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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 e
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h) 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
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I UNIVERSITY OF
INIMS CALGARY
COLLABORATION AGREEMENT

This Agreament is made elfective on September 1§, 2037 |“Effactive Date®). Delweer
NATIONAL INSTITUTE FOR MATHEMATICAL SOENCES
2 Natiorns mslilulion pursasat 1o
the Spean’ Acct o Sreanon ond SUpoort of Intarnatianal Science Busvieas Bell,
2021 ("HIVET)
-anm -
THE GOYERNORS OF THE UNIVERSITY OF CALGARY
& prindincial cofparation purs. ant o
tha Pors-Secandany | enmng Act, 5.4, 2003, €.F-19.5 |"Ue i)

1. NIMS I3 3 Korean govermment-supported research Insdtution with 3 mandate for
independent s2halarly ineudry Reearding to the articles of incarporation;

2. UofCisapublic, teaching, and research Instiution with 2 mandate for independent
schobady inquiry and cpun disssmination of kknowledge;

3. UofC has aniGray Y001 superconducting micro gravimeter which it will loan to NIMS for
installation at s NIMS 5ite for vse In collaborative research betwesn UofC ard NIMS;

4. NIMS and UndC will bevve multually agrecd rescarch topics ta peform under tha Prajact
cither jointly or separataly;

5. UofC and NINMS desire o yndertake the research project with collabarstion folawing
the terms and conditions of this Agresmant;

6. Upon completion of the Project, the eguipment will be returned to UofC.

“ha partlcs agree as follows:
1. DEFINIMONS

2.1 “Confidential Information™ means any propristary aformaton lickludng withodt
mvtasizn, all propnelary sfommatian that relates te the Frevider's techinclogy, producis
sarAcas, rasearen, trade sacrats, know-haw, formu as, processcs, Weas, and nventions|
that is cisclused inwiiing by both pertizs with amutual agresment and mark=d =
corficenta o proprietsy =1 e time of disclosere. Czafidental ! nformation may inciude
arally d selzzad nfarmation it it widantified asennfinental or prupoetary o0 the Cme of
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Yermlab-Uroposal-2022-

Letter of Intent

Title: Study of Micro-Ciraviry Sigrals using Superconductic g Gravimeter (iGRAV)

Name, Insrirution: National [nszitare for Mathemarical Sciences |Address: 70 Yuseonadaero
1689kcon-zil, Yascone-2u, Daceor, Kovsa

Abstract:

We propose to msml] umd operate he supzroonductmg gruvimeter, 1Gms o YeaeLab, and 1o mesure
the greviey changes induced by vanous secsmic stivities ircluding cortlsquake ruptures. Apart fiom
slatic gravity charges generaled by mass redstebeton indaced by cortiquakes, “ons ent greviny
signals iv principle ore eectec @t all distances durmg the corthvuake moptares betore the amival of
seism e waves, However, the szisr 2 roise back grovnd afte limirs the ahility ro detect such mransi st
2eavity sigaals, s raquined o operare the Wity o a loweenoise envireomen Ao andergroond
fachlity such o Yemilab can arovide axcellaat low-nelse cancidees to maximize the chance wo deteet
the transjent gravy

I addinen, measaremant af the gravicy halcs uncergrauad <aa provide very ae pedtant intorme saon o
mexdel the grecdy 20w and redoce 8 toe Dz futere wdergroursd grov taticez | wave cesectoe sach s
the Eirstemn Telescope. The prapased expervment rchades 1y backgrousd muccopnee ity which is
muced by sacous sesmic activibes sroene Yemibob 2y monitoring mictegravicy signals pre-, co-,
and post-seisme ectivities 31 masurement of elasto-gruvily signnls excited by cortbquakes, After
successfus installation, we start calibration of the ¥orav g a0 absolate goavimeter v lote
September 2027 Froom Oscber to Novermber 2022, engiveon ng operations will e cansed out o ander
o chialn pitkad dap o Jeesmine eovironmental sorrection, Then we will condust conticnoes graviy
negsurements o Doac 2022w e Bed of 2025 salty mieomed deterverion S0 eaade lenar e
W PI-l'\_

M Bch Yemi Observatory

micro-Gravity Investigator in Canada-Korea

® 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
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SG: Superconducting Gravimeter

