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Abstract: <span>Advanced LIGO (aLIGO) and Advanced Virgo (AdV) are kilometer-scale
gravitational wave (GW) detectors that are expected to yield the first

direct observations of gravitational waves. | will&nbsp;&nbsp; describe the

currently projected schedule, sensitivity, and sky
localization accuracy for the GW detector network in the next decade.</span>
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= Gravitational waves are quadrupolar distortions of
distances between freely falling masses. They are
produced by time-varying mass quadrupoles.
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The GW Detector Network 2005-2010
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The GW Detector Network 2005-2010
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Latest results: www.ligo.org

Popular A 3O Scientif F 2@ Summaries Data Releas

SUMMARIES OF LSC SCIENTIFIC PUBLICATIONS LOOKING DOWN A DETECTOR
ARM

We now fealure, for each new research article, a summary written for the general public. Summaries are listed
in reverse chronological order

Oct 01, 2012

Aug 03, 2012

May 15, 2012

May 11, 2012
May 08, 2012
Apr 02, 2012
Mar 14, 2012
Feb 15, 2012
Feb 06, 2012
Jan 31, 2012
Jan 23, 2012
Jan 11, 2012

Jan 03, 2012
Dec 21, 2011

Dec 01, 201
Sep 11, 2011

LIGO-G1300012
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The GW Detector Network 2013
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CONSTRUCTION
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~10 times better than initial LIGO , lower frequencies in band
Installation in progress, going very well!
Coincident “lock™ in ~2014, science runs with increasing sensitivity to follow.
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~10 times better than initial LIGO , lower frequencies in band
Installation in progress, going very well!
Coincident “lock” in ~2014, science runs with increasing sensitivity to follow.
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In progress: Advanced LIGO

Vacuum system is the same! B / |

a'
J
A
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US NSF funding for Advanced LIGO: 2008-2015.

} MREFC Funding Start e “"'_"'_'\“" l l”"“" s
FYO7 FY08 FYO09 FY10 FY11 FY12 FY13 FY14 FY15

Design and Development
— — = Fabrication
—s D @-Install / Installation

Construction Testing and Integration
Project Interforometer Accoptances

Project End

Science and Engineering Runs

LIGO-G1300012
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Initial vs Advanced LIGO

Simple pendulums become
monolithic, quadruple pendulums
with better quality optics
Prototypes being tested,
optics are polished

LIGO-G1300012
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Initial vs Advanced LIGO

Simple pendulums become
monolithic, quadruple pendulums
with better quality optics
Prototypes being tested,
optics are polished
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Initial vs Advanced LIGO

_downtube

4-legged stack
e crossbeam

Seismic isolation goes
i from passive to active
ot HAM SEI tested in S6
| Most chambers have
now their “SEI" installed.

~ower half of vacuum
tank with ports
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VIRGD  More on Adv LIGO
LIGO magazine in www.|

1go.org

NEWS PRESS RELEASES LIGO Scientfic Collaborat

Oct 1, 2012

ion is a dynamie group of
more than B00 scientists woridwide who have joined
Aug 24, 2011 J fogether in the search for gravitational waves from the
the most violent events n the universe. Learn more
Jul 28, 2011 A about gravitational waves and the LSC here!
Sep 17, 2012

Aug 3, 2012 May 24, 2010

Jul 11, 2012 Aug 19, 2009 @

LIGO-G1300012
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Neutron Star Binaries:

Initial LIGO: ~15 Mpc — rate ~1/50yrs

Advanced LIGO: ~ 200 Mpc

‘Realistic rate” ~ 40/year

Table §, Detection rates for compact

binary coalescence sources

IFO Source® Ny Y1
NS-NS 2x 107
NS-BH 7T x 1077

Initial BH-BH 2% 10

IMRI into IMBH
IMBH-IMBH

NS-N§ (0.4
NS-BH 0.2
Advanced BH-BH 0.4

IMRI into IMBH
IMBH-IMBH

Ny

0,02
0.004
0,007

10
20

0.5

<(.001" 0.01

400 1000

10! 300

Class. Quant. Grav. 27, 173001 (2010)

LIGO-G1300012
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Neutron Star Binaries:

