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GWD development in Korea

Take-home message”?!

1. GWDs are consisted of lots of components to enhance and protect signals.

2. Korean researchers are working hard to reduce noise of GWDs.

3.

3
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01 Introduction GWD development in Korea

Gravitational wave detector

https://lwww.youtube.com/watch?v=tQ_telUb3tE L
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01 Introduction GWD development in Korea
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Gravitational wave detector
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Gravitational wave detector
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Gravitational wave detector
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Gravitational wave detector
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Gravitational wave detector
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A Gravitational wave (strain) ~ 10-2 Rt
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01 Introduction

Gravitational wave detector

GWD development in Korea
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01 Introduction

Gravitational wave detector

A We are stil upgrade the detector to
reduce noise and improve sensitivity .

A Especially, Korean researchers are
focusing on ”
A Squeezing (KASI, Yonsei, KHU,
KAIST)
A Test mass (SKKU, Yonsei, KASI)
A Data reduction/denoising  (NIMS,

UNIST, KASI, CNU)

GWD development in Korea
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Worldwide GWDs
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02 Quantum noise reduction GWD development in Korea

: Fluctuation of
Shot noise
photons on

photodetector "Power
A The arrival time of a photon is characterized by the results in fluctuating
Poisson probability distribution : power measurement
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02 Quantum noise reduction GWD development in Korea

Radiation pressure noise Fluctuation of

photons reflecting

A Laser (photon) exerts force to test mass via from a suspended
momentum transfer . Mirror causes mirror
motion
[ ) .
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/Vac m State \/S ueezed Vacuum )
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A Successfully implemented in the
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02 Quantum noise reduction

1064nm/1550nm Squeezer
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GWD development in Korea
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Mode- matching telescope

GWD comprises many optical cavities which have different eigenmodes .

Mode - matching telescope (MMT) converts the modes from one cavity to another cavity .

Cavity 2
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Sensitivity of GWD iy

: .. 5%
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EPR- SIPS experiment

1. Signal and idler are squeezed vacuum,

PLL aser
v Eﬁ s i EPRf oubohmfe! boe! ef u
ﬁ """"" % MC-IR é Non—degewo = -Siina-l
= ; Detuned pump :2) Wo
l!Ftalon _Zw — & X< .-
"% .................% SIPS 0 = -(.OFF-A =
o &HP“MW 2 2. The idler sees the interferometer as a
D sigpa .. filter cavity and acquires frequency -
-'Q@{ - dependence.
—— Signal wq
: = — Idler wyth .
i % —pamesernez 3, Combined measurement transfers the
gt i N O S0z beams frequency dependent transfers the

frequency dependence to the signal via
EPR entanglement.
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MMT-1 (OPO, TC)

A Wy, =36 micron, wq,, =407 um A Magnification =11.3

A Fastand robust alignment using kinematic mounting
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Faraday isolator

S1GM
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Faraday isolator

A Faraday isolator allows light to travel in ' S
one direction. J
| |
A Isolators are used to protect a source from |
Z 1l B
back reflections or signals that may occur S | ‘,
) | R
after the isolator. g -] |
~
" . . . . I ——3.5dB squeezing
A Mitigation of back - reflection is especially [ |—no squeezing
I squeezing with high backscattering
important in squeezing experiment. PBSanglespubufelcz! pomz! 1/
freq [Hz]
(Bergamin+23)
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Faraday isolator

KASI is developing a Faraday isolator whose

(p- pol)

Faraday rotation angle of a TGG crystal can
be precisely tuned by temperature control.

KASI Faraday isolator has

1. Low loss (1.3%, 1% goal)

2. Highisolation (41 dB, 35 dB requirement)
3. Zero beam shift

4. Low outgassing
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Active mode - matching

When the cavity is locked, locked state slightly changes from previous state.

Active mode - matching compensates this effect .

N

Cavity 2
MMT

38
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GWD development in Korea

02 Quantum noise reduction

Active mode - matching

A KASI, Yonsei U., and KHU are collaborating
to develop active mode - matching

technology.

A This technology will be applied to the
KAGRA and ET squeezing system.

2026 Summer School on Numerical Relativity and Gravitational Waves



02 Quantum noise reduction GWD development in Korea

Active mode - matching

[nm] 85 30
1.0
100 80 2
=y
0.5 50 - . %
-0 g o
5 70 5 F
> 0.0 c g
-50 E;_ W
O 65 10 %
~0.5 -100 =
60 5
-150
-1.0 . . : 55 0
—=1.0 -0.5 0.0 0.5 1.0 0 1 2 3 4 5 6 7 8
X Voltage [V]
40

2026 Summer School on Numerical Relativity and Gravitational Waves



02 Quantum noise reduction GWD development in Korea

ET & KAGRA SQZ MMT

(3 arms) X (2.5 MMTSs) X (2 configurations) = 15 MMTs in total!

/ /’\
iaInTa - ILED | T ,
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Self- imaging cavity

It can be simultaneously resonant for all spatial modes.

N — e T
Y t M. e - SR
‘ ‘ * ) i ‘ ///T \’\\\ 7
Cavity 1 \ Cavity 2
ROC = e f ROC =R, MMT
le ol N
| I, I l, |
Il =f. +f.2fR.;_- Mmund-tﬁp = 112:{2
IZ =f. + R(r Bﬁuu}f =0

The self-imaging cavity is robust to mode-mismatch!
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03 Test mass

Noise of GWD (LLO, O4)

GWD development in Korea
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Brownian motion: Random motion of particles suspended in a medium.
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YWAN

O
: SL€C %
HR coating for test mass 26\;’2
2 e

LIGO End Test Mass has 99.996% refiectivity.

incident ray emergent ray

High reflective coating consists of altemating layers of low - and
high - refractive index maternials.
For LIGO, SIO , (n=1.4) and Ti:-Ta ,O5 (n=2.1) have been used.

-v" low-index material

low-index material

Coating Brownian noise © "YR

1) Cryogenic temperature (not for LIGO)

glass substrate

2) High refractive index

3) Low mechanical loss

46
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Electron Pair Distribution Function

Angstrom - scale atomic structure such as bonding distance

Am O rp h O u S | 4 Unpublished, Sudi & Ashot
- - —11% TiO2 doped GeO2 35 X10° _ ]
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03 Test mass

GWD development in Korea
. . SR,
FEM Fluctuation Electron Microscopy €\ ¢
D 1398 <
Mt
Nanometer - scale atomic structures also affect the mechanical loss.

(Credit: Kyung- ha Lee) ﬁ
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