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~100 years since 1916

B modes in the Cosmic Background
— periods of 1010 years

Timing with millisecond pulsars
— periods of ~ year

LISA
— periods of hours to minutes

Ground based interferometers
— periods of 100 to 0.1 milliseconds



Outline

Current state of the detectors
Steps to Improve the sensitivity
Modes to run improved detectors
Detection of NS/NS coalescences



alks at GR19 on ground based detectors
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LIGO Observatory Facilities

LIGO Hanford Observatory [LHO] LIGO Livingston Observatory [LLO]
26 km north of Richland, WA 42 km east of Baton Rouge, LA

2 km + 4 km interferometers in same vacuum envelope Sindgle 4 km interferometer










Broad overview of the projects

GEO

— Developed :fused silica suspensions,signal recycling

— Future: squeezed light interferometry, high frequency
detection

CLIO/LCGT

— Current and future: cryogenic suspensions and
optics,underground operations

— Future: long baseline cryogenic underground detector

ACIGA/AIGO

— Current: study of high power, parametric instability
— Future: 4km detector

VIRGO
— Advanced detector

LIGO
— Advanced detector



Mostly idealized and fundamental noise
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Program of detector improvements

 Major steps between initial and advanced LIGO
— Increase laser input power 10 to 180 watts in stages
— Incorporation of an output mode cleaner
— Output optics and electro-optics chain in vacuum
— DC (carrier offset) “modulation” technique
— Reduction in thermal noise
« Steel wire to fused silica fiber suspension elements
» Lower mechanical dissipation optical coatings
» Larger fused silica test masses : 10 kg to 40 kg
— Improved active seismic isolation — extend sensitivity to 15Hz
— Tunable dual recycling interferometer configuration
— Quantum limited operation over significant band




—
i

£¢-
()1 bs/uroAs ()Y

pe-

2 A Lt L e B Do T
= LI.NV.._ | 1 [ T T T 1 ] .m.
| - L LS e el wsa _l._un_.l_lLln_.ll_lll_llll._ullln.lll
| : i N i
! 11l i (I T T T I =
L 111 1 1 | T O T | 1 1 1
e Pl T 0 s R
Ll 11 1 1 e 1 1 Ee]
4 T 1 | R | c
< [T - X S S T <
-— R & I 0
R i [ T T Y T i
D [ I I I | 1 1 | B T I B | ] 1 1 1
R VRN ILREIEN .
— [ T I N I I T 1 1 O
1 R il r 1 8 =
= |1hi g il Et &
—
R R T i
G | I I I | 1 1 | Y T I B | 1 1 1 1 n
o— L1111 1 L T T T | 1 1 1 O (am]
[ I I B | 1 1 1 ] 1
UV__ L1 ) o ——eee | Nl b wn_ | =
CTTE T 3 .. _—
g e
i | B e T S el el B E= 1=t ._|4|.|_,_.||.|In.hn.|l,.m...h.,.{.¥ﬁ“r||||
Ll (i TR e 1 1 R 1 =
p— i 1 T | | Ty 1NA 1 1 1 .-qluu
— F+4-Fd—d = ——F———f=———==——4 e ———— k= -}~
[ I T T 1 1 ] 1 1 1
> [ el L8 N R N N S
—_ N “ “ 1 ) |
= R R . 5. T QAR e 0 L
— L . S— - “ “
— S ———1 T = 1 1 2
=R U 1 O T e e L § AT e S )
[ By e ot 1 ] ]
o [ | | &
gy R i I Y )
O L L 4 L “ _ /& =
= el e e B P e i i e - RN — mom = el [ U T A A ' A TR ¥ T -
[ I I I | 1 1 1 1 Jeoaloih 1 1 e D.l_
= (It e O s o i PN g
R e ——: e = L
= R I 1) AN S
! I I T i N P W
[ I I I | 1 i i demlor=t 1 | I I | N o~
- rrrr o 1 1 11 1 11 4]
I O e [ I ) (N 1 11 (@] =
= o e e e oo e e o = = Y — = — o ke [kl it === === —
= oS e e = e —— ] R ki S e o ke £ SN e % SR I A S PR R S ¥
a1 B =~ § i 1 !
T 00 0 1 e ——— i ——— . Cra TTTYTTTTTT
F G O T R P AR Sy SO i e =SSy T A N S P, bddol (Y S
| I I I | 1 [ 1 | I I I | L
n 1 L 1 1 = Frem— =4 Y I N S Y ISR A I | O Y T O [ 7/ _n IIIIIII
= — T I L rT (@]
et U | I I | =
L (I P 0 T R F O
S U1 T <@
+— 11 D m
oy L — I S Y I S . A A =~ =
- = ) I —
> i 11 1 (0]
-— - = c
+— Ea o] gl ol b oo B o o Judi . Sl Lot il "unll_m\lul..nlhun
-m .uln | = i “ _
= e 15 P
l I 11 11 1 1
Ftt-F A= 4=~ —F———t-—- =~ -t -~~~ 1 Bt & 1 Lttt
L1 [ I I I | 1 1 ] 1 .% a_
— == R =X
= | _ HERE A
[ 'R 1 I [ 1 N i
b P i i 1 | N |
_ J 111 1 1 1 1 1 [ I O A | 1 1 1 ] —
! AR . ; e B ' s G AS i aE o : =
L I 1 1 1 _ L I I 1 1 _ | L 1 1 1 1



