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Inspiral Search

® Matched filter is optimal:
® determines: Pr{ Inspiral | Data }

® Search over unknown params:
{t,,m,my,...}

® Search over {t,  } is easy

® Use a bank to search over { m|, m }



Inspiral Search

® Restricted 2 pN stationary phase templates
® High mass!
® Spin!

® Y2 (chi-squared) waveform quality veto

® Upper limit depends on efficiency estimate
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IT’s ONLY A VIRTUE IF YOU'RE NOT A SCREWUP.

X? Veto



Injected Chirp (SNR = 9.2) Spurious Event (SNR = 8.7)
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Detection Efficiency

efficiency at
loudest event

Event Rate /
Detection Efficiency

SNR



Issues

Does our bank cover real signals?
Does our veto veto real signals!?
Do we correctly compute efficiency?

Can we do better?
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IGNORANCE

IT's AMAZING HOW MUCH EASIER IT 1S FOR A TEAM TO WoORK TOGETHER
WHEN NO ONEe HAs ANY IDEA WHERE THEY'RE GOING.

Unknown Burst Search



Unknown Burst Search

® Short burst — unknown signal shape

® Excess power marginalizes over unknown
shape — optimal for known duration, band

® Just returns power in required
time interval / frequency band

® Tricky bit: how to tie into preceding signal?
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Power CoRrrUPTS. ABSOLUTE POWER CORRUPTS ABSOLUTELY.
But Ir ROCKS ARSOLUTELY, TOO.

Types of Power



Coherent
(v 4 1)? = 2% + 22y + * > threshold

glitCh *signal

accept

reject




Incoherent
% +2%y + 1y° > threshold

glitCh *signal

accept

reject




Correlated
7+ 211 + 7 > threshold




Coincidence
min (2, y?) > threshold

glitCh *signal

accept

reject




Null Veto

(v —1)? = 2% — 22y + 1 < threshold




Excess Power Searches

® TFClusters (incoherent)
® VWaveBurst (incoherent)
® Coherent WaveBurst (coherent)
® Corrpower (correlation)
® Q-pipeline (incoherent, null veto)

® X-pipeline (coherent)



Can We Do Better?

® More information on time-freq track
® Better guess of duration / freg-band

® Tie into preceding inspiral waveform

® Sidebands!
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Ringdown Search

Very simple waveform — too simple!

Matched filter available, but perhaps not
much different from Excess Power

Basically sees whatever is at 150 Hz

How to tie into preceding waveform!?



INDIVIDUALITY

Ringdown Morphology
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Binary Black Hole Coalescence VWaveforms

Baumgarte, Brady, Creighton, Lehner, Pretorius, DeVoe
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Outlook



LIGO Science Runs

® S1:23 Aug — 9 Sep 2002

® S2: 14 Feb — 14 Apr 2003

® S$3:3| Oct 2003 — 9 Jan 2004
® S4:22 Feb — 23 Mar 2005

® S5: Nov 2005 — | Oct 2007
® Enhanced LIGO: 2009 - 2010

® Advanced LIGO: 2013+

First Results!

Design Sensitivity!
Factor of 2 better

Factor of |10 better



Binary Neutron Star Range



Future...

Parameter Estimation and
Astrophysics

INCOMPETENCE

WHeN You Earnesty Brueve You Can Compensare
FOR A LACK OF Sxut 8y DousuinG Your EFFORTS,
Tuere's NO Eno 1O WHAT You CaN'T Do.



Binary Neutron Star Coalescence Waveforms

VAN /\/\/\/\/\V\\wvvwv .

2hve M W A'A\\l“ "l .\'»‘\ “'lm .M\ml‘\m‘\/v\ Medium
JAAS \"WW «I‘ ‘U’I}( '('H\Hu = 12 km

| Soft
R =10 km

Neutron Star Equation of State

strain



Advanced LIGO Noise Curves
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Conclusions

® Present: We want waveforms to
® |Improve/validate methods, hone vetoes
® Determine efficiencies

® Future: We need waveforms to
® Parameter estimation, astrophysics

® Construct template banks!?



MOTIVATION

IF A PRETTY POSTER AND A CUTE SAYING ARE ALL IT TAKES TO MOTIVATE YOU,

You PrOBABLY HAVE A VERY EAsY JoB. THE KIND Bezets Wil 8 DOING SOON,
Computers

The End



Matched Filter Inner Product




Fisher Matrix

Y — Oh %
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Measurement Accuracy

(A)\i)rms — \/(F_l)m (Il() SU.HI)



One-Parameter Measurement Accuracy
AL — Ao
v/ (h1 — ha|hy — hg)
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Fitting Factor

(h1lh2)
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