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Abstract: One of the great promises of the Advanced LIGO erais the prospect of
integrating gravitational wave astronomy into the greater astronomical
community. Thiswill allow for measurements that cross spectral bands
and provide new paths for insight into some of the most violent
processes in the universe. In thistalk I'll discuss past and present
efforts with Initial and Enhanced L1GO to search for transients with
both electromagnetic and gravitational wave signatures, with special
focus on electromagnetic followups of inspiral events and an eye
towards the advanced detector era. In addition, I'll discuss some

work on detecting gravitational waves with pulsar timing experiments,
which seeks to bridge the gap between gravitational wave and
electromagnetic astronomersin adifferent way.
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The ground-based scene circa 2010
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Sensitivity gains over time
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Multimessenger Astronomy: An overview

Gravitational wave and electromagnetic signals provide
complimentary information about an event.
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Sensitivity gains over time
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Multimessenger Astronomy: An overview

Gravitational wave and electromagnetic signals provide
complimentary information about an event.
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irsa:

Multimessenger Astronomy: An overview

Gravitational wave and electromagnetic signals provide

complimentary information about an event.
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Multimessenger Astronomy: An overview

Gravitational wave and electromagnetic signals provide
complimentary information about an event.

1‘1-

M

~ N
| 4 =1 | F
d W ¥

—_— -
i e e — — e Ll e o~ e ey
W | | . ) _I" Il = e [} e B * ] { | 1i
] Pt il i il S N ot i | R o e i
—— T =k g e e — F - = | =
r S| clictanca » HNoet Nnaln
i b Sl ] ot i Sl i e B L
e et o = —~ —_ o~ P i ' R
» Riilk t = ~o y Hades
L i S ot — —rt S S e Sl S
— =
oy — — el Tl = s — — — — — e T el =k
b =y | B -} = | = 2 | r (< A Ir M =
- Y N B LI - ot el ot - - I -t e L L - -

Information from both gives us a
more complete picture of the event
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Two types of GW+EM searches

Credit: ROTSE



Two types of GW+EM searches

Allows for a more
sensitive search by
focusing on a short
period of data and a
single sky location.

Credit: ROTSE



Two types of GW+EM searches

Credit: ROTSE



Two types of GW+EM searches

Allows for possibility of
Imaging corresponding
EM signals as they
OCCUI.

Credit: ROTSE




Two types of GW+EM searches

Allows for possibility of
Imaging corresponding
EM signals as they
OCCLUI.
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GRB 070201: A success story

| |GO observations ruled out an
iInspiral progenitor in M31 at
>99% confidence.” They allow
a soft gamma repeater (SGR)
progenitor.T
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GRB 070201: A success story
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GRB 051103 and GRB 070201 as Giant Flares
from SGRs in Nearby Galaxies
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Other ExtIrig efforts

» SGRs

» Supernovae
» Neutrinos

» Radio bursts
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Other ExtIrig efforts

» SGRs

» Supernovae
» Neutrinos
» Radio bursts
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LOOCUP: A work in progress*

Data Generation
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LOOCUP: A work in progress™
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Overview of the pipeline

Sky Localization
and
Data Quality Check

Further Processing
and
EM Followup
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SKy localization
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SKy localization
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Sky localization |

Use the firﬂE-GEl&‘j pbetween detector sites and the amplitude

~easured at each site to localize sources on the sky. page 27169



Sky localization

Use the time-delay between detector sites and the amplitude |
~neasured at each site to localize sources on the sky. e |



Sky localization

Use the time-delay between detector sites and the amplitude
~deasured at each site to localize sources on the sky. page 20169




Sky localization

Use the time-delay between detector sites and the amplitude
~deasured at each site to localize sources on the sky. page 30/69




One big problem

Poor sky localization. Optimistically tens of
square degrees, even for advanced detectors™.
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Incorporating
Astrophysical Priors
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One big problem

Poor sky localization. Optimistically tens of
square degrees, even for advanced detectors™.
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Number of galaxies at 10Mpc
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Number of galaxies at 20Mpc
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Number of galaxies at 30Mpc
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Number of galaxies at 40Mpc

90% of the galaxies In
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Blue luminosity at 10Mpc
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Blue luminosity at 20Mpc

90% of the luminosity In
9% of the total sky area
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Blue luminosity at 30Mpc

90% of the luminosity In
16% of the total sky area
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Blue luminosity at 40Mpc

90% of the luminosity in
21% of the total sky area
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Blue luminosity at 40Mpc
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(M2J))VIRGO

Sky localization performance

SNR Distribution of Injections

Number of Injections
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Sky localization performance

Fraction of Injectians

Fraction of Injections
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Sky localization performance
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Sky localization performance

Sky Loczlization Performance
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SKy localization performance
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Sky localization performance

1.0
—  Whole Skymap
— 1ltile

sl 2 t!les e )
— 3 tiles :

0.6}

0.2 1

Fraction of events imaged

Pirsa: 11040075 0 '[l ] Page 51/69
10 15 20 25 30

Fa |




Sky localization performance
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SKy localization performance
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SKy localization performance
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Sky localization performance
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Sky localization performance
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Sky localization performance
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The Completeness
Problem
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Looking towards Advanced LIGO
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The telescope network
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Possibilities for the advanced detector era
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Credit: Lucia Santamaria
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The era of multi-messenger astronomy
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The era of multi-messenger astronomy

LSC
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The era of multi-messenger astronomy
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The era of multi-messenger astronomy

LSC

DINRGS

lceCube

e understanding GRBs
eprecision cosmology
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The era of multi-messenger astronomy
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The telescope network
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Looking towards Advanced LIGO
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