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Detection and reconstruction of
gravitational waves with
networks of detectors
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General Relativity (112)))VIRED

Einstein theorized that smaller
masses travel toward larger masses
because the smaller objects travel
through space that is warped by the

larger object

® Imagine space as a
stretched rubber surface.

® A mass on the surface will
= cause a deformation.

® Another mass dropped
onto the surface will roll
toward that mass.
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GR experimental tests ((12)))VIRED

Bending of light Mercury’s orbit
First observed during the solar  perihelion shifts forward
eclipse of 1919 by Sir Arthur an extra 43”/century
Eddington, when the Sun was compared to
silhouetted against the Hyades Newton’s theory

star cluster
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gravitational waves l@Niles

* time dependent gravitational
flelds come from the acceleration
of masses and propagate away
from their sources as a space-
time warpage at the speed of ligh

®In the weak-field limit, linear
equation in “transverse-traceless §
gauge”

, gravitational radiation
2R — 0°h :1677&T binary inspiral of compact objects

c’ot? c*

whereh , is a small perturbation of the space-time metric

g,uv :,7,uv + h,uv
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Gravitational Waves

:theevidence (1 @2)))VIRE

PSR 1913 + 16 Neutron Binary System

Separated by 10miles,
My = 1.4me; M2 = 1.36my;

The Pulsar Lighthouse Effect

I

radio signals 4
bo Earth =, g

S W W grasdty waves
Prediction from general relativity

e spiral in by 3 mm/orbit

* merge in 300 million years

Emission of gravitational waves
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time of periastron relative to that
expected if the orbital separation
remained constant.
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LSC GW strength 2JINIRGED

*Quadrupole radiation =~ CN Q
»monopole forbidden by conservation of E - ct oy
>dipole forbidden by mom. conservation

®For highly non-spherical source, like binary ‘\éki 5
system with mass M and separation L Q = ML
solar mass neutron stars at L=20km located at

> Solar system (lau) h~20
> Milky Way (10kpc) h~168
»Virgo cluster (15Mpc) h~1G1
»“Deep space” (200Mpc) h~1&
»Hubble distance (3000Mpc) h~1&°

1pc=3x101m 1at x 102 = 10-10 m
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M2JIVIRGO

LIGO fused
silica mirror
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LSC Detectors 2))VIRGED

Bars Interferometers
narrowband (~1Hz) wideband (~10000 Hz)
recent improvements (~10Hz) LIGO, VIRGO, GEO, TAMA, AIGO, ...

ALLEGRO, AURIGA,
EXPLORER, NAUTILUS,
NIOBE, ...

UF graduate student Kate Dooley

J.Weber working on the bar inspecting a LIGO optic.
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How LIGO works 2J)VIRGD

free masses
suspended test masses
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measure differential arm leng AL ~ 1017 m
AL = ALx — ALy

h~ AL/L
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LSC

- Detectors M2J)IVIRGD
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LSC Angular sensitivity 1))VIRED

Detector response to two GW polarizations

E=F,(8,¢.¢)h, +F (6,¢.9)n,

0,— source coordinates in the detector frame, ) — polarization angle
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Binary Neutron Stars (BNS) rang@))) VIRGD
1 pc = 30.8x10'2 km = 3.26 light years

BNS range: distance to a 1.4-1.4 M binary detected at
Signal-to-Noise Ratio (SNR) of 8 averaged over sky an d
polarization angle
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LSC Network of GW interferometens)))\VIRGD

® Increase sky coverage

® increase detection
confidence

® reconstruction of GW
sources, including
waveforms and sky
coordinates—>
GW astronomy

Virgo detector, V1 F+2 + Ff LLO detector, L1
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LSC LSC and Virgo M2JINIRGD

® more than 670 scientists with wide diversity of
backgrounds
LIGO ) D PERFECT! AT MY

an LAST 308 X p,p

A LOT OF -
> 2l) OFF INTO-
=M - SPACE.

obser'va‘ror'y

- AsTRoNomERs [ )\
WANTED = ==

. wod ISBUIBPUBYUEL] MMM
"3u] ‘v3N Aq 8iq / s8ARY L £0020 "
WO OB GSHARY | qOg:eW-]

#
i
Y&

® during the S5 the Virgo detector joined the run and
the LIGO-Virgo collaboration was formed
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(M2JIVIRGO

@ 1& focus of

this talk
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Compact Binary Coalescence (12)))VIRGO

NS-NS, NS-BH, BH-BH binary systems Chirp waveform

!h“"1|"|’|'*Ir|"rl"lrl'*ﬂ'*'|“|1|~n“|!|~'rlﬂﬂd1al1'a1|1|Win||l'Jr||n||‘|nirullm!lrlw|‘nM ¢

e Standard candle for LIGO
> large expected signal
> rich physics at high field regime
> well understood theoretically

e Template searches

> correlate pre-calculated signal templates with data -
need exact source model
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Binary Black Holes (BH-BH) (12J)VIRGD
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LSC Low Mass CBC sources (/