Initial LIGO: ~15 Mpc — rate ~1/50yrs
Advanced LIGO: ~ 200 Mpc

‘Realistic rate” ~ 40/year

AdvLIGO

AL

Table §. Detection rates for compact binary coalescence sources
1FO Source® Ny yr N a Vi N ¥1
NS-NS 2x 107 0.02 0.2
NS-BH 7x 10 0.004 0.1
Initial BH-BH 2x 10 0.007 0.5
IMRI into IMBH <0.001" 0.01¢
IMBH-IMBH 104 107"
NS-N§ 0.4 400 1000
NS-BH 0.2 10 300
Advanced BH-BH 0.4 20 1000
IMRI into IMBH 100 300¢
IMBH-IMBH 0.1 ]
Class. Quant. Grav. 27, 173001 (2010)
LIGO-G1300012
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Neutron Star Binaries:

Initial LIGO: ~15 Mpc — rate ~1/50yrs
Advanced LIGO: ~ 200 Mpc

‘Realistic rate” ~ 40/year

Table 5. Detection rates for compact binary coalescence sources

1O Source® Ny 1 N YT N ¥yr
NS-NS 2x 107 0.02 0.2
NS-BH 7x 1077 0.004 0.1

Initial BH-BH 2x 10 0.007 0.5
IMRI into IMBH «<(.001" 0.01
IMBH-IMBH 101 10
NS-NS 0.4 400 1000
NS-BH 0.2 10 300

Advanced BH-BH 0.4 20 1000
IMRI into IMBH 10! OO
IMBH-IMBH 0.1 l

Class. Quant. Grav. 27, 173001 (2010)

LIGO-G1300012
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— 1 data month aLIGO de5|gn
— 3 data months
— 1 data year i
" T 39AdvDet science run, 2017-1{3{2//3
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vDet science run, 2016-17?
10"} .
18tAdvDet science run, 20157
S556
10'2 1 L L I 1 L L 1L
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LIGO-G1300012

Avg BNS range (Mpc)

7

* Rates assume 2-detector
network and detections
with SNR ~12, which in S6
had FAR ~1/100yrs for low
mass binary systems'.

* Real rates can be 100
times smaller, 10 times
higher?,

» NS-BH or BH-BH systems
can be seen much farther.
» A year of data takes ~ 2
calendar years.

« With more (similarly
sensitive) detectors, the
rate increases o« vV'N
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mass binary systems'.

» Real rates can be 100
times smaller, 10 times
higher?,

» NS-BH or BH-BH systems
can be seen much farther.
» A year of data takes ~ 2
calendar years.

* With more (similarly
sensitive) detectors, the
rate increases « v N
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The GW Detector Network~2020
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The GW Detector Network~2020

Advanced LIGQ

Advanced LIGO i

* Livingston
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VIRGD BNS Merger Localization:
Hanford-Livingston-Virgo

90% localization ellipses for face-on

BNS sources at 160 Mpc. 75° HHLV 3 site network
: x denotes blind spots

15"
00
-15°
-30°
-75°
S. Fairhurst, “Improved source localization with
LIGO India”, .6611"
LIGO-G1300012 19
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VIR®D BNS Merger Localization:
Hanford-Livingston-Virgo

90% localization ellipses for face-on

BNS sources at 160 Mpc. 75° HHLV 3 site network
. x denotes blind spots

15
OO
-15°
-30°
-75°
S. Fairhurst, “Improved source localization with
LIGO India”, arXiv:1205.661
LIGO-G1300012 19
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5 site network:
90% localization ellipses for face-on Slightly better
BNS sources at 160 Mpc. 75°¢° H | KI_V localization,
but also better
sensitivity and
duty cycle!

-75°

S. Fairhurst, “Improved source Iocallzauon with
LIGO India”,
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LOFAR Pi of the Sky

Swift

X-ray and UV/

+ + ROTSE b TARGTN + Optical
<+ ROTSE d
Liverpool
QUEST 4 SkyMapper
TAROT S ¥ ROTSE ¢ + *
\ 7adko ROTSE a

Mostly (but not all) robotic wide-field optical telescopes
» Many of them used for f |

ng up GRBs and/or hunting for supernova

Nine event candidates followed up by at least one scope

LIGO-G1300012

Pirsa: 13020124 Page 36/44



Pirsa: 13020124

. Radio

LOFAR

ROTSEb

TAROTN

QUEST

TAROT S

Mostly (but not :