Measuring relative gravity using magnetic
levitation of superconducting material (Nb) in
4.2K

- 1 nano Gal - precision

- 0.5 micro Gal drift / month

- very stable

- steady for long duration measurement

Need areference to convert gravity unit: z
- Theoretical Earth-tide
- Absolute measurement of G (FG-5, A10 etc)

Niobium sphere

M Gch Yemi Observatory

micro-Gravity Investigator in Canada-Korea

FLECTRCAL LEAD TO

- Calibrated relative gravimeter by AG | Uppew} Y
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Construction

micro-Gravity Investigator in Canada-Korea

I 0.2m 4

0.5m Nelwork’ Y P

0.5m

power
I iGrav Platform Extra Platfornp oW

1.0 m? 1.0 m? D
Nelwlirk

-

0.8m O.SmE
€©O

3.80m
3.80m

0.8m

Sensor Platform
1.0 m?

8.05 m

I 0.2m

3.75m
3.75m

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

® Sensor room: three platforms for iGrav and other sensors

e Control room: monitoring, DAS server, UPS, other materials, etc - -
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® Three platforms are designed: two are
connected to the bedrock while the rest is not #%
for the comparison reason &

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

o Typical temp: 26-33°C and humid: 30-50%

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

Compressor
Room

Alpha/Radon [T
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YeMiGO: Installation & Construction (2022.10-11)

NIMS inauguration .(12022.’1}) Dewar Vacuum Pumping LHe supply

.
| I |
itute for Mathematical Science

‘ /‘{D' \ |

»

A ¥

i Y ,i‘ ~
R
\ x.

.‘y..

A‘ | g
Operation Starts (2022.71.16)

an Lab building

Nitrogen Liquify Ist Tide signal for compressor
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‘Installation & Engineering Run

GNSS system installed

micro-Gravity Investigator in Canada-Korea

, ' , | | 1\
o “"Jl"“ ,\\,&5.‘

|
L

| M(,\ J

GPS antenna

N S "-‘_3 n}\ =z -
& '."""” ‘\'MN\M'.H‘H; (hE sy _.m '

e

nnnnn

RF converter

-
‘ -
—— S

Optlcal cable

e All installations have been completed excluding the GNSS antenna signal
® The GNSS system was installed on 16th Nov. 2022
e 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
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Installation & Engineering Run

® jGRAV installation: 2022.10.4-10.16

Vacuum pumping LHe Cooling

e Engineering Run: 2022.10.16-2022.11.15

® No timestamp: GNSS not installed yet

System setting Getting signal

i

i
it
4

4%

O I e Installing Compresspr@(‘ | 2 NIMS inaugufation ceremony: Oct 27 2022
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YeMiGO Status

* Observation Run(ORP1): 2022. 11. 16 - 2024. 6. 25

10° T
» OR1: 579days - Duty cycle: 98.65% “ \ ;
. \ T
> No data: 2022. 10. 19 - 2022. 10. 25 (Due to the ° A\
malfunction of the coldhead and the DAS . NI\ N
system, data taking is stopped) g \,\ \
» Engineering Run@Phase 2 (ERP2): 2025.8.30 -  § 1™
present 3 ,
10-3 4 —— Grav:2024-05-01-2024-05-05 "
» Due to malfunctioning of the system, iGrav was Grav:2024-10-20-2024-10-24 !
. — @Grav:2025-06-25-2025-06-29 'n
reinstalled (August 2025) - ) 10-5 1 —— Grav:2025-11-05-2025-11-09
. . \%%"‘lf ' " —-+= NLNM
» 1/f noisein10-4~102band * § § | &% f |- NHNM
s 107 —— ——— —— ————— —
» Decreased so far 107 1074 1073 10~ 1072 10°

Frequency [Hz]
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Absolute Gravity Measurement Campaign

e For calibration factor of iGrav (2023.11.9-2023.11.14) . N ).
_— sz R E e SL
® Tha“ks to: PrOfO Hwangl Chengl and NICky HSIeh (ITRI) MINISTRY OF THE INTERIOR,R.O.C. (TAIWAN)
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micro-Gravity Investigator in Canada-Korea

data (drop)
—— LinReg fit (drop)
e data (set)
= == LinReg fit (set)

LinReg (Drop): a= —94.323177, b=979836492.601
LinReg (Set): a= —94.510259, b=979836492.898

