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Evolution of the initial LIGO sensitivity

Noise in the initial LIGO

Program for improvements 1n sensitivity and duty
cycle

Enhanced initial LIGO

Advanced LIGO

Evolution of the capability for detection
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FRINGE SENSING

wavelength 1 x 10 -6 m

X\^
RFphase modulatim

arm length:4000 m

equivalent # of passes :-10 0

integration time

number ofquanta/second at the beam splitter

300 wdb atbeam splitter : ldl identicalphotons/sc

h - 6x10-22 integrationtime I0-2 sec

photo detector current

r,/m47



Quantum Noise in the Michelson Interferometer
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PENDULUM THERMAL NOISE

Pendulum Brownian motion

Dissipation leads to fluctuations

Tc - coherence or damping time

= O x period of oscillator

Exchange with surroundings:

E(thermal) = kT t
Tc

Large Tc => smaller fluctuations

Zener dampin g
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Phase noise from molecular scattering
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Pro gram o f improvements

o 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 quartz ribbon suspension elements
. Lower mechanical dissipation optical coatings
. Larger test masses : 10 kg to 40 kg

Improved seismic isolation - extend sensitivity to I5Hz
Tunable dual recycling interferometer configuration

Quantum limited operation over significant band



Considerattons

o Advantages for the science from phasing

Operations now in regime where rate of events - (lisensitivity)3

Reasonable probability of a detection

Maintain the data analysis effort

o Advantages for the technical program from phasing

Early trials

Reduction in installation and commissioning time
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Classes of sources
. Compact binary inspiral: template search

BH/BH
NS/NS and BH/NS

. Low duty cycle transients: wavelets,Tlf clusters
Supernova
BH normal modes
Unknown types of sources

o Periodic CW sources
Pulsars
Low mass x-ray binaries (quasi periodic)

. Stochastic background
Foreground sources : gravitational wave radiometry
Cosmological isotropic backg round



Binary Coalescence Sources &
Binary Neutron Stars: LIGO

Science:
Range

l0 million ly

Virgo lll
Groups
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lmage: R. Powell



Binary Coalescence Sources & Science:
Binary Neutron Stars: AdLIGO Range

11

lmage: R. Powell
APS Meeting April2003



$earch fior hinary systems
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o Search for double or triple coincident "triggers"

o Estimate false alarm probability of resulting candidates: detection? John Rowe, CSIRO

upper limito Compare with expected efficiency of detection and surveyed galaxies:

B. Abbott et al. (LIGO Scientific Collaboration):
. S1: Analysis of LIGO data for gravitational waves from binary neutron stars, Phys. Rev. D 69,122001 (2004)
. 32: Search for gravitational waves from primordial black hole binary coalescences in the galactic halo, Phys. Rev. D 72,082002 (2005)
. 52: Search for gravitational waves from galactic and extra-galactic binary neutron stars, Phys. Rev. D 72,082001 (2005)
. 52: Search for gravitational waves from binary black hole inspirals in LIGO data, Phys. Rev. D 73,062001(2006)
. 52: Joint Search for Gravitational Waves from Inspiralling Neutron Star Binaries in LIGO and TAMA300 data (LIGO, TAMA collaborations), PRD, in press
. 53: finished searched for BNS, BBH, PBBH: no detection
. 54, 55: searches inprogress.

55 sria. + hi.ction strtbtic

Hl cffrctirc_snr

)OO( slib: Hl-P
fl++ rli,!: Ht-u

- 
drb Hl-io-tl

)caO( ti} El-lA
{# 6j: Et-Ll

-nJ:ffl-tQ-U

30 'tO 50 60
Effcctive Distancc (Mpc)

G060185-00-2



Progress in Upper Limits
No GWBs detected
through 54. So, set
limit on GWB rate vs.
sigqal strength.

R(h,.,, ) =
q = upper limit on event number

T = observation time

r(h,'rr) = efficiency vs strengthr(h,.. ), T
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Progress:

I Lower rate limits

I from longer
V observation times

10-20 10-1s,J0-ta 1U17 10.
t1o [strainf\Hzl

Lower amplitude
limits from lower
detector noise

-
Latest (unpublished) Shawhan - Science Run 4
results in Session W1 1: Yakushin - Science Run 5

LIGO-G060178-01-Z Sutton APS Mtg 2006.04.22 12



Spin-down upper limit
calculated with intrinsic spin-
down value if available i,e.
corrected for Shklovskii
transverse velocity effect
Closest to spin-down upper
limit

Crab pulsar * 2.1
times greater than
sPin-down (fo* = 59.6
Hz, dist = 2.0 kpc)
hn = 3.0xL0-24,
et 1.6xto-r
Assumesl-1038kgmt

1 n --

horo-za

Jornt sensitrvrty over S5
n s5

-Jornt 
SRD for 1 year

o spin-down ULs
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bequency (llz)
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Predictions and Limits
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Advanced LIGO, 1 yr dal
Expec:ffi:r,*ivity

LIGO 51 : f)o< 44
PRD 69 122004

l dpcw(f)Qcw(/) : p" dlr. f
Ho = 72 km/s/Mpc LIGO 53: Oo< 8.4x104

PRL 95 22110',

BB Nucleo-Pulsar LIGO 54: Oo< 6.5x10'5
Gosmic strings

Initial LIGO, 1 yr data
Expected Sensitivity

- 4x10'6
Pre-big bang

Phase

Slow-roll

10
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