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Brief LIGO history

% First concept: R. Drever, K. Thorne, R. Weiss 1980’s

% Funded by NSF 1992

% Construction finished circa 2000

% Initial LIGO era: 2002-2009

% Advanced LIGO: finished installation 2014
% First detection: Sep 14 2015
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How does a Michelson interferometer detect gravitational waves

LIGO
E, = _%erine%klx’ Ey — %ryEinemkly

i i |
Eos = 2 (Ex + Ey) = 3Ein(rye? — r,e?klx) E
re

Pas =| Eas [*= 1Pin[(rx — 1y)? + dryrysin(k(lx — 1y))] —<€—=
dark fringe (min): P,s = Pin(rx — 1y)? Ein,

Yl 4

|
bright fringe (max) : Pos = ;Pin(rx + 1y)? Eas ™

Ires = tps =

—redefine with Al =1, —1, and 1 = =}

Eas = — L Eipei2k(relkAL _ p o—ikAL)

Eis = —%Einemkl((rx — ry)cos(kAL) + i(rx + ry)sin(kAL))
Eas ~ —Einiet?lsin(kAL)

—the effect of a GW is only on AL — AL + 2hl

P.s =| Eas |~ sin?(kAL + 2khl) ~ sin?(kAL) + sin(2kAL)2khl
if AL is 0, we see no signal to first order 7! =—> we need Schnupp
assymetry, a macroscopic length difference between arms



https://dcc.ligo.org/LIGO-G1400346

More realistic
layout

Virgo has a similar
layout, biggest
difference is a few
lengths and
non-folded
recycling cavities
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How do we control all these Degrees of Freedom (DoF’s)

ETMX
LIGO has 5 main lengths to [Epa i
control (angular DoF’s covered : 5
‘DOF Definitions:

later) MICH = Ix-ly
“PRCL = IPR+(Ix+ly)/2
. SRCL = ISR+(Ix+ly)/2 iT=0.014 :
Use RF modulations to (CARM = (Lx+Lly)/2 s g
. . a ; CUPRST —pgen i ETMXCE TR
extract various signals at a =05 hestdtlg | ek

few pick-off ports (~PDH) mess= 12k pp | ass saka

Measure the sensing = /&popport
strength at each port and R

choose strongest or some | ‘
diagonalization ol R

) :mass = 2.9 kg

i H : T = 250e-6
imass = 2.9kg : imass = 2.9Kkg : ISR

V:T=0.35
mass = 2.9 kg :

Some natural gREFL . DC, 9, 45, 27, 135

diagonalization common By

H H TRANS: DC
versus differential oM ioc




Seismic Isolation
Core Optics
7 Stages

Active Isolation

e LIGO has two types: Pt Lo ed el
o HAM one stage table bacsive leolat
assive isoiation
o BSC two-stage table 4 stages
. . . (Quadruple Pendulums)
e Active isolation
o Several types of
sensors and
actuators

Auxiliary Optics
5 Stages

Active Isolation
1 external stage (HAM HEPI)
1 internal stage ( )

Passive Isolation
3 stages
(Triple Pendulums)

G1100431 J. Kissel, Apr 7 2011



How well does BSC (2-stage) isolate?

[1446854418-1446940818, state: Isolated]

LT ETMX (BSC4) longitudinal motion

Hz]
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https://ldas-jobs.ligo.caltech.edu/~detchar/summary/

How well does HAM (1-stage) isolate”?
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https://ldas-jobs.ligo.caltech.edu/~detchar/summary/