Theoretical Tide CF: -92.17 Courtesy to: EJS
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Correction & Calibration for Residual Gravity
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Correction & Calibration for Residual Gravity
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Correction & Calibration for Residual Gravity
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Correction & Calibration for Residual Gravity
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\/ng-de Earth Tides
v/ gr;  Polar Motion
v/ 901 Ocean Loading

/ Jarm Atmospheric Pressure
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dpis Ground Vertical Displacement

37°11'47.9"N_

123 36529 Elo Hxe|
- olg 37°11'32.8'N
. 37°11'26.4'N O 128:3956.3
o423 128°39'30.0°E o ~ JSTB
\\ iGrav#001
\
\
I|||
-tl
\
AN
.
\:\\‘::-
89 2| | 52|
OFA A} g, 37°09'08.0°'N
. 128°40'27.4"E O
o: J6 '| g
\I“I

|
—— ‘l'l
- 3 = y
\: =u=5% Q) Y ©
’ T——— \ -
/4 pC TS\ \
(/‘ \\\ N : : -\n-:::::‘\ "‘-.
{ N_37°07'01.2'N ) —~
= 128°39'05.6'E “} |
2 o
Google Maps 335 s\\

e
L\'- -

X = HIOIH @2025 TMap Mobility 8RS 22t Jlel §E HZ  H& o BU?]  1kma




= b e| dpey At EJ:NIAVEEKEOYF //l BI[:K Yemi Observatory

ational Institute for M dlhf-‘r atica | Sciences
micro-Gravity Investigator in Canada-Korea

Correction & Calibration for Residual Gravity
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Correction & Calibration for Residual Gravity
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YeMiGO ig'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.
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ShakeAlert® Earthquake Early Warning Basics

1 During an earthquake, a 2 Sensors detect the P-wave and 3 A ShakeAlert® message is then picked up by
rupturing fault sends out immediately transmit data to a delivery partners (such as a transportation
different types of waves. ShakeAlert® processing center agency, that could be used to produce an
The fast-moving P-wave is where the location, size, and alert to notify people to take a protective
first to arrive, followed by estimated shaking of the quake action such as Drop, Cover, and Hold On
the slawer S-wave and later- are determined. If the earthquake  and/or trigger an automated action such as
arriving surface waves. fits the right profile a ShakeAlert® slowing a train.

message is issued by the USGS.

ShakeAlert® delivery

’ e, ‘ partners are connected
. RO ;

w to the processing center

I
ShakeAlert® — Sensers positioned
Sensors processing center about 6-12 miles apart

™ S-wave N P-wave
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PEGS - Gravit

* New Paradigm for EEW

Earthquake Early Warning Basies.

] In an earthquake, a rupturing 2 Sensors detect gravity signals 3 A message from the alert center is
fault sends out different types immediately transmit data to an immediately transmitted to your
of waves. The fast-moving earthquake alert center where the computer or mobile phone, which
P-wave is first to arrive, but location and size of the quake are calculates the expected intensity
damage is caused by the slower determined and updated as more and arrival time of shaking at your
S-waves and later-arriving data become available location
surface waves.

Gravity signals arrive
even earlier

First £
ety
()L,@

Fault | |

A 2 Earthquake
f‘_ Sensors alert center
Epicenter &

__ Sensors positioned
about 6-12 miles apart

NS.wave NP-wave

https://earthquake.usgs.gov/research/earlywarning
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* New Paradigm for EEW

Precise Estimation of EQ magnitude

y Change from EQ

9 - M9.1 Tohoku earthquake /—_—d; 9
@ I i
ol 5
= :
2 7 /_b e S e S — 7
c :
& JMA warning
=
6 - 6
—— estimated magnitude (M) (sensor model 1)
5 4 - effective released magnitude (M) - 5
— JMA EEW magnitude (M)
/ L :
| | | I V7 /7 I 1 1 |
5 10 15 20 25 30 40 60 80 100 120
8.0
M7.3 Tohoku foreshock earthquake
7.5

Magnitude
(@) ~l
o o

o
(=)

effective released magnitude (M)

estimated magnitude (M) (sensor model 1)

5.0 7.5 10.0 12.5

| | I |

15.0 17.5 20.0 22.5

Time from rupture onset (seconds)

