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THE ELECTROMAGNETIC SPECTRUM

wavelangth 10t 1w o 1 w! 1 oaed 1wt ot aw® 1wt o wE wt o w® o ot
I:II'I metﬁr‘g] T [ I I I I [ [ I I I | [ I I I
langer P, i —
Elii'E Dfﬁ e . ;e 7 ixl:'@-' [ ! Q sharter
L} I
wavelangt g - el Bacterin. VA Protein  WEter Molecule
HELE S aa INFRARELD = ULTRAVIOLET "HARD" X RAYS
L
m
MICROWANVES = "ROFT X RAYS SAMMA BAYS
Sources a @ &
= FM Radig Microwave Iﬂ Radlna*tl-.r&
AM  Cavl OEm Light Bulb The ALS X-Ray
= Radie o ’ penpm £ Machlhes Elernents
Frequency 1 1 l 1 L 1 1 1 1 l 1 L
(waves per : ; : ; 3 z
sacond ) 108 107 108 [ T e T L {11 m'- m"‘ m'--  {VLL T/ LESR 1L T L 1 L
lvaar |'||th|’
mf:;?gt;f | | | | | | | | | | | | | | |
{electron volts) 107 10 1 1% s et 1w 10 ) 1 1 10 1p? 10¢ 1pd 100

University
) of Glasgow

GWADW, Kyoto, May 2010



Why Multi-messenger Astronomy?

A multi-messenger approach is very important for GW
astronomy, and can:

* increase confidence in GW detections and optimise
search strategies

« answer specific questions about emission mechanisms,
as well as harness sources as astrophysical probes.
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Why Multi-messenger Astronomy?

A multi-messenger approach is very important for GW
astronomy, and can:

* increase confidence in GW detections and optimise
search strategies

« answer specific questions about emission mechanisms,
as well as harness sources as astrophysical probes.

" Aim of this talk: h
Brief preview of multi-messenger science opportunities,

L In the ET era, assuming “ET-B” spec. (Punturo et al 2010) )
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Prospects for the Einstein Telescope...

Third Generation Network — Incorporating Low Frequency Detectors

= Third-generation underground facilities are aimed at having excellent sensitivity
from ~1 Hz to ~104 Hz.

= This will greatly expand the new frontier of gravitational wave astrophysics.

EINSTEIN TELESCOPE
gravitational wave o bservator ¥

FP7 European design study,
with EU funding, underway for
a 3rd-generation gravitational
wave facility, the Einstein
Telescope (ET).

Goal: 100 times better
sensitivity than first generation
instruments.
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Prospects for the Einstein Telescope...

Third Generation Network — Incorporating Low Frequency Detectors

= Third-generation underground facilities are aimed at having excellent sensitivity
from ~1 Hz to ~104 Hz.

= This will greatly expand the new frontier of gravitational wave astrophysics.

le-19 . ,
FP7 European design study, oo | \ amégé —
with EU funding, underway for - avLIeo ——
a 3rd-generation gravitational g ez |
wave facility, the Einstein p o |
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Current multi-messenger approach

Mode of interaction: E-M observation triggers GW search
(see e.g. Abbott et al 2008)

Approach adopted in many searches by ground-based detectors,
particularly resulting from gamma-ray and/or x-ray observations.
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Example: GRB070201, Not a Binary Merger in M31

lRefS': ';. L .. : | R B
GCN: http://gen.gsfc.nasa.gov/gen3/6103.gen3
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18- 70 keV

70-300 keV

DO h44|'|‘| 00"40”’
RA (2000)

counts /0,002 s

2300-1160 keV.
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Example: GRB070201, Not a Binary Merger in M31

. Abbott, et al. “Implications for the Origin of GRB 070201 from LIGO
@ |nspi ral (m atched Observations”, Ap. J., 681:1419-1430 (2008).

filter search: 20

I, T 1 T
Inspiral Exclusion Zone

25 I | I .

@ Binary merger in M31
scenario excluded at B
>99% level = 15

: Q
@ Exclusion of merger at 10
larger distances 5

5 10 15 20 25 30 35
@ Burst search: mMe) g em <3 M
@ Cannot exclude an SGR in M31

SGR in M31 is the current best explanation for this
emission

sun)
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Current multi-messenger approach

Mode of interaction: E-M observation triggers GW search
(see e.g. Abbott et al 2008)

Approach adopted in many searches by ground-based detectors,
particularly resulting from gamma-ray and/or x-ray observations.

