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The LIG

Interferometers are alig

LIGO

Caltech &2

[IGN Tan

2700 TR

LIGO Beam Tube

LIGO

® LIGO beam tube
under construction in
January 1998

65 ft spiral welded
sections

Girth welded in
portable clean room

In situ 160 C bake

1.2 m diameter - 3mm stainless

50 km of weld

LIGO-G050317-01-E

NO LEAKS !!

20,000 m® 108 to 10°
torr
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LiGO £160 Taw

LIGO Vacuum Equipment
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LIGO L160 Taw

Selsmlc Isolatlon System

Isolation Performance

a— ——

I “: ‘

Tubular coil springs with internal
damping, layered between steel

~ reaction masses
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Core Optics

installation and alignment
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o /160 Tow
A LIGO Mirror

Substrates: SiO,
25 cm Diameter, 10 cm thick
Homogeneity < 5 x 107
Internal mode Q’s > 2 x 10°

Polishing
Surface uniformity < 1 nm rms
Radii of curvature matched < 3%

Coating
Scatter < 50 ppm
Absorption < 0.5 ppm
Uniformity <10-3

> Best mirrors are A/6000 over the central 8 cm diameter
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LIGO
Monitoring interferometer status
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LIGO
Results from the 1st/2nd Science Run

Binary inspirals (S2):
» Neutron star binary coalescence: range up to 1.5 Mpc,
rate < 47/y/MW (90% CL)
» Black hole coalescence (0.2-1M) in Galactic halo: rate < 63/y/MW (90% CL)

Pulsars (S2):

»  Limits on 28 pulsars
» Upper limits on h as low as 2x1024 (95% CL)
and as low as 5x10-6 on the eccentricity
Stochastic background (S1):
» Energy limit as fraction of closure density:
h?,002,= 23 + 4.6 (90% CL)
» PRELIMINARY S2:
h?,00€20 = 0.018 +0.007-0.003 (90% CL)
Burst (S2):
»  Sensitivity: h, ~ 1020 - 1019 A/ Hz,
rate < 0.26/day (90% CL)
» GRB030329: h, < 6x102! I/ Hz

$2 joint sensitivity
= LIGO design: 1 year
Y Joint upper limit
O __Spindown upper limit

Gravitational wave amplitude ho

10-28 llllli 1 1 Illlll-

10°

Frequency (Hz)

- -01- GW Sympo on July 14, i _ .
Heo-GosaIroTE yme Y LIGO-GEO directed pulsar search

LIGO
20 years history of LIGO

1989 - First proposal submitted (210 M$)
1994 - NSF approves revised plan (360 M$)
1999 - Construction completed
- commissioning of subsystems and entire interferometers
- 2002-2006 - LIGO operation extension approved
» 33 M$ / year for operation and R&D
2002 August - first science data
2003 - Advanced LIGO proposal submitted
2004 - NSB approved Advanced LIGO proposal

» FY2006 request to US Congress : 184 M$ for construction and 195 M$ for operation
until FY2014

® 2005 winter - start of a long science run (S5)

» 3 interferometers at the design sensitivity to collect 1 year of data
® 2008 - Advanced LIGO funding starts

» 195MS$ for operation and maintenance between 2008~2014
® - possible mini upgrade discussed
® 2010~2011 - LIGO interferometers stop operation for upgrade
® 2013 - Advanced LIGO operation starts




LIGO LIGO Organization & Support

SCIENCE

DESIGN data analysis
CONSTRUCTION monitor tool
OPERATION

LIGO Scientific

Collaboration
44 member institutions

LIGO Laboratory

MIT + Caltech
~170 people

> 400 scientists
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LIGO
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h[f], 1/Sqrt|Hz]

Strain Sensitivities for the LIGO Interferometers

Best Performance for S4 LIGO-G050230-02-E

LHO 2km (2005.02.26) - S4: Binary Inspiral Range (1.4/1.4 Msun) = 3.5 Mpc

LLO 4km (2005.03.11) - S4: Binary Inspiral Range (1.4/1.4 Msun) = 7.3 Mpc

LHO 4km (2005.02.26) - S4: Binary Inspiral Range (1.4/1.4 Msun) = 8.4 Mpc
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4eo Thermal lensing effect

Thermoelastic deformation

Thermal lens 100 nm “Bump”

/ On HR surface
*Extend LIGO | “WFS” to spatially

resolve phase/ OPD errors
*Thermal actuation on core optics

500 kW {
10 nm “lens”

In Beam Splitter

100w

/

In Input Test Mass
100 nm “lens” for Sapphia
1000 nm “lens” for Silika
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LIGO :
Thermal Compensation System

ITM

/ \v\ ZnSe
Viewport

P Over-heat pattern

Inner radius = 4cm

Over-heat  Under-heat  Inhomogeneous Outer radius =11cm
Correction Correction Correction

@ Cold power recycling cavity is unstable: poor buildup
and mode shape for the RF sidebands

® Require 10’s of mW absorbed by 1um beam

LIGO-G050317-01-E GW Sympo on July 14, 2005 18




LIGO Sideband beam images at
the dark port

60 mW

120 mW 150 mW 180 mW Input beam
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LIGO Bad duty cycle of LLO4k
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LIGO

Active Seismic Isolation

Hydraulic External

PIER
LIGO-G050317-01-E

Pre-Isolator (HEPI)

GW Sympo on July 14, 2005

Duty cycle
before and
after HEPI
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LIGO Advanced LIGO Design Features

Inner stage
sensors (10f 3) [l

suppress seismic noise

40 KG FUSED ACTIVE
SILICA TEST SEISMIC __
MASSES ISOLATION
INPUT MODE suppress seismic and ebsbrt

CLEANER
FUSED SILICA,
MULTIPLE PENDULUM

thermal noise

ACTIVE uadruple
150w Lase e TR Denduln
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|LASER H MOD. - 230w
<7l BS
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T~6% )
) ) skRm 1 7 less direct force
;SR‘ selectively enhance signal ) o
WM v — oq e
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LIGO-G050817-01-E GW Sympo on July 14, 2005 23

LIGO Advanced LIGO

10000 times more possibility

Sky map showing locations of superclusters, walls, and voids of
galaxies within about 500 million light years. Superimposed circles
show the range of LIGO (orange inner circle) and the 10 timeslarger
range of AdvLIGO (purple outer circle). The milky way is at the center
in this representation. Credit: the underlying black and white image
LIGO-G050317-01-E with names of clusters and voids is by Richard Powell; the 24
superimposed color circles were added by Beverly Berger, Division of
Physics, NSF.