25.0

M BIBK Yemi Observatory

Overcoming the limit of blind zone

EPUB

I5'N

345'°N

J&'N

33.5°'N

| DAMAGE
PGAI%g)
PGVICcmMYs)

Scale based on Worden et al. (2012) Version 1: Processed 2018.11.28721:10:.022
A Seismic Instrument o Macrosessmic Observation ¥ Epikcenter €3 Rupture

icro-Gravity Investigator in Canada-Korea
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 PEGS - Gravity Change fromEQ ™

Dynamic gravity changes induced by
earthquakes: basic concept

Direct propagation of

Earthquake slip — ﬁéi\tnty change (speed of

L Static + transient deformation (seismic waves)

b Density perturbations: P waves

+ deformation of material
interfaces (e.g. free surface)

Perturbations of gravity field
long-range and instantaneous (speed of light)

PEGS
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PEGS - Gravity Change fromEQ ™

Acceleration before P-wave Acceleration after

P-wave arrival _ arrival P-wave arrival
~.~§~. ~~‘s~~ ’\
Vallée et al. " Observations and - Steepy Shely W
modeling of the elastogravity signals v R e R i T MYV
preceding direct seismic waves", 20 SN L i i e NS g )
Science, 358, 1164—-1168, 2017 WMA2LA e o A AN e
BJT |
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PEGS - SG data + F-net (Tohoku 2011)

.
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Prompt gravity signal induced by the 2011

Tohoku-Oki earthquake

Jean-Paul N.ontagneﬂ. Kaévin Juhel', Mattzo Bars..glia*’, Jean Pau/ AmpJeroj, Eric Chassande-Mattinz,

Jan Harms?, Bernard Whiting®, Pascal Rernard’, Fric Clévédé' & Philippe Lagnonné
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Induced EQbyEQ

- In collaboration with U of Calgary and NIMS
® EQ:drasticfaultslip - moving plates and its accumulated stresses | S L @

-
.....
.........

® EQ can bealso induced (triggered) by another nearby EQs son [ .. Nankai trench vector
~

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

JEQZ ¢* &y  Nankai trench

A%
Nankai trench vector, »“,

® Two counter examples induced by P-waves from distant EQs with a o7 1NN T Oyeg-1 =9179°

special geometrical structure (refracted/reflected conversion to S-wave o T
modes)
Ex1) 2022, Dec. 28 (YeMiGO data)/ VEQ1 Mé6.1 —- (12min later) —— JEQ1 M4.3

(Nankai)
Ex2) 2010, Aug. 10 (Kaimoka data)/ VEQ2 M4.7 -- (12min later) -- JEQ2 M4.0 &
H

"\ EQ1: Dec. 28, 2022

W

EQ2: Aug. 10, 2018},

(Nankai) o . & N
' ~=«-= Nankai Trench

¢ The common geometrical structure: the wave-front of seismic ----» Nankai Trench Vector

waves is almost perpendicular to the Nankai trench vector. ZIIIIDirect P-Wave Path

. , 5 Declination between
® So,the 1st arrival P-waves can be converted to S-wave mode with a 1.2 P and Nankai trench
° ° . 2005 ™ »
certain refraction and reflection, then the accumulated stresses can be #» EQ-1Pair Epicenter
triggered to the Nankai EQs. * EQ-2 Pair Epicenter
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® |f DM exists, there migh
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nowski et al.,

arXiv: 2403.14397 [astro-ph.CO]

t be two possibilities: DMC captured by the Earth's

gravity or passed by the Earth with a certain orbital motions

( mpa ) B Ag(t) - Ag(0.3mHz)

PE

mbr? < 1.259 x 1071°M, = 3.781 x 107 13M,
mpeMe0 < 1.257 x 1071*M, = 3.775 x 107 1°M