E-M trigger mode natural:

« GW detector networks all-sky monitors, low angular resolution

« GW detectors operate at low data rate, O(10* samples/sec).
— all data archived. (c.f. LOFAR, SKA)

« EM observations highly directional, with FOV of arcminutes or less
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Nascent efforts towards GW triggers:
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Future multi-messenger approach?

ph.CO] 10 Feb 2009
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Coordinated Science in the Gravitational
and Electromagnetic Skies

A Whitepaper Submitted to the Decadal Survey Committee
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Guoffray C. Bowur [UC Berkeley). Wisl Brandt (Pann Stae), Bethany Cobb [UC Barkeley]), Kam
Cook (Lramnce Livwrmaors National Laboratory TEPF), Alsssazdra Comid (DVAF-Roma), Swfizo

Covine (DIAF-Casarvatenio Astrononzico di Brera), Demk Fox (Pean State Usivensity), Andrew

Fruchter (STSCI), Chris Fryer (Los Alamo: National Labosatory), Jonathaz Grndlay

(Harvazd'CfA), Dister Hastmann {Clamscon), Zoltaz Haiman (Columida), Bance Eocziz (TAS),

Lynng Jomes (U, Waskington), Abraham Looh (Harvard), Szaboles Marka (Colunbia Usiversiny),
Briaz Mutzgar (UC Barkeley), Ebed Wakar (Tel Aviv Universizy), Samzava Nissazke (CITAL
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{UC Bazkalay), Tom Primcs (Caltech), Jarsmy Schosttman (U}, Alicia Sodarbarg (Hazvard'C24),

Mickaol Strauss (Princston), Peter 5. Shawhan (Usivarsity of Maryla=d), David H Skosmakar

{LIEC-MIT), Tonathan Sigvers (CITA, Toremte), Christopher Seabbe (Harvard CEA). Gianpions

Tagliafemi (BYAF-Ousarvatorio Astrezomics di Brema), Pieme Ubenind (DY AF-Roma), and
Prosmyyslaw Woznak (Les Alamos Natiezal Leboraiory)

Sciance Fromtisr Pamals:
PRIMARY: Cosmology amd Furdamenral Physics (OFF)
SECONDARY: Stars and Stellar Eeclusion (55E)
Cralees asross Cosweie Time (GCTH

Projects Programs Emphasized:
1. The Ensrgetic X-ray lmaging Survey Talssoope (EXIETL http: / fexist .gofc .nasa . .gov
2. Tha Syneptic All-Sky [nfrared Imsaging Susvey (SASIR); http: /foasir .org
3. Tha Large Svooptic Survey Talsscops (LSST); http: /flast. crg
4. Tha Lasar Intarfaromater Spaca Anterma (L84 http: //lisa nasa .gow

Bloom et al (2009)
Kanner et al. (2008)

In the ET era, we can
expect GW detections
as a routine occurrence
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THE ELECTROMAGNETIC SPECTRUM
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THE ELECTROMAGNETIC SPECTRUM
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High Energy Photons

Several types of potential source:

- Gamma ray bursts
- Soft gamma repeaters
Ultra-luminous X-ray sources

Micro-quasar flares

Wide range of relevant astrophysical questions
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Science goals of the gravitational wave field

Astronomy and astrophysics

* How abundant are stellar-mass black holes?

What is the central engine that powers GRBs?

Do intermediate mass black holes exist?

Where and when do massive black holes form
and how are they connected to galaxy formation?
What happens when a massive star collapses?
Do spinning neutron stars emit gravitational waves?
What is the distribution of white dwarf and

neutron star binaries in the galaxy?

How massive can a neutron star be?

What makes a pulsar glitch?

What causes intense flashes of X- and gamma-
ray radiation in magnetars?

What is the star formation history of the Universe?