Systems: Interferometer Design
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“lico Seismic Isolation
= Springs and Masses
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Seismic Isolation
suspension system

suspension assembly for a core optic

Suspension
Stiffening ’ Support Structure
Bar ol
Guide Rod
Suspension
Wire
Safety Bar
Magnet/Standoff
Assembly
Head Holder Wire Standoff
Sensor/Actuator

Head

Safety Caﬁe



Core Optics

Suspension
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Schematic

Damping
applied at
top stage

Main chain plus parallel reaction
chain for control actuation

(Lower support structure removed for clarity)










Seismic tsolation initial ond odvonced LIGO
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thermal noise in intial/enhanced ond advonced LIGO
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Snakwnmse(Hz'”%

Advanced LIGO broadband operational modes
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P.Fritschel Advanced LIGO Systems Design (2009)

10 10° 10°
Frequency (Hz)
Mode NS-NS Range BH-BH Range P Tsra  ¢src  hrms, 107% (band)
0 150 Mpc 1.60 Gpc 25 W 100% - 0.53 (40—140 HZ)
la 145 Mpe 1.65 Gpe 250 W 20%  Odeg. 070 (110-210Hz)
1b 190 Mpc 1.85 Gpe 126 W 20% 0 deg. 0.37 (2057305 HZ)
2 200 Mpc 1.65 Gpe 126 W 20% 16 deg. 0.25 (2057305 HZ)




Classes of sources and searches

Compact binary inspiral: template search

iInspiral S5
— BH/BH
— NSINS and BH/NS S
Low duty cycle transients: wavelets, T/f clusters
— Supernova

— BH normal modes
— Unknown types of sources

_ P. Brady Plenary talk
Triggered searches

on Friday
— Gamma ray bursts
— EM transients Session C2 Friday
Periodic CW sources
— Pulsars

— Low mass x-ray binaries (quasi periodic)

Stochastic background
— Cosmological isotropic background
— Foreground sources : gravitational wave radiometry





Binary NS coalescences 1.4Mo / 1.4 Mo
Strain vs time
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MpeotxZ/Hz for initial, enhonced and odvonced interferometers
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<Mpc> contributions as function of frequency

initial LIGO
initial VIRGO

enhanced LIGO
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inttial and enhanced LIGO NS/NS rate for 100/MWEG/Myr
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Conditions:

False alarm rates reduced

NSNS coolescence events detected/yeor vs netwark ONR to Gaussian statistics.

- ] | ; Coherent detection

network A 200N1pc 200Mpc;i ”I 50Mpc @SNR 8
B 150 150 150

C 150 1 50 90 i MWEG/Mpc3 = 0.012

# insp./MWEG/Myr

1000

detected events/year

100

10

i b g 10 12 4 16 18 20
network SNR

SNR = 8/det
ndet 3
NSNS events/year = 8 > (RIMPC)) o MWE?)G #NSNS Insp
3 | SNR ek \ Mpc® )\ MWEG/yr



Physical Environment Monitoring

Seismic motion
— Xyz seismometer/building

Motion of test mass chambers
— Xyz accelerometers/chamber
Acoustic excitation

— microphone/building

Magnetic fields

— Xyz magnetometer/building

— Xyz high sensitivity coil/site

Radio Frequency interference

— multiband 30kHz -100MHz receiver/site
Main AC power monitor

— 3 phase monitor/building

Muon shower detector

— scintillator-PM tube/site



Cumulative Rate (per yr)
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probobility of n events or more with rote lombdo vs time
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Advanced LIGO H1 Optical Layout
Opteal parameters from LIGO-TOS00043-08
Coordinates & wedges from TOB0073-08 & ECB00342
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log10(Number))

NS/NS binary inspiral triggers in the year 1 of S5in L1 and H1

L1 single interferometer clusters of triggers

10%2

B L1 Clusters
| JUiClusters after cat2/3 auto vetoes
[ L1after cat /3 to-be-auto vetoes

I L 1Clusters after cat2/3 unclaimed vetoes

10%3

104

log10{Number))

10

H1 single interferometer clusters of triggers

I Hi1Clusters
| _IH1Clusters after cat2/3 auto vetoes
I IH1after cat 2/3 to-be-auto vetoes

I H1Clusters after cat2/3 unclaimed vetoes

10%2 10%3 10%4
SNR

Jake Slutsky LSU



test mass

h

light storage arm

test mass

test mass

beam
splitter photodetector

power recycling mirror
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