Suspensions - fewest pendula needed
1.2 -Il l1=|i'1'l| ™

e Each pendulum gives a
1/f72

e Complexity depends on
isolation needed

e Main/arm optics are
quadruple suspensions
with a quadruple reaction
chain

e Other optics (PRC/SRC)
are triples

e Even have double and
single for sensing

E1000040



https://dcc.ligo.org/LIGO-E1000040

LIGO Optical Layout, L1 or H1

With Seismic Isolation and Suspension Systems
aLIGO and A+ 04C Configuration

G1200071-v10

J. Kissel May 16 2025
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Suspension Control

Reaction Main (test)
e Most suspensions have OSEMSs (optical sensing and Chain Chain

electromagnetic actuation) = shadow sensor + coil-magnet

e Test mass has ESD (electrostatic drive) at the bottom
e Some controls are in-between chains
e Each stage has to have quiet actuation

o le the lower we go, the less range
e Sensor noise matters!

o Can only damp at the top

o Coming soon: better sensors!

Flexi-circuit
Photodetector

Magnet

Connector Photodetector ‘

Coil Actuator


https://dcc.ligo.org/LIGO-G1100866

Fundamental noise sources

H Gravity Gradient
® Thermal noise —Stzz\;):a);\sigi tlﬁgrfnal noise
. . —— Coatina B . .
o Trying to push this down Goating Thermo-optic noise
for 05 W|th new teSt Substrate Brownian noise
. i Excess Gas
mass coatings 2 o8l oiEe

e Quantum noise

o More power and more
squeezing

o Radiation pressure at \ '
low frequency \‘_7

e Seismic noise - —

e Gravity Gradient ‘
(newtonian noise)

—]
o Not yet seen ‘

e Residual gas noise - "
o Keep vacuum good Frequency [Hz]

N
I
Z
=
£
I
=
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https://dcc.ligo.org/LIGO-P1400177

Other noise?

Strain [1/+/Hz]

—L1 04 DARM Sep 2024 169 Mpc 5. 8 dB sqz
—L1DARM - quantum - therm_coat

sum known noises - quantum - therm_coat \
——sum known noises, 212 Mpc

N \! W

m .1.l | !

Frequency [Hz]

10°

72500310



https://dcc.ligo.org/LIGO-T2500310

Technical noise sources

—DARM, 161.1Mpc. | | " “LprcL I ; : - ~'Residual Ghs ' ; :
10_21 \ ‘ Seismic: grnd->TM+NN Aux controls - ASC ——— Scatter from FC (alog 72088) B
\ —— Laser Amp/Freq ——SUS damping - Quad+Trpl BOSEM ——Known noises: 205.2 Mpc E
— — Suspension Thermal -~ SUS actuators - PUM+UIM DAC QN+TN+RGN: 211.7 Mpc ]
— — Coating Brownian (G2000880) —— Input jitter —— ~05 (550 kW, 7 dBsqz, CTN*0.7): 199.3 Mpc
~ —~ AMD Thermal ~—— Dark ]
“ Aux controls - MICH+SRCL -~ Quantum (alog 78393) 7

1024}

V.Frolov

b Rt

10725 _ A0 E | g4
10 100 200 1000 2000 5000

Frequency [Hz]


https://alog.ligo-la.caltech.edu/aLOG/index.php?callRep=79720

L1 ASC NB 20250804

Example: ASC breakdown | =y

——CHARDY
DHARDP
—DHARDY
CSOFTP
CSOFTY
——DSOFTP
——DSOFTY
—SUM

e Measure each of a type of
noise and add in quadrature
e Careful not to double count!

Frequency [Hz]




How to measure: injection methods

Main idea: inject relevant noise, have relevant withess, measure the “transfer
function” and then apply it to ambient witness noise
Transfer functions require coherence, so maybe measure “power-to-power”
o The difference can tell you the non-linearity of the coupling
o The scaling can be linear even if the coupling is not
Is the witness actually relevant?
o Many channels see injections, but they’re not causally involved
Is the withess noise the same noise that affects DARM?
o [Egif limited by sensor noise, then it's not
Up/downconversion - eg scatter fringe wrapping