assuming a = 0.1R;
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ark 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)
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1OP Publishing Quantum Sci. Technol. 6 (2021) 034004 https://doi.org/10.1088/2058-9565/abef4f a) 2m /day b) Gravity Res[dums. sg(t) C) Spectrum of 4g(t) SG S n C DOS Sea rCh
. S ~303+12
¢ yw §
. b — ' ” ' '||'l .2.
Quantum Science and Technology | ||.“.n|| lv'?lml’)' M :
5 || 1 O 'u 2
VYV
4 @
= = U
PAPER 48 72 250 300 350
@ CrossMark Tme [hours] Frequency [uHz]
D a rk m atter Sea I'Ch eS US| n g a Ccel e I'O mete I- ba Sed netwo rkS Figure 1. SG search scheme of section 2.1. The trajectories of a trapped CDO inside of Earth and of a SG station on the Earth’s
OPEN ACCESS surface are shown in (a). The expected gravity residuals and their spectrum as measured by the the station are illustrated in
(b) and (c) respectively. Note that the gravity residuals have a fast oscillation (the CDO frequency w/2x ~ 303 uHz), and a slow
Nataniel L Figueroa' Dmitry Budker' 22 and Frnst M Rasel’ daily modulation due to the movement of the station. This gives the CDO spectrum sidebands at +1/day ~11.6 uHz [20]. The
RECEIVED . ,’,_ . ) linewidths of the spectrum shown in (c) arise from considering a one-month-long window of data.
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ibtion 40 enee.  Dark matter (DM) is one of the biggest open questions in physics today. It is known that it 0 20 40 60 0 20 40 60
Any further distribution  iDtEracts gravitationally with luminous matter, so accelerometer-based searches are inherently Lo Time (s}

of this work must

maintsin sttribution o interesting. In this article we present recent (and ﬁnure) searches for DM candidates such as feebly Figure 2. Domain wall acceleration signature, as explained in section 2.2. As Earth travels through a domain-wall (a), the scalar

the author(s) and the interacting matter trapped inside the Earth, scalar-matter domain walls and axion quark nuggets, DM field will change at the SG stations (b). This will generate a transient acceleration (c). Note that the shape of the transient

title of the work, journal o . .. ill depend on the width of the wall.
Gtaton amd pOL T with accelerometer networks and give an outlook of how new atomic-interferometry-based wREpacaicmE aTe W

accelerometer networks could support DM searches.

Atom interferometry
sensor network
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Figure4. AQN search as explained in section 4. As an AQN travels supersonically through the Earth (a), it creates seismic waves Time [arb. u ]

that are detected by seismometer stations A and B (b), almost simultaneously. The frequency of such events will depend on the
DM-wind direction and magnitude, which changes daily and yearly in a predictable fashion as shown in (¢), which was
calculated for Mainz (50.0° N, 8.2° E) for 2020-2021. Note that (c) corresponds to the time-varying component of the AQN
wind, which oscillates daily between the minimum and maximum values shown, but these daily-oscillations are so fast that the
plot looks solid.

Figure 3. The principle of atomic interferometry. At t = 0, an optical pulse prepares an atomic wavepacket (purple cloud) into a
superposition of states with different momenta, which separate spatially (red and blue clouds). An optical pulse at t = 1 swaps
the momentum of the wavepackets. At t = 2 the wavepackets are recombined and the phase acquired between both arms of the
interferometer is measured.
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A network of superconducting gravimeters as a detector Constraining domain wall dark matter with a network
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' Department of Physics and Astronomy, University of California, Riverside, CA, USA Abstract. There is strong astrophysical evidence that dark matter (DM) makes up some 27% of all mass

® GFZ German Research Centre for Geosciences, Telegrafenberg, Potsdam, Germany in the universe. Yel. beyond gravitational interactions, little is known about ils properties or how it may

connect to the Standard Model. Multiple rameworks have been proposed, and precision measurements at

Received 5 February 2020 / Received in final form 31 March 2020 low energy have proven uselul 1o help restrict the parameter space lor many ol Lhese models. One sel of
Published online 11 June 2020 maodels predicts that DM is a scalar field that “clumps™ into regions of high local density, rather than being

uniformly distributed throughout the galaxy. If this DM field couples to a Standard Model field, its interac-
tion wilth matier can be Lhonght of as changing the efleciive values ol lundamenial constants. One generic
consequence of time variation of fundamental constants (or their spatial variation as the Earth passes
throngh regions ol varying density) is Lhe presence ol an anomalous, composition-dependent acceleration.
Here we show how this anomalous acceleration can be measured using superconducting accelerometers, and
demonstrate that > 20 years of archival data from the International Geodyvnamics and Earth Tide Services
(IGETS) network can be utilized to sct new bounds on these models. Furthermore, we show how LIGO
and other gravitational wave detecltors can be used as exquisitely sensitive probes [or narrow ranges of the
paramcter space. While limited to DM models that featurc spatial gradients, thesc two techniques comple-
ment the networks of precision measurement. devices already in use for direct detection and identilication

of dark matter.

