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LIGO Outline of Talk

® [ntroduction: The LIGO observatory

» Detector overview
» Sensitivity goal

® Talk Focus: the Length Sensing and Control System (LSC)
» Pre—Stabilized Laser (PSL)
» Input Optics (10)
» LSC configuration (E1 — E7)
» LSC current configuration : Common Mode Servo

® Current Sensitivity

G020226-00-D Laboratori Nazionali di Frascati (INFN) — May 30th | 2002 2



LIGO International Network of Interferometric
Detectors

® L|IGO, VIRGO, GEO, TAMA

» 4000m, 3000m, 2000m, 600m, 300m interferometers built to detect
gravitational waves

G020226-00-D Laboratori Nazionali di Frascati (INFN) — May 30th , 2002 3



‘LIGO The LIGO Laboratory

Observatorles at Hanford (WA)

+

Campus Facilities
at Caltech and MIT
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Aerial Views of the Observatories:
_ g LIGO Hanford(WA)

Located on DOE Hanford Nuclear Reservation, north of Richland (WA)
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Aerial Views of the Observatories:
_ gt LIGO Livingston(LA)

Located in a rural area of Livingston Parish east of Baton Rouge(LA) 4 km
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LIGQODetector Overview: Optical Configuration
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LIGO Aimed Strain Sensitivity

INITIAL INTERFEROMETER SENSITIVITY

INITIAL LIGO

10

-1/2
h{f)[Hz ]

ESIDUALYGASS, 10% TORR

- 4;9
B 4;.
FACILITY

FIESIDUAL AS, 107 Torr Hy
A N e -

10 4 1 o 1 oo 1000
Frequency (Hz)

Laboratori Nazionali di Frascati (INFN) — May 30th , 2002

G020226—-00-D

10000

® Strain sensitivity
» ~10723 [Hz12 @ 150 Hz

® Sensing Noise
Photon Shot
Residual Gas

® Displacement Noise
Seismic

Thermal

Radiation Pressure



LIGO Vibration Isolation System

® Reduce seismic motion by 4-6 orders of magnitude
® Earth tides and Micro—seismic correction

HAM Chamber BSC Chamber
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LIGO Seismic System Performance
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LIGQOCore Optics Suspension and Local Controls
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LIGO Pre-Stabilized Laser (PSL): Block Diagram
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LIGO Pre-Stabilized Laser (PSL): Hardware

i Cavity for
'defining beam geometry,
|| joint development with

il Stanford

Custom-built
10 W Nd:YAG Laser,
joint development with
Lightwave Electronics
(now commercial productj

o e Frequency stabilization
AL AL cavity
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LIGO PSL: Frequency Noise
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Mode—-Cleaner

MC path

. .
tEIFO 2 paths: MC and PSL

from PSL |

Mode—CIfeaner
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® Objective: PSL to
follow MC (frequency
reference)

® 104 Hz/rHz @ 100Hz
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LIGOLaser/Vacuum Equipment Area (LVEA)
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LSC (E1-E7):
LIGO Signal Extraction and Control Scheme

®i—"~!® ® |FO follows laser,
differential
handled by
mirrors

j ® Detection Matrix

® » SAQ ——> L _
» SR| —_> L+

» SP| —_> |+

» SPQ —> |_

Saq = ETM-ETM,

Spi - ETMETM,
Spi <= RM - ITM;+ITM,

damping
Spa BS ITM4-ITM,
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LIGO

The LSC Control Screen

PD
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E7 (Dec 28™,2001 -Jan 14™,2002)

LIGO Interferometer Configurations

® H1: 4-km interferometer at Hanford; recombined
configuration; digital suspension controllers; tidal
compensation; 1-W laser power

® H2: 2—-km interferometer at Hanford; full power-
recycling configuration; differential-mode wave-front
control; analog suspension controllers; tidal
compensation ; 1-W laser power

® | 1: 4-km interferometer at Livingston; recombined
configuration; analog suspension controllers; micro-
seismic compensation ; 1-W laser power
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LIGO E7 (Dec 28",2001 — Jan 14",2002)
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LIGOEffect of Earth Tides on Control Signals
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LIGO

Tidal Compensation

Actuation End/Mid— =«
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LIGO Presently

® Common—mode feedback from arms to laser
frequency is now engaged on Hanford 2—km
Interferometer

» Improved control of laser frequency noise

» Establishes gain hierarchy to get better—conditioned control system

® Power—-recycling works on Hanford 4—km
Interferometer

» Important validation of digital suspension controllers

® | aser power increased to 6 W for Hanford 2—km
Interferometer; tuning up under new operating
conditions
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LIGO Common Mode Servo

To PSL and
MC (Commo
Mode)

& IFO is now the
i frequency
reference

Saq = ETM-ETM,
Sri - ETM4+ETM,
Spi - RM i ITM;+ITM;

damping
Spq BS ITM,4-ITM,
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LIGO

10—12

LHO 2km: Strain Sensitivity with CM
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LIGOLLO 4k: Displacement Sensitivity with CM
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LIGO: Built to Last
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