GWADW, Kyoto, May 2010

Credit: T. Strohmayer and D. Berry
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High Energy Photons

Key requirement:

17
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All-sky high energy burst monitoring
satellite operational during the ET era

\

J

Current;

SWIFT INTEGRAL FERMI MAXI (Japan)

GWADW, Kyoto, May 2010
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High Energy Photons

Key requirement:
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All-sky high energy burst monitoring
satellite operational during the ET era

\

J

Planned:

ASTROSAT (India) SVOM (France/China)

GWADW, Kyoto, May 2010
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of Glasgo&g



High Energy Photons

Key requirement:

Drawing board: IXO

r

\§

All-sky high energy burst monitoring
satellite operational during the ET era

\

J

GWADW, Kyoto, May 2010
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From Lumb & Bookbinder, IXO Mission Overview, Paris, April 2010

The International X-Ray Observatory ’_NL\_E_-‘;.& )54:164

— What happens close to a black hole?

- When and how did super-massive
black holes grow?

- How does large scale structure evolve?

- What is the connection between these
processes?

Decadal Survey key points

Hydra A Galaxy Cluster

20m focal length

Mass 5900 kg (incl. system margin)
NASA EELV or ESA Ariane V

L2 orbit

5 year lifetime; 10 year consumables

International X-ray Observatory [ [><X(]]

GWADW, Kyoto, May 2010
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From Lumb & Bookbinder, IXO Mission Overview, Paris, April 2010

Mission History

The well recognized science case for a large-
area X-ray Observatory led to:
Con-X: NASA concept, number two large
mission after JWST in 2000 Decadal survey
XEUS: ESA with JAXA candidate as large
Cosmic Vision mission

Similar science goals, but different
implementations

Merger of XEUS and Con-X in 2008
Formation of Study Coordination Group
(SCG) and advisory groups — co-chairs by
3 agencies: SDT, IWG, TWG

Await prioritization by Astro2010 Committee
& ESA Cosmic Visions L-Class mission down
selection

International X-ray Observatory [ <O ]

] University
o/ of Glasgow
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From Josh Grindlay and the EXIST team, APS Meeting, May 2009

A Hard X-ray, full-sky, deep imaging Survey and IR/X-ray followup
is required for the Black Hole Finder Probe to EXIST

HET at ~zenith scans at orbital rate
& points IRT/XRT/HET to GRBs

within ~100s

HET: CZT detector arrays + mask:
5-600 keV 4.5m? tiled CZT,
coded mask images 90° diam.
FoV, 2’ resol. & <20” positions;
BGO rear shield (0.2-2MeV)

IRT: 1.1m; cooled (-30C)
(dichroic: 0.3-0.9um (HyViSI)
and 0.9-2.3 um (NIRSPEC)

SXI: 0.6m; ltaly/ASI contributes
upgrade of Swift/XRT: Soft X-ra
Imager (0.1-10keV (CCD)) l i

The New EXIST mission:

» 2y full sky survey: +20deg Zenith-pointed scanning, 2sr FoV, full-sky ea. 3h.
* 3y followup IDs: IRT/XRT/HET pointings for IDs, redshifts, spectra & timing

GWADW, Kyoto, May 2010
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From Josh Grindlay and the EXIST team, APS Meeting, May 2009

P1: EXIST GRBs probe stellar universe toz 2 10

T T
0.1 —
0.08 EXIST -
3
=
=
(]
A 0.04 B, i
=
N
N, Swift
AN
AN
\
AN
N
'\
0.01 ! Nl
6 7 8 9
redshift

10

Predicted fractional GRB rates above z vs. z for
EXIST vs. Swift/BAT based on Salvaterra (2009).
EXIST will detect ~600 GRBs/y and thus ~90/y at
Z> 6 and thus ~0.055 x 600 = 33 at z >8 per year!

Swift detects ~100 GRBs/y and now ~450 GRBs. It
Should detect ~0.04 x 450 = 18 at z >6 and has
now detected 3, suggesting most are missed.

GWADW, Kyoto, May 2010

Pa (Mg yr~* Mpe™?)
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EXIST GRBs vs. z will probe the star

v

formation rate (SFR) vs. z at highest
redshifts, and constrain/measure Pop lil.