M DARM_noise(f) = ()
Xinj (f)I? - [kag(f)] CF(f) * kag(f)

where kag( f) and Xinj( f) are the ASDs of the witness sensor at background and
injection times, respectively, and kag( f) and Yinj( f) are the ASDs of DARM at
background and injection times. We use coupling factor to refer to the value of a
coupling function at a single frequency bin.



https://arxiv.org/abs/2101.09935

Example: Measuring Input Jitter

CS-PSLAcoustic-March2023:L1:PEM-CS_ACC_PSL_PERISCOPE_X_DQ

e Inject acoustics o |
o Few bands to focus power [ :'5§§§§?§§§g¢m W ’4| i %W |
o Low-freq use piezo 3 ! M . M“WJWH{WW,I,M |
o Could use shaker or other [N ™® m.w W R g
injectors B |

e \WVhat sensor to use?
o PSL periscope is good,
others are not
o But can find better

Frequency



https://alog.ligo-la.caltech.edu/aLOG/index.php?callRep=64098

Example: Measuring Input Jitter

L1 PSL Acoustic Injections for Input Jitter at 50W input, Mar 2023

——injection
o contribution
upper limit
darm/10
oY

e [IMC WEFS are even better, and
predict signal in DARM correctly!

e \We add pit and yaw in quadrature
since we can’t distinguish

24
18 i

——40 to 100 Hz Inj
——100 to 300 Hz Inj il
300 to 700 Hz Injff
700 to 2k Hz Inj
——2k to 7k Inj
No Injection

N
&
>
~
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i}
2
g
)
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2

Frequency [Hz]



Example: Measuring Input Jitter H1 vs L1

WFS A DC

e H1 and L1 have similar
coupling but H1 has a bit
more ambient noise

e H1 and L1 have different
best sensors!

o H1:IMCWFSADC F"f,jﬁ:”:y;:z]
o L1:IMC WFS ARF

e This coupling is subtracted
in CALIB_STRAIN_CLEAN

e For O5 installing JAC (jitter
attenuation cavity) to reduce
by ~factor of 10

WFS signal [rad/vHz]

-
S
oo

WFS signal [rad/vHz]
>

i \
i, h, WM/ \W \,i Mp

— —h
S @
ey -
=L o

101

-—
L T e —————C———
o

Frequency [Hz] AlO 0 682 1 5



https://alog.ligo-la.caltech.edu/aLOG/index.php?callRep=68215

Ambient sources (PEM = physical environmental monitoring)

T . aLIGO PEM SENSOR
creonicssey | LOCATIONS: LLO

t in LVEA / wall

| .........
=== vacuum chamber

e \Want good coverage: [yt
any noise source should

current claj 1

H H M Guralp sei I

make a larger signal in a [z
= @ magnetic injection coil I
ains v i .

sensor rather than
DARM!
Protection for data
quality and vetoes
e Various measurements |-
can point to noise &2
sources and prioritize sz \ T A —,7,
noise investigations Comer Statler

H EX CDS H
ELECTRONICS BAY

https://pem.ligo.org/



https://pem.ligo.org/

Upconverted noise example

We can also model upconverted
noise just fine as long as we have
a physical model

We can infer other parameters of
the coupling (eg amount of light
needed)

Strain/+/Hz

Strain/+/Hz

DARM with EX 5 to 10 Hz injection, matching scatter A = 6e-12
i

—— DARM inj
—— DARM bg
—— scatter + darm bg
scatter
—— background scater projection

Freq [Hz]

DARM with EX 10 to 20 Hz vibration injection, same scatter params

—— DARM inj
—— DARM bg
scatter + darm bg
scatter

Freq [Hz] 1OZAIO 77405


https://alog.ligo-la.caltech.edu/aLOG/index.php?callRep=77405

Current schedule (L1, but H1 similar)

cY26Q1 CY26Q3

(Post O4 Vent 1) - Duration TBD

[of issioning & |BHD: D & BHD phase A [ end of work ~start/mid April]
PEM post Nov 18 | HAM5/6 Septum
~2 weeks Swap