” Man

Nine event candidates followed

LIGO-G1300012

F

Liverpoo

ROTSE ¢

1) robotic wide-f

Pi of the Sky

ROTSE d

leld optical telescopes
RB "

nunt (8] ) [§]

up by at least one scope

Swift

Zadko

X-ray and UV/
Optical

SkyMapper

*

ROTSE a

Page 37/44



Pirsa: 13020124

VIRGO

LIGO-G1300012

LSC AND VIRGO POLICY ON RELEASING GRAVITATIONAL WAVE TRIGGERS TO
T'HE PUBLIC IN THE ADVANCED DETECTORS ERA

The LSC and Virgo recognize the great potential benefits of multi-messenger observations,
including rapid electromagnetic follow-up observations of GW triggers, Both Collaborations (the
LSC and Virgo) will partner with astronomers to carry out an inclusive observing campaign for
putu:lmH» interesting GW triggers, with MoUs to ensure melm ition and confidentis ml\, U! the

I'hey are open to all requests from int

Crs or astronomy pro

vant to become | > O ||.I|‘.l\ $to .lp sct

ffort in

rganize tl 1¢ best science can be done with

Erav itational wave :.'!_I'I’.'! -]

After the published discovery of

he LSC and Virgo will beg

ta from LSC and/or Virgo detectors,

t triggers promptly to the entire

munity to enable a wider

II'I\ cot e of follow-up observations. This will take effect

yllaborations have published papers (or a paper) about 4 GW events, at which

ii.[u.Ul\n rate can be reasonably estimated. The releases will be done as promptly as possible,
within an hour of the detected transient if feasible. Initially, the released triggers will be those
which have an estimated false alarm rate smaller than 1 per 100 years.

Partners who have signed an MoU with the LSC and Virgo will have access to GW triggers with
a lower significance threshold and/or lower latency, according to the terms of the MoU, in order
to carry out a more systematic joint observing campaign and combined interpretation of the
results

‘\ni‘ inced Detectors era, the LSC and Virgo will release appropriate segments of

om operati to de ravitational waves presentec
LSC/Virgo author

sctors correspondir

publications, at th tion, including the first claimed

ection of gravitational waves

T'he text of this policy was approved by LSC Council on March 21", 2012; it was approved by
the EGO Council on May 4", 2012

I'he LIGO Data Management Policy LIGO-M1000066 will take precedence in how LIGO data
are released should this policy and the LIGO DMP be in potential conflict.

dcc.ligo.org, LIGO-M1200055
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LSC AND VIRGO POLICY ON RELEASING GRAVITATIONAL WAVE TRIGGERS TO
ITHE PUBLIC IN THE ADVANCED DETECTORS ERA

The LSC and Virgo recognize the great potential benefits of multi-messenger observations,
including rapid electromagnetic follow-up observations of GW triggers, Both Collaborations (the
LSC and Virgo) will partner with astronomers to carry out an inclusive observing campaign for
potentially interesting GW triggers, with MoUs to ensure coordination and confidentiality of the

ierested astronol

MoU. 1

uarantee U

StS from

mation. They are open to all reque ers or astronomy pre
tners thre
effort in an effici

gravitational wave triggers

ey encourage colleagues

rganize this ¢ best science can be don

After the published discovery of

he LSC and Virgo will beg

h data from LSC and/or Virgo detectors,
the entire
ific cor effect

¢ Collaborations have published papers (or a paper) about 4 GW events, at which

ant triggers promptly t

1ty to enable a wide llow-up observations. This will take

uamec a
detection rate can be reasonably estimated. The releases will be done as promptly as possible,
within an hour of the detected transient if feasible. Initially, the released triggers will be those

which have an estimated false alarm rate smaller than 1 per 100 years.

Partners who have signed an MoU with the LSC and Virgo will have access to GW triggers with
a lower significance threshold and/or lower latency, according to the terms of the MoU, in order
to carry out a more systematic joint observing campaign and combined interpretation of the
results

I'hroughout the Advanced Detectors era, the LSC and Virgo will release appropriate segments of

gravitational waves presented in

data from operating c tors corresponding to de

LSC/Virgo authored publications, at the time of th 1, including the first claimed

detection of gravitational waves

T'he text of this policy was approved by LSC Council on March 21", 2012; it was approved by
the EGO Council on May 4", 2012

T'he LIGO Data Management Policy LIGO-M1000066 will take precedence in how LIGO data
are released should this policy and the LIGO DMP be in potential conflict.

dcc.ligo.org, LIGO-M1200055
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