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--S.Finn--

Binary Pulsar Stochastic Background Core collapse Super nova

GW LIGOI  LIGOII Detectability

LIGOI GW event LIGOII

--V.Kalogera--

Binary system  Event Rate NS-NS 2.4 x 10-7 event / year

Pulsar Beaming 6 Faint Pulsar 1-200 recycled pulsar
1.5-3 NS-NS NS-BH BH-BH eventrate

NS-NS 10-6 --- 10-4 per galaxy.
NS-BH 10-7 --- 10-4 per galaxy.
BH-BH 10-7 --- 10-5 per galaxy.
LIGO Il  1500Mpc  BH-BH

--G. Harry--
Rotate Super Nova
GW Detect
Spherical Resonant Mass Antenna Q-10M7 50mK
h = 10-23 [1/rHz]

--F.Rasio--
Binary System  merger 104 --> 1075 GW
105 --> 1076

--H.Davoudiasl--
Extra dimension

GW
Dark matter

--S.Zwart--
N globular cluster BH
cluster BH-BH system merge rate
LIGOIl 1 event /year
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--S.Sigurdsson--
Galaxy formation  evolution 1 103 -- 10M BH
Super massive BH

--R.Matzner--
BH-BH collision singularity
1076 BH-BH coalescence 10-17 [1/rHz]

10"4  10-18 [1/rHz] GW 0.001 --> 0.1 Hz
10"3-10"7 massive BH merger
BH-BH coalescence Horizon
--N White--
NASA Gravity BH

Swifft gammma ray burst detection GLAST X-ray
imaging -- Maxim Path Finder X-mission
--C. Lousto--
--M. Tinto--
--P.Bender--
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--GEO600--
Recycling Mirror + 1Arm End Mirror + 1Near Mirror + 2MC + Laser MC
system 50 Auto Alignment System for 1.2 km Arm --> 10-8
rad/rHz (f < 10 Hz) LIGOES Recycling LIGOE6
Signal Recycling 2001 12 LIGO coincidence
Garching30m prot type  12m DR Recycling
--LIGO--

2001/12 GEO600 coincidence run 2002 Science run 2003 Data run



20001/1 Hanford 2km 40 full lock Lock Scheme PRM --> PRM

with locked 1Arm --> Full lock Signal  sign change servo
Recycling Gain 0.5-1Hz alignment control
shadow sensor shadow

sensor PD coating Tidal
--TAMA300--
--VIRGO
Center room mirror install MC mirror  curvature
--Bardetectors--
o 27
--Miyoki--
--W.Johnson--
Suspension  ribon (BeCu) Robust  High Q
clamping loss  surface depended loss Thermal link  suspension
fiber ribbon
--M.Pinard--
Thermoelastic Noise Thermodynamics fluctuation ~ photothermal
fluctuation
Thermodynamics fluctuation  1-10kHz 1K SQL
thermoelastic noise  SQL brownian noise

1K Photothermal noise brownian noise SQL

Thermoelastic noise
1kHz  10-20 m/rHz Hough

--R.DeSalvo--

Cryogenic-LIGO  Heat evacuation



Flex joint instrument 1/300

Optical Refrigerator InGaAs/GalnP  Heterostructure
815 nm
Ultra
Sound Machining Ar Cluster Polishing
R&D
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--S.Rowan--

Coating
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@: Loss

Y : Young's modulus
E : energy for 7??

Coaning : 7940(3G) HR coating 40 AR coating for 1064 nm

mode(Hz) coated(x10-7) uncoated(x10-7)

f1(22k) 1.6 0.95
2 1.2 1
3 05 0.88

f4 19 0.95



f5 3.6 0.95

f6(36k) 0.9 0.87

1.7-15x 10-4

CSl : m-axis HR coating 40 AR coating for 1064 nm by REO

mode(Hz) coated(x10-8) uncoated(x10-8)

35Kk 9.4 35
54k 15 45
68k 14 11
82k 6.4 1.9
87k 9.4 32

3.7 x 10-4

--D.Crooks and G.Harry--
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--LIGO ll--
Advanced LIGO Astrophysical GW results



3 x10-24 1/rHz @ 600 Hz

Recycling gain -- 17
Laser -- 125W

Powe @ BS -- 2.1 kW
Mass -- 40 kg, 32cm
Observe -- 300Mpc

TNI

~-LCGT--

--LISA--

--Resonant Detectors--

--EURO-
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--A.Buonanno--
SQL 172

--E.Black--

TNI Subject internal  Thermal Noise Photothermal noise SQL
observe phasel sensitivity = 10-17 m/rHz @ 100Hz by using SiO2 mirror Phase I
using sapphyre mirror to detect thermoelastic noise TNI

--J.Camp--

Abs check:Stanford
Polish:caltech
Homogenity:caltech

Q measurement:glasgow



Birefringence:caltech

Coating loss:

-Abs Loss- 15ppm/cm

- -CSIRO  15cm x 8cm 1nm rms 0.2 nm microroughness
50km +/- 10km

-Q measurement-2 x 10"8 10% Q

-Birefringence- C-axis  Birefringence m-axis  anistropic

property

- - OK

CSl SIOM 2002/6

--D.Robertson--
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--F.Fidecaro--
--C.Taylor--
--G.Mueller--
Modal model tilt requirement -->10-8rad/rHz?
--R.Drever--
Upper mass FP Input mirror  upper
mass BS Upper mass
FP- Mirror Mass
1710 Several days Tidal
--T.Uchiyama-
CaF2 2ppm/cm loss high thermoelastic noise Q
10K LCGT
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--M.Cerdonio--

--S.Pollack--

--S.Merkowitz--

--G.Hammond--

--B.Lantz--

LIGO II Active Isolation Requirement  20dB for microseismic noise 60dB
@ 10Hz 15dB for 0.3-0.2Hz 55dB for vertical 45dB for
horizontal @ 10Hz

--C.Hardham-
Active alignment for microseismic noise, seasonal temperature change and control
reallocation.
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--W.Johnson--
W.Johnson dilution factor

dilution factor

( )

--G.Harry and D.Shoemaker--
Harry, Shoemaker coating  loss
native speaker

coating loss mechanism
material

process

polishing method



chemical treatment

Camp
( )
--M.Fejer-
Stanford  Fejer Materials Issues
20 25ppm/cm
coating violent
thermoelastic noise, SQL
Si
80
Si grating, Si mirror all-reflective interferometer Sagnac
interferometer
grating
Q
Optical materials and coating pose major challenge Reflective

optics looks useful ( )

--R.Stebbins-