TMDS X &Y (?) |Laser interlock CHETA viewports & In-air VMD's for ITMS |JAC/realign ISC table [~mid April M a I n Ite m S "
end box upgrades install[mid Jan-mid Feb] - mid May] (during crnr pump "
BBS
PLMP: Road BBSS with qOSEM & 2xCRS [end of work ~start/mid April]
repair and HVAC Cage Baffles on AR side of ITMs and stiffening brackets on ITMs B H D h A
conversion (end p -

stations)

SEl upgrades L4C's, CPS, all BRS's and spring ITM optic C H ET A
damper work (HAM 3 &6) cleaning [at

closeout of crnr

JAC
CDSI/EE prep work & upgrades (see list to left) End station work (ISI, Baffles,

optic cleaning)

*X&Y Fix broken SEl sensors
(requires dome removals)

[ done by early May]

Vent prep (test stands, platforms, SEl upgrades &
cleanrooms, moving electronics, spring damper
racks, etc) work ? (HAM2,
HAM4)

X end power outage work (~3 days Platform moves
work total)

Vacuum prep and upgrade tasks (see list to the left)




Nikhil from here on



Gaussian Beam

Exact solutions to EM wave equation
under paraxial approximation

Lowest-order, minimum-divergence
solutions supported by stable optical
resonators

Natural eigenmodes of paraxial
propagation and stable optical cavities.

Wo

Uy, 21) = Up 1% exp(~icct) exp {— "";;zzﬂ exp [—z’ (kz LGkt w(z))}




Laser Beam Quality

Paraxial approximation of laser beam model

U(r,t) = Up(t) exp(2miv(t)t) E Clm (t) Py () Y W W e
l.m>0 Complex amplitudes of Hermite-Gaussian modes
T TEM_{Im}

Fluctuations can occur in
e Power

e Frequency

e Beam quality

"‘IIOI'

Spatial beam geometry
Beam pointing
Mode-matching
Astigmatism

Ellipticity

-
-
-
-
-
-
-
-
Do




Relative Power Noise / Relative Intensity Noise

P(t) _ [Up(t)P ;1 :
B = oaop © OO = [ aeiuo
Beam Quality

Measured in terms of relative power in the fundamental TEMO0OO Mode

Pfund . |COO|2 . 9
= 5 = |cool
Ptot zl,m |Clm|




Beam Pointing Fluctuation Errore

/\’)\M'\ )

\‘—

I WY {"IW

Fluctuation error, ¢(t) of a shifted and tilted beam can be expanded
Hermite-Gauss modes of the reference beam in terms of TEM10 & TEMO1
relative amplitudes (e << 1 limit)

where

Ules,€y) = P00 + €xdro + eydor ¢ (1) n S0 ¢ () o
€00 Coo



Detchar Example: Laser Beam Coupling to Cavity Eigen Modes

beacon signdl transmitted power [a.u.

LTI

hl

Cavity e 45
Mode Scan

l
i
NATIPAT
il iR s

In phase coupling to 1st Order In phase coupling to 2nd Order
< (Beam Displacement) (Waist size mismatch)
Quadrature phase coupling
to 1st Order Quadrature Phase coupling
Y, to 2nd Order
(Beam Tilt) - (Waist position mismatch)




LIGO Pre-Stabilized Laser



LIGO Pre-Stabilized Laser

G1100452
(old schematic)
on-planar ring
oscillator

* filter power noise
eLIGO laser at MC FSR

* filter spatial beam

shape and its

fluctuations

PMC

EOM
: ~AOM FI A

165W in TEM,,

Philosophy
Stabilize first at low power — amplify later — clean again

Requirements

Frequency stability

Power stability

Pure spatial mode (TEMOO)
High Power

(200W in TEMOO, < 5W in
higher non-TEMOO)
Reliable & controllable

9% power drift over 24hrs

100 kHz frequency drift over
100s



LIGO Pre-Stabilized Laser

beam shutter (external)
beam shutter (internal)

High-power
Faraday isolator

Electrical interface

35 W MOPA

Long range actuator
High-power oscillator

HPO requires strong
water cooling, and
cooling-driven
vibrations creates
beam pointing/size
noise, which couples
badly to the detector.