EXIST will probe:
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High Energy Photons

Several types of potential source:

- Gamma ray bursts
- Soft gamma repeaters
Ultra-luminous X-ray sources

Micro-quasar flares

4% e, '\. 0,
AGL ) -
AN e
P Pt

GWADW, Kyoto, May 2010
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Gamma ray bursts: current paradigm

NS - NS
merger E_L'r' ';'f'
B f—g“ck
® © "
R
S g
0.01 M, / 0.1M,
torus torus
few M,
\ forus
Ta ' »

t

collapsar =
rotating, collapsing
"failed" supernova

NS/BH - He core merger
after common envelope

GWADW, Kyoto, May 2010

Short
(t,s2s)

Long
(t,z2s)
Credit: P. Mészaros
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Gamma ray bursts: current paradigm

NUMBER OF Bl

BATSE 4B Catalog

I [IIIIIII 1 l[ll[lll I III[I]Il

Short-hard GRBs:
Originatingfrom
compact binary mergers (?)

40— —
20— et

0 L1 Dol v v v o el il
0.001 0.01 0.1 I 10. 100. 1000.

Tgo (seconds)

GWADW, Kyoto, May 2010

Observation
long-soft GR
related to
core-collaps
SNe

Following C. Ott
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High Energy Photons

Long Duration GRBs

Progenitor — Wolf-Rayet star > 250,

Rate ~ 0.5 Gpc_?’ yr_l

Credit: J. McKinney

Details of progenitor model uncertain (see Ott 2009):

Collapsar type | (no SN explosion; star blown up by GRB)
MHD Hypernova + Collapsar (explosion before BH)

MHD Hypernova + Millisecond Magnetar (Corsi & Meszaros 2009)

A University
.4 Qf Glasgow

GWADW, Kyoto, May 2010
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High Energy Photons

Long Duration GRBs

Progenitor — Wolf-Rayet star > 250,

Rate ~ 0.5 Gpc_?’ yr_l

Credit: J. McKinney

Details of progenitor model uncertain (see Ott 2009):

Rapidly rotating stellar core; accretion disk centrifugally supported;
Non-axisymmetric instabilities — GWs (so far only estimates)

e.g. van Putten et al (2008) Suspended accretion model

Eqw =~ 0.2M  at500 Hz. Observable to ~1Gpc with ET

A University
— Qf Giasgow

GWADW, Kyoto, May 2010
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High Energy Photons

Sub-class of low-L Long Duration GRBs?

Digtance {Mpc]
84 112 140 169
T T ]

e.g. GRB980425 / SN1998bw, T Ta—
at z=0.0085

E = Low
E ©Spectrally saft 50% of L-GRBs
S0 F ﬂgmauth El'ngla—lp-aclk L-GRA

alated with gol

Chapman et al (2007), Liang et al (2007)  : A ¥ 1H1 J‘J
g_mc? 2_0;10” 4.0;10” 5_{:;:10’ s_o:‘:m‘ 1_u;10‘ 1.2;10‘

Limiting recession valaciy {km El_‘]

Suggestion that local rate up to 1000x
that of the high-L population.

Believed to be associated with particularly energetic core-collapse SN.

Extreme end of a continuum, with the same underlying physical model?...

[ ET should answer this question }

University
o/ of Glasgow
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High Energy Photons

Several types of potential source:

- Gamma ray bursts
. Soft gamma repeaters
Ultra-luminous X-ray sources

Micro-quasar flares

o® Q .’\. o,
LS ) NGO
AN e

P P

GWADW, Kyoto, May 2010
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Soft Gamma-ray Repeaters

SGRs = systems emitting brief bursts of soft y-rays and X-rays at
irregular intervals.

Magnetar model: galactic neutron star with B ~10'° G.
Flares occur when solid NS crust cracks,
due to B-induced deformations.

May excite non-radial oscillations, producing
GWs.