© The Author(s) 2020. This article is published with open access at Springerlink.com

Abstract. Hidden matter that interacts only gravitationally would oscillate at characteristic frequencies
when trapped inside of Earth. For small oscillations near the center of the Earth, these frequencies are
around 300 uHz. Additionally, signatures at higher harmonics would appear because of the non-uniformity
of Earth’s density. In this work, we use data from a global network of gravimeters of the International
Geodynamics and Earth Tide Service (IGETS) to look for these hypothetical trapped objects. We find no
evidence for such objects with masses on the order of 10'* kg or greater with an oscillation amplitude of
0.17.. It may be possible to improve the sensitivity of the search by several orders of magnitude via better
understanding of the terrestrial noise sources and more advanced data analysis.
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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

Compton frequency: v, = (mc?)/h =~ 2.42 x 10
Lower mass — longer period, higher field amplitude;
higher mass — shorter period, lower amplitude.
Detection “sweet spot” often in m ~ 1072" -10~ 1% gV range
(periods from days to hours).
Table examples:
o 107*° eV — ~13-year period; effectively static over

experiments; hard to detect.
o 10 2! eV — ~48-day period; pHz band; requires
long-term stability.
o 109 eV — ~11.5-hour period; sub-mHz; more cycles
per day, smaller amplitude.
10—18 eV = ~1.15-hour period; ~0.3 mHz; accessible to
superconducting gravimeters.

Compton Frequency [HZz]

Einstein Telescope (ET)

Mass-Frequency Coverage: YeMiGO / ENIGMA vs. Einstein Telescope

YeMiGO / ENIGMA /

from boson clouds
-3 kHz)

YeMiGO / ENIGM
Extended detection

band for ULDM
of Upsampling improvement
of SG
10-22 1020 1018 1015 10-14 1012 1010
Mass [eV]
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East-Asian Network Initiative for Grawty Measurement Alliance
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East-Asian Superconducting Gravimeter Network

A hd

e Korea

- National Institute for Mathematical Sciences (NIMS) NIMS-UofC
2022.9.27 MoU

- National Geographic Information Institute (NGII)

- Korea Institute of Science and Technology Information (KISTI)
\ \‘\
e Canada NGII-NIMS-KISTI
Institutional MoU
- Univ. of Calgary " - in preparation
“a
e Taiwan \
Superconducti
- National Yang-Ming Chao Tung Univ. (NYMCTU) Grapveir:;ter "3
DATAHUB
e’
e Japan
ol I~
- Univ. of Tokyo -’ FS .
- Disaster Prevention Research Insfitute (DPRI), Kyoto Univ.
L Y R hA t ;Kym . 8
: eseqarc reemen ;

- State Key Laboratory APM, Chinese Academy of Science | i.‘-~u 9 i Jon

for ENIGMA Collaboration ! |

2024. 11. 7
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Superconducting Gravity Gradiometer:
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T-axis SGG Gravity sensor has been developed
"REQUENCY (Hz)

by ADD & UMD for the submarine navigation (2019-2023)
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Superconductlng Grawty Gradlometer In collaboration with NIMS-SNU-Hana Corp
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ERLEE aH:;r:l—’:w‘.;; 1” -l
G2
o 1st phase: LHe leak repair &Grawtymgnal test st Seavdad
-achieve the 1/100 sensitivity of UMD M2 5@ :f,,,jl :; ';jjj“ s
® 2nd phase: Cryocooler system design (LHe expensive & noncyclable) e —
-long-term operation / deployment to YeMiGO e Original target sensitivity: 0.1EHz 12 = 10-10 s-2 Hz-1/2
g g y

® DAPA&ADD approval (7.30)/ De|ivery to Hana (September) cf) Model 2 (Univ. of Maryland) - 0.001EHz-12 = 10-12 s-2 Hz-1”2
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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 Capamn ™t
Network for Gravitational-wave Observatory) g
SGG can be used for low-frequency noise mitigation of the | B
Tetrahedral configuration Square configuration

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 -

Sptcareral dbhsaren () sPomirsl dhsance (<e)
A cutaway view of LANGO accelerometer [ S —
¥ [v)
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