Can also suffer from
cavity length noise,
thermal noise etc.



LIGO PSL O4 Latest Schematic

Av from interferometer

High power oscillator -
replaced with amplifier stage. =]

double-pass AOM2

1st reference cavity

neoVAN- I l

ESSPD Frequency Stabilization

neoVAN-4S(-HP)

to DBB

aLIGO MOPA

Power Stabilization
ISS-PD- /a5
Ko

neoVAN-
4S-HP

diagnostic
breadboard

Output power : 140W



Detchar Example: Laser Amplitude Noise Subtraction

coherence

Measure transfer function Do ti .
o time domain
Measure from witness to GW

coherence strain channel subtraction

with strain
Do system identificaton. =~ Check suppression/

10°

|dentify Fit lIR/FIR filter residual coherence craquency i
coupling



Input Optics



Input Optics

Main task: Take the beam from PSL, prepare it and inject it to main
interferometer.

ISC—Sled

-
! toHAM 1 I\ =

1 N\,

! i

i

:

RFPDQ

DCPD G \\ . to Vacuum
Periscope

Outside vacuum, co-located In vacuum, seismically
with PSL isolated



Alignment Sensing & Control (ASC)



salignments affect strain sensitivity

® Angular Motion is imprinted in the strain
signal in a broadband sense.

Mi

® |ncreases the number of transients -> false

GW ftriggers
® Persistent sidebands also effect continuous

wave searches

Bilinear Coupling: Injected narrowband frequency lines get
modulated by low frequency alignment fluctuations leading to

sidebands.

Higher Nonlinearity
Lower Nonlinearity

N
T
I
s
£

©

5
7]

330 370
Frequency [Hz]

Single frequency calibration lines




DetChar Example: Removing Bilinear Coupling

Transfer System
Function dentificatio

Calibration
Line (320 Hz)

GW Strain

Signal Recycling
Longitudinal Transfer
Feedback Function

Band Pass Cleaned

Strain

Offline Bilinear Noise Subtraction
T T T

T

Il Original
Bl After Noise Subtraction

Number of transients

I I . .
100 200 250 300 350 400 450 500
Frequency [Hz]




DetChar Example: Squeezer Filter Cavity Misalignment
Correlates with Astrophysical Sensitivity Degradation

158
156
L1:DMT-SNSL_EFFECTIVE_RANGE_MPC.mean 154

Astrophysical Range '*?

150

-1.2

L1:5QZ-DCPD_RATIO 2 DB_MON.mean1-4
Squeezing Ratio (Freq band 1) .16

-5.2

-5.4
L1:5QZ-DCPD_RATIO 4 DB_MON.mean

Squeezing Ratio (Freq band 2)-56

280
260

L1:5QZ-FC_ASC_INJ_POS_P_OUTPUT.mean %‘2‘8
Squeezer Filter Cavity 200
Injection Position Pitch 180

L1:5QZ-FC_ASC_INJ POS_Y_OUTPUT.mean

Squeezer Filter Cavity

Injection Position Yaw Jul 01, 16:00 Jul 01, 20:00 Jul 02, 00:00

time 2023




|deal

Controlling Suspended

Advanced LIGO
40kg test mass

42



43

P.C. Jenne Driggers



Alignment Sensing & Control (ASC)

T952007

Any hardware and/or algorithms
Sensing & Control

T I used for
Length Sensing & e Determination of initial

17 I ‘ Control interferometer optical axes

Pre Input Core Core

Stabilized Output || Optis ] Opics e [nitial alignment of

Laser Optics Support

K | input-output optics and

Suspensions suspended core-optics
| |

Seismic External Isolation

e Determination and control of
All Subsystems Control and Monitoring System beam pOS|t|On on the
suspended core-optics