Available energy reservoir: 104 — 104" erg
Credit: M. Weiss (Corsi & Owen 2009)

A University
of Glasgow
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Soft Gamma-ray Repeaters

What is the minimum GW energy, detectable by ET, for an SGR
e.g. at 10kpc, at 0.8kpc (SGR 0501+4516) ?

le+46

le+45

le+43

minimum detectable GW energy (erg)

le+38

le+44

le+42

letdl ¢

le+40 }

le+39 |

d=10.0 kpc
d=0.8 kpc

10 100 1000 10000
frequency (Hz)

M University
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Medium Energy Photons

Here there are two clear opportunities for multi-messenger astronomy:

~ Optically selected core-collapse supernovae

» Cosmological ‘Standard Sirens’

™ University
& of Glasgow
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Optically selected core-collapse SNe

Even 2"d generation detectors only able to detect GWs from galactic SN.
Expected galactic SN rate ~ 0.02 / year.

Nearby core-collapse SNe in the LIGO era 77T T
Andoet al. 2005 b
SN Host Galaxy  Date Type Distance
2008iz0 M 82 20090515 [2] 1T ~ 3.5 [3] 0.8~ 3
2008bk  NGC 7793 20080325[4] II-P ~39][5 e 5
2005af  NGC 4945 20050208 [6] II-P  ~3.6[5 g o
2004dj NGC 2403 20040731 [7] 1I-P ~ 3.3 [5] —,? 3 v
2004am M 82 20040305 [8] II-P ~35[3] 5 0.6 =7
2002kg  NGC 2403 20021026 [9] IIn ~3.3[5] 2 3 &;
Q
! Radio supernova, not observed in the optical. v Ol
Explosion in late January 2008. 2041 2o
: e O v 2
Credit: C. Ott 29 23
= = ag
02+ = v 82
v P “
e “Continuum
: — - Limit
0 === | 1 | 1 | I
0 2 4 6 8 10

Distance D [Mpc]
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Optically selected core-collapse SNe

Even 2"d generation detectors only able to detect GWs from galactic SN.
Expected galactic SN rate ~ 0.02 / year.

Characteristic strain spectra at 5SMpc (from Ott 2009)

10-%° —r—rrrr P, G R . I B L | 1t o —TT T T S R i T
= Initial LIGO — s20.nr & = Initial LIGO
—— Enhanced LIGO 207 N —— Enhanced LIGO — s20A2B4
— Advanced LIGO 10 20 — Advanced LIGO - E20A
~ 103 — ET _ — ET
& : & Rotating Collapse / MH
-~ i =102
E107E 3
: : / = 10 :
= Convectlon/SASI/ =
10 sil
Neutrlno Mechavrf/rn// 10 %
24 M 24 B
= 10
i 00 1000
f(Hz) f (Hz)
10 Y T — T
= = Initial LIGO — 15,0
—— Enhanced LIGO — 520.0
20 — Advanced LIGO
10 -
é. Acoustic Mechanism
-]
=
g
y
5
-—

f () o[ University
GWADW, Kyoto, May 2010 @r Glasgow
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Optically selected core-collapse SNe

0.0001

1e-06

1e-08

le-12

(00

:i i llllll‘t L i IJIlli

0.001 0.01 0.1 1 10
Milky Way M31

Distance (Mpc)

GW energy (solar mass c‘?}

ET virtually guaranteed to see at least 0.5 CCSNe / year, with some
power to discriminate between models.

A University
Qf Glasgow
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Searching for Un-novae

Un-nova = core collapse event that doesn’t lead to explosion

100 g T T
Kochanek et al. (2008): sonn E
Use e.g. LSST to monitor e 1
~108 luminous supergiants, s IR

. ® ek M e—4 superglants|_ 2
looking for stars that 5 R Ik
S 3 2|2 E
disappear in E-M. ok B8 cosx growraoo |8
g/;Carma,s? ccSN {1970—-2007)
10-t 3 -
Survey depth ~10 Mpc N S BT
168 18 20 22 24 26

survey depth (mag)

™ University
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Flat 3.5 deg. FOV
0.64m dia. @ /1.2

[\ JYL30.70m ]
X Filter 0.76m

109m
e e e L] 162m
; P S 5 I’

175 deg 1.0 deg Odeg

M University
& of Glasgow
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Searching for Un-novae

Un-nova = core collapse event that doesn’t lead to explosion

100 g T T
Kochanek et al. (2008): o E
Use e.g. LSST to monitor we | [T
~108 luminous supergiants, S ey o]
: ® ek M e—4 superglants|_ 2
looking for stars that 5 AN EE
. . - 3 g % g—
disappear in E-M. Wk 54 cosn 1oar-200m &
%/;cmna,s? ccSN (1970-2007)
10-t 3 -
Survey depth ~10 Mpc N RO DR
168 18 20 22 24 26

survey depth (mag)

ET should “see” GW signature ]

[ Also strong neutrino signature ]

™ University
 of Glasgow

GWADW, Kyoto, May 2010
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Neutrinos

Many targets of ET will also be strong neutrino emitters.
Core collapse SNe: ~0.1s pulse of low-energy V’s, up to ~10° erg.

