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BINARY COALESCENCE
WAVEFORMS
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BNS Horizon
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COALESCENCE RATES

[ atest rate exclusions
from LIGO-Virgo data

Abadie et al PRD (2012) 10
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ADVANCED DETECTORS

AdvLIGO tunings
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SENSITIVITY EVOLUTION

» Advanced detectors: LIGO:first lock 2000
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SENSITIVITY EVOLUTION

« Advanced detectors: Virgo:first lock 2004 .........

first lock in 2014 VSR2:2007 )

C3 Apr 2004

— Virgo design
Virgo+ with MS design
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LOCALISATION FROM TIMING

* A pair of detectors
localises to a ring on the
sky
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LOCALISATION FROM TIMING

* A pair of detectors
localises to a ring on the
sky

» Width of rings given by
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SNR AND BANDWID IH
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FREQUENCY BANDWID I'H

« |00 Hz as a rule of thumb

AdvLIGO tunings

I S ~[===-NO SRM

DiEEs depend upon n Igh 10" |7~ ZERO DET, low P. |

= ZERO DET, high P.

freq UCNCY 5€NS |t|V|t>/ s “] e NSNS Opt.

AR S - SRR T BHBH 20deg
o 5 High Freq

SENEESRIM 60 Hz

I : 8 : :
i P A i S
=231 B B NG : -*
R __‘ N+, S ;‘ AW

Strain [1/VHZ]

e Ber Flion P 1 20 FHz L s =

'y

* Significant iImpact on 10 10° 10
3 : Frequency [Hz]
localisation



NOISE BACKGROUND

 Noise background falls off rapidly at high

SNR, due to sophisticated analysis pipeline | G
Babak et al, arXiv: 1208 TNy Blind Injection
- >
* Matched filtering analysis 3 10°
: 8 $
» Signal consistency tests 5 107
£
- Data quality cuts 7 10 \ \
® Background
| x  Extended Background HT
* For following examples: oo L—Foreground__ , T gbf |
8 9 10 11 12 13
. : Threshold P,
» Require combined SNR > |2 for
Abadie et al PRD (2012)

detection

« SNR > 5 In two detectors

« SNR > 3 to contribute to localisation
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LOCALISATION FROM TIMING
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CAVEAIS

* Results use only timing information, but assuming can break
reflection degeneracy for 3 sites [Veitch talk]

» Use Gaussian approximation to localisation (breaks down at
low SNR)

* Have neglected effects of discrete “template bank™

* Have neglected spin (precession) effects [Harry, Raymond talks]



LIGO-VIRGO Al DESIGN

Face on BNS @ 160 MPc
» LIGO 200 Mpc

* Virgo 120 Mpc
* Assume 380% duty cycles

» 0.2 - 200 BNS signals per
vear

90% confidence regions
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LIGO-VIRGO Al DESIGN

Face on BNS @ 160 MPc
» LIGO 200 Mpc

* Virgo 120 Mpc

* Assume 380% duty cycles

» 0.2 - 200 BNS signals per
vear

90% confidence regions
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NO SIGNAL RECYCLING

Face on BNS @ 160 MPc
» LIGO 160 Mpc

* Virgo 100 Mpc

* Assume 380% duty cycles

* 0.1 - 100 BNS signals per
vear

90% confidence regions

Al



LIGO (half commissioned) -VIRGO

Face on BNS @ 160 MPc
» LIGO 200-Mpe 00 Mpc

* Virgo |20 Mpc

» Assume 80% duty cycles

» 0.05 - 50 BNS signals per
year

90% confidence regions
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LIGO-VIRGO (halt commissioned)

Face on BNS @ 160 MPc

» LIGO 200 Mpc

* Virgo +220-Mpe 60 Mpc
* Assume 380% duty cycles

» 0.2 - 200 BNS signals per B eI e
year

90% conﬂdence regions
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WITH LIGO INDIA

* LIGO (inc India) 200 Mpc
* Virgo 120 Mpc
» Assume 80% duty cycle

* 0.4 -400 BNS signals per
year

Face on BNS @ |60 MPc
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WITH KAGRA

- LIGO 200 Mpc Face on BNS @ 160 MPc

HKLV

i roer 20 Mpc
» KAGRA 160 Mpc

* Assume 307% duty cycle

» 0.3-300 BNS signals per

year 90% confidence regions
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» LIGO (inc India) 200 Mpc
S irge 20 Mpc
» KAGRA |60 Mpc

* Assume 307% duty cycle

» 0.5-500 BNS signals per
year
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WAVEFORMS AND

systematic
1 _5 max_
ot < — |2
Gro|l

 True for all PSDs; for realistic ones,
typically factor of 2 better

» Compare to statistical error
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CALIBRATION

» Phase error introduces a timing
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LATENCY



LOCALISATION BEFORE
MERGER?

1.0

* |n advanced detectors,
BNS signals spend
minutes in band

0.8¢

0.6

- Might detect a loud
signal a minute ahead.

tion of total

§O.4-

« But localisation comes

N the last second.




56-VoR3 LOW LATENCY

L~

* Low latency search was &

done i 56 VSRY/3 o N N N R

» Used timing and amplitude *
\ ! . 15 20 25 30 35 4[]p | 45
information for rapid _ . _ combined

L e e e e e e e
localisation R S —————— n—
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Abadie et al, A&A 2012
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56-VoR3 LOW LATENCY

| atencies of minutes for the
analysis were achieved

* [here was then a human
check of instrumental
performance
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ADVANCED DETECTOR
LATENCY

* Low latency much harder 103 p———rrm———— S —

; — ¢WB Nonblind |

i — cWB Blind .

» |Ox longer templates 10% | I — MBTA

; — LLOID ;

* |Ox as many templates 10 F [ Ik . T

» Significant effort to achieve g [ L _::rj 1. ||

minutes Iatenc:y 10 102 103 10* 10°
GraCEDb Event Submission Latency (s)

 Achieved in recent Keppel for the LSC and Virgo, GWPAW 2012 poster

‘engineering runs using
simulated data at advanced

detector design
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ALTERNATIVE LOCALISATION
ROU I E

Gravitational Wave

Gamma Ray, X-ray

Optical

Radio
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SUMMARY

» Advanced detectors will approach their design sensitivities
toward the end of the decade

» Localisation areas of |0s of deg? with three sites
» Additional sites Iin India and Japan give significant improvement
» Latency of minutes Is possible

» Rapid follow up of observed GRBs could give localised GW
SOUICES.
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