I Mechanical interfaces Optical interfaces | Electrical interfaces



ASC Sensors : QPD & WFS
Quadrant Photodiode

Gives info about the beam position of the QPD
(good for pointing/drift control)

Pitch = (top-bottom)/sum
Yaw = (left-right)/sum

Wave Front Sensor

e Relative alignment info btw two laser fields at
two frequencies (carrier & sideband)

e Each sensor head is a Radio Freq QPD

e Each quadrants get demodulated by Cos &
Sin (1 & Q)

e 8 initial signals combined to 4 (Pitch/Yaw,
1/Q) per WFS

SB wave front

Carrier wave frontl\




Differential Wavefront Sensing (DWS)

%
2

'Q
Mod. freq
Ex:GEO Mode Cleaner

Centring control

from laser

® Mark the incident field to a cavity with a

reference frequency, which is promptly
reflected

® Demodulate the "near" and "far" quadrant

photodetector signals at the reference
frequency

Relative Gouy phase
between the near and
far QPD is 90°

® DWS can sense four misalignments in total
(horizontal, vertical) x (angle, displacement)



Hard and Soft Modes

e At high power, radiation pressure

from the laser couples to the cavity

mirrors

e Laser acts like a rotatory spring
along pitch (yaw) axis

S T; 0;

Topt — Te — I<0pt 06
-1 ksoft 0 .

S [ 0 khard S = Kopt

e Hard (soft) modes have higher

(lower) frequency than individual
suspensions

LIGO-T0900511-v4

Hard mode -> higher g-factor->higher

sensitivity -> damped at higher bandwidth
using ETMs

Soft mode -> lower g-factor->higher sensitivity
-> damped at lower bandwidth using ITMs



Controls & Data Systems (CDS)



LIGO CDS Front End Controls




Power Supply

ADC/DAC
Interface Board

Timing Interface

LIGO CDS Front End Controls

Fiber Uplink
PCIX/PCle Bus

ADC & DACs

Analog | Digital



LIGO CDS Front End Controls Jamie Rollins

field racks real time data analysis
control acquisition clusters

supervisory gpics

control T

AWG
stream

I/O chassis
EPICS I0C

awgtpman

bulk offline
analysis

ethernet

low-latency
data distribution low-latency
and H analysis
stream
processing

C ethernet
distribution interconnect

I/O chassis front end computer

T Ol
EPICSIOC
: _ (psaaasae
| awgtpman 1
@
JE — i —

control room

other

front ends external




Advanced LIGO Timing System
Needed for

Roof, Corner Station 2xCER, X/Y End Roof, X/Y End ONLY
e Coherent GW detection
IRIG-B
. . Timestamp ;. |
Source localization [Froncend G

Skymap creation eff L

0 ‘ > Tone
Realtime controls Trimble GPS Clock ,~ 1~ Diagnostic | ' | CNSII GPS Clock
PPS : -
! . Locking 1PPS \ /i’h{tenixl) e

RF signal sampling (digital Do v T

demodulation) L

The Advanced LIGO Timing System is

| Network

required to provide timing information with ‘ [P e

Frame Writer [¢------------=--{ Data Concentrator [ ===

aLIGO CDS (Sitewide)

uncertainty below 1us
ArXiv: 2304.01188

Synced to Coordinated Universal Time
(UTC) from GPS satellite system, which
has a nominal accuracy of ~O(100ns)



Control Loops




How a GW interferometer listens to GWSs...