E, < 10MeV  ‘Low’ energies — vessel filled with water, or
liquid scintillator.

Current: e.g. Super-Kamiokande
50 kTon of pure water

LVD, SNO+
1 kTon of liquid scintillator

Future: ASPERA roadmap includes
Megaton detector.

Plans for multi-megaton (e.g. Deep-TITAND)

™ University
& of Glasgow

GWADW, Kyoto, May 2010
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Neutrinos

Many targets of ET will also be strong neutrino emitters.

E,, = 100 GeV. ‘High’ energies — need much larger volume.

Sources: GRBs, SGRs etc ( high energy Y = high energy v )

Current: e.g. lceCube
kms3-scale, at South Pole at a depth of 2500 - 5000 m

ANTARES
0.01 km3-scale, at 2.5km depth

Future: ASPERA roadmap includes
KM3NeT.

11 Universit
Y, of Glasgo&g

GWADW, Kyoto, May 2010 .
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Searching for Un-novae

Un-nova = core collapse event that doesn’t lead to explosion

100 g T T
Kochanek et al. (2008): o E
Use e.g. LSST to monitor we | T
~108 luminous supergiants, S ey o]

: ® ek M e—4 superglants|_ 2
looking for stars that 5 AN EE
. . - 3 g % g—
disappear in E-M. ok 518 cosx rovraoon |5 -
%/;Carma,s? ccSN (1970-2007) | -
10-t 3 E
Survey depth ~10 Mpc N RO DR
168 18 20 22 24 26

survey depth (mag)

ET should “see” GW signature ]

Discovery of un-novae = constraints on SF history; implications for
binary inspiral masses and event rates. (c.f. Belcynkski et al 2010)
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Medium Energy Photons

‘Standard Sirens’: potential high-precision distance indicators.

0.4 1
_ 04 {1 %99 -
- o’ goz2 | BTos
25F o3 = 0.0 | & [ © {
Low—z model ’ e i
g <eeee-- High—z model 1 % 2UODL1EEPCJSGO sio G "'4_:25 — % zooDL‘itRch}sou 800
& 26; _ 0.03- 0.2 1
jg "zmi 002 [ _015 | =
El F 4 [ a 2 ke | Z o
g 27F ¢ z = 01 ! % i |i:|I g% i
E 0.05 " -
= 1k
ol B (14141 l Qe resnfanninssnsfan
- Joos ’ = 25 1 0 200, 400 600 800
28; 9 gx10 0.06 — 1
. o | =0.04 -
0 4 6 8 10 g df 2 f | Fos
- - t (days) - 2 ol | To.02 I - aifll =
First optical observation of a NS- L A . ‘ L ‘” :
NS merger? 0 EOODL‘R% ;)80 800 n 95 1 0 zooot‘t‘%c]aou 800
GRB 080503 (Perley et al 2008 i
(Perley ) Nissanke et al (2009)

Major challenge: redshift from E-M counterpart
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Medium Energy Photons

]
]
T

Sathyaprakash et al. (2009):

[a—
W
T T T
|

~10% NS-NS mergers observed by
ET. Assume that E-M counterparts
observed for ~1000 sources, 0 <z < 2.

Luminosity Distance (D, in Gpc)
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Medium Energy Photons

45

Berger et al. (2007) present
optical observations of 9

short-hard GRBs. Obtained
spectrosopic redshifts for 4.

8/9 host galaxies, with
R-band mag. 23 — 26.5

Also, no HST optical
host galaxy for GRB080503
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516 days™ .
» *
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Medium Energy Photons

By the ET era there should
be Extremely Large optical
Telescopes operating on
the ground.

