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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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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.
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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: BROTSE



Two types of GW+EM searches

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

Credit: ROTSE




Two types of GW+EM searches

Allows for possibility of
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EM signals as they
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GRB 070201: A success story

.-/

| IGO observations ruled out an
iInspiral progenitor in M31 at
>99% confidence.” They allow
a soft gamma repeater (SGR)
progenitor.T

= |

41°|
- Abbott et al, ApJ 681, 1419 (2008) B Andromeda
200 00"48" 00'44™ 00"40™  00738"

T Ofek et al. Apd 681, 1464 (2008):
S N 2 Image from
ersa: bglmwets et al. Apd 680, 545 (2008) Muzets eval, Apj 680,545 (2008) O Page 16/69



GRB 070201: A success story

TEE Asteoeuvysical Foumsar, OB1:1464- (469, 2008 Juby 10

XK The Armerican Asroeoemes) Sociery. AT rehes resprvnd Proesed o U5 %

GRB 070201: A POSSIBLE SOFT GAMMA-RAY REPEATER IN M31'

E. O. Oex.” M. Muno,” R. Quivsy,” S. R. Kuixassa,” H St=ie,” W Perscr,” E. Nakaw,”
A. Gar-Yam.® A. Rauv,” P. B. Cameron,” S. B. Cesko,” M. M. Kastiwar,”
D. B. Fox” P. Cuanpra.™ A. K. H. Konc.™ asp R. Barnarp'®
Rereived 07 December 13; arcepred 2008 February 18

GRB 051103 and GRB 070201 as Giant Flares
from SGRs in Nearby Galaxies

D. Frederiks™. R Aptekar’. T_ Cline’. J. Goldsten™ . S. Golenetskii”.
K. Hurley-. V. [linskii*. A. von Kienlin®. E. Mazets" and V. Palshin

ffe Pirsacn- Fechmral (msaime, S8 Perersimeg, (03402, Russia
(roscldarsd Spece Fligh . NASA Grewmbeft MEY2077] 84
leriems Flopdans [ anersaie rired Plresies [ abergiore. WD 20

e _ferdar LTal 3} i ) pr2i 54 |
* Ningre Sctemres Caboresorr. Canersier of Catiformn ar Berkeler, Serkefer C4 $4720-7858 1754 ( ;I | e a

WPk Tttt (o itraterresireseie Plesee, [2-8574] Gawinmas: {rermnaim

“Abbottetal. Apd 6

+ Ofek et al, ApJ 681
risa: 1igbeazets et al, Apd 6

A\bstract. The Komp-Wind observaons of extremety bnght shon hard GRB 051 103 and
CGRB 0TI ane presented. Resalts of samma-ray deta empormi and spectml anmivses wgether with
[P soes: locnination are brmgmg ovidenoes of the borsts bemg i) puises of Gom Flanes

from 5ot CGemma-sov Repesters m the nearbe goloxes MR L ME2 and M3 1.

Eeywerds: gommes-my barsts. soft meoma-my opeaters, M1 MELMSD groop



Other ExtTrig efforts
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GRB 070201: A success story

| | GO observations ruled out an
inspiral progenitor in M31 at
>99% confidence.” They allow
a soft gamma repeater (SGR)
progenitor. T
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Other ExtTrig efforts
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LOOCUP: A work in progress*

Data Generation
and Transfer

Select Triggers and | Send Alerts

Triggers Database Determine Pointing | to Telescopes
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" - W | Event
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%y

Added latency:
<1min. <1min.

Total Latency:
3-6 min. < 1 min. 2-3 min. 10-20 min.| ~30 minutes

Credit: Brennan Hughey and Jameson Raollins
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LOOCUP: A work in progress™
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Overview of the pipeline

META

Sky Localization
and
Data Quaiity Check

Further Processing
and
EM Followup
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Sky localization
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Sky localization
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Sky localization
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Sky localization

Use the time-delay between detector sites and the amplitude
~Jieasured at each site to localize sources on the sky. page 26/69
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Sky localization

Use the time-delay between detector sites and the amplitude
~dieasured at each site to localize sources on the sky. page 29/69




Sky localization

Use the time-delay between detector sites and the amplitude
~dieasured 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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One big problem

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

90% of the luminosity in
2% of the total sky area
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Blue luminosity at 20Mpc
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Blue luminosity at 30Mpc
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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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Sky localization performance

SNR Distribution of Injections
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Sky localization performance

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

lceCube
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The era of multi-messenger astronomy
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The era of multi-messenger astronomy

LSC  Ess
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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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