’"Interferngmeter ™

e —
Noise Nl

Mirror

Beam-splitter
= m (~ I B
Noise ' : . Laser 7 Photodiode Readout

Feedback Acta r -

Low Noise Electronics
“High frequency sensing
Low frequency actuation”

J Data
Storage




Model rate = digital controller execution rate

CO nt rO I F re q U e n Cy H i e ra rC hy UGF = closed-loop control bandwidth

4 kHz real-time
512 Hz-1 kHz 64-512 kHz hardware 1/0 clock
real-time models control models
Aucxiliary fmodels HAM-ISI, ADC/DAC

BSC-ISI Sampling

seismic
isolation

Frequency axis (not to scale)

MHz-range analog

16 Hz supervisory control 16 kHz real-time

2 kHz real-time trol del servos and RF
(State machlnes) control models control modeis sensing
ASC alignment (UGF ~ Hz) LSC (length), Laser frequency servos, RF

Guardian automation / EPICS interface i i ) )
HEPI isolation SUS (suspension local damping) modulation/demodulation



GUARDIAN: Hierarchical State Machine

Guardian: SUS_ITMX

supervisory :
control

" ALIGNED

real-time PN
control

5 Ethercat
field racks .

physical
plant

Manages the global state of the
interferometer by coordinating subsystem
states

Each node loads a directed state graph:
states are executable code blocks; edges
define allowed transitions.




Control Loop Bands in Advanced LIGO

MHz range (analog):

PSL and IMC frequency-stabilization loops; PDH servos.

Unity-gain bandwidth roughly 0.8—1 MHz for laser-frequency loops.
RF phase modulation and demodulation at approximately 10-50 MHz.

64 kHz hardware clock:
ADC and DAC timing; front-end 1/O processors.

16 kHz fast digital models:

LSC : global longitudinal control (DARM, CARM, etc.). LSC model runs at 16 kHz.

Core suspension (SUS) models : QUAD suspension local damping and actuator interface.
DARM servo unity-gain typically 40—-100 Hz.

4 kHz band:

HAM-ISI and BSC-ISI in-vacuum seismic-isolation controllers. Sensor inputs are digitized at 64 kHz then decimated to 4 kHz.

2 kHz band:

HEPI external seismic-isolation platforms.
Many ASC and angular-control front-end models run at 2 kHz or 4 kHz; typical alignment loop unity-gain around 1-3 Hz.

512 Hz-1 kHz band:

Various other fast digital models (thermal-compensation systems, auxiliary controls), depending on site and configuration.

16 Hz slow control:
Guardian automation state machines for lock acquisition and recovery.
EPICS “slow” operator-monitoring channels.



https://gwosc.org/detector_stat

GWOSC Calendar ¥ Today Yesterday 04 summary Previous Observing Runs

Gravitational-Wave Observatory Status

Please select a date from the calendar above to see archived or current status.

Information is available for dates after November 30, 2016. The Advanced LIGO and Virgo detectors have begun the third part of 01 /enwronment/round motion/
the fourth observing run, known as O4c, as of January 28, 2024. The entry of the KAGRA detector into O4c has been postponed

in order to continue detector commissioning activities and further increase the sensitivity of the detector. All detectors are
planned to rejoin 04 by the end of the run. Summaries of the current observing run and previous observing runs SR e N B LI T T S ST S A T gy Se (e
the menu above. For overviews of LIGO, Virgo, and KAGRA observing runs, see the arXiv:1304.0670.

» Today's Summary Page EnVIrOnmenT Ground mOtIOn
 Current Status (GWISTAT)

o LIGO/Virgo Alerts (GraceDB)

» Hanford alog — Livingston alog — Virgo logbook — KAGRA klog
e LIGO Laboratory — Virgo — KAGRA Observatory — GEO600

These plots display the ground motion at the LIGO Livingston and LIGO Hanford Observatories as measured by Streckeisen STS-2 s
Each plot shows the root-mean-square ground motion in a different frequency band, which capture independent ground motion behe
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https://gwosc.org/detector_status/
https://gwosc.org/detector_status/day/20251001/environment/ground_motion/
https://gwosc.org/detector_status/day/20251001/environment/ground_motion/