See e.g. the 42m EELT

http://www.eso.org/sci/facilities/eelt/

EELT will be capable of
obtaining high quality spectra
at z ~ 6.

http://www.eso.org/public/teles-instr/e-elt/index.html

— Follow-up spectroscopic observations should be straightforward

A University
of Glasgow
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Medium Energy Photons

BUT Still strong case for a wide-spectrum high-energy monitoring
satellite.

e.g. 5 of the 9 SGBs in Berger et al (2007) had only X-ray
positions, but these were measured to ~6 arcseconds.

GW triggers from ET network would locate source to ~10 sq. deg.

With only optical afterglows, that
leaves ~107 galaxies!

A University
of Glasgow
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Medium Energy Photons

BUT Still strong case for a wide-spectrum high-energy monitoring
satellite.

e.g. 5 of the 9 SGBs in Berger et al (2007) had only X-ray
positions, but these were measured to ~6 arcseconds.

GW triggers from ET network would locate source to ~10 sq. deg.

With only optical afterglows, that
leaves ~107 galaxies!

CHALLENGE  Use 2" generation NS-NS
merger detections to better understand
optical (and radio) signatures.

- cON

e — = —
SU IA £k )“ QG“ o é[a UIlllvelslty

. x\*;; _P.__\:_,“‘._;-\

GWADW, Kyoto, May 2010 of Glasgow



49

Medium Energy Photons

BUT Still strong case for a wide-spectrum high-energy monitoring
satellite.

e.g. 5 of the 9 SGBs in Berger et al (2007) had only X-ray
positions, but these were measured to ~6 arcseconds.

GW triggers from ET network would locate source to ~10 sq. deg.

With only optical afterglows, that
leaves ~107 galaxies!

CHALLENGE  Use 2" generation NS-NS
merger detections to better understand
optical (and radio) signatures.

Could this open up entire NS-NS merger population detected by ET?
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Low Energy Photons

e.g. Hansen & Lyutikov (2001)

Discuss prospects for detecting radio pre-cursor of short-hard GRBs,
due to magnetospheric interactions of a NS-NS binary.

(" )
2

o e T D T p2/3 —5/2
At 400 MHz Foom 2. 1mly 01 ('lDDMpc) Bi:" a-

. J

Already detectable by largest radio telescopes, outto few x 100 Mpc.

Observable with SKA to cosmological distances.

N University
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Conclusions

Many and varied MMA science opportunities with ET:

Long GRBs to ~1Gpc; constraints on low-L population
SGRs: efficiency constraints in magnetar model

Coincident GWs and neutrinos from GRBs and core-collapse
SNe, improving understanding of physical mechanisms

E-M counterparts of SHB ‘standard sirens’ (possibly extending to
full NS-NS merger population?)

All argues for strong collaboration and synchronicity with other
messengers — particularly all-sky high-energy burst monitor

N University
o/ of Glasgow

GWADW, Kyoto, May 2010




52

Opening a new window on the Universe

ek UL TR iy WiSIBLE IHFRARED A&

TYPICAL SIZE  sROTON MACTE RAiA T RaGRAL
-

WAVELENGTH

FREQUENCY

Gamma-Ray (N. Gehrels et.al. GSFC,
EGRET, NASA)

X-Ray 2-10keV (HEAO-1, NASA)

Gamma-Ray >100MeV (CGRO, NASA)

X-Ray 0.25, 0.75, 1.5 keV (S. Digel et.  Ultraviolet (J. Bonnell et.al.(GSFC),

al. GSFC, ROSAT, NASA) NASA) Misldle:Uocel Melinger)

Radio 1420MHz (J. Dickey et.al. UMn. Radio 408MHz (C. Haslam et al., MPIfR,

Infrared (DIRBE Team, COBE, NASA) NRAO SkyView) SkyView)
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Opening a new window on the Universe

GAMAL BATS RS W WISIBLE INFRARLD
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WAVELEHGTH ik

FREQUENCY

Gravitational Waves

7077

Radio 1420MHz (J. Dickey et.al. UMn. Radio 408MHz (C. Haslam et al., MPIfR,

Infrared (DIRBE Team, COBE, NASA) NRAO SkyView) SkyView)
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