto Univ.

• Taiwan 

 -  National Yang-Ming Chao Tung Univ. (NYMCTU)

• China 

- State Key Laboratory APM, Chinese Academy of Science



Gravimeter
Superconducting

DATA HUB

Data monitoring broadcasting

Da
ta 

Mirro
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g

Data Transfer

Computing / Analysis

NIMS Data Mirror

KISTI Datahub

ENIGMA Data Center

pre-processing work-flow

analysis computing resources

data monitoring 
platform

KISTI Platform



Development of SGG
Superconducting Gravity Gradiometer:

Gravimeter Mode

Gradiometer Mode

1-axis SGG Gravity sensor has been developed  
by ADD & UMD for the submarine navigation (2019-2023) 3-axis mSOGRO (UMD)



Development of SGG
Superconducting Gravity Gradiometer: In collaboration with NIMS-SNU-Hana Corp.

• Original target sensitivity: 0.1EHz-1/2  = 10-10 s-2 Hz-1/2 

cf) Model 2 (Univ. of Maryland) - 0.001EHz-1/2  = 10-12 s-2 Hz-1/2 

• 1st phase: LHe leak repair  & Gravity signal test 
 - achieve the 1/100 sensitivity of UMD M2   

• 2nd phase: Cryocooler system design (LHe expensive & noncyclable) 
 - long-term operation / deployment to YeMiGO 

• DAPA & ADD approval (7.30) / Delivery to Hana (September)



Application of SGG
SGG is a core technology of SOGRO - Superconducting 
Omnidirectional Gravitational Radiation Observatory 
  - much more challenging (almost impossible) 

SGG can be used for constructing Lunar Gravitational-Wave 
Observatory (European LGWA, LANGO-Lunar Accelerometer 
Network for Gravitational-wave Observatory) 

SGG can be used for low-frequency noise mitigation of the 
current / future ground-based GW telescope (Einstein Telescope, 
Cosmic Explorer, A+, KAGRA+ etc) 

SGG will be a paradigm changing gravity sensor for the Earthquake 
Early Warning



Collaborations
John J. Oh Edwin J. Son

Hwansun Kim JeongCho Kim

Keun-Young Kim Byeol KimJeong Woo Kim Javad M. Dehghan Ankhtsetseg Dorjsuren

GICK collaborationμ

Yoshiyuki Tanaka

Cheinway Hwang

Heping Sun Xiaodong Chen

Ching-Chung ChengSang Wook Bae

Yoshihiro Ito Airy Nagaoka

Sangoh Yi

Naraa Gombodorj 

ENIGMA Collaboration

Ik-Siong Heng

Takaaki Yokozawa Tatsuki Washimi

Keun-Young Kim Byeol Kim

External Collaboration



Thank you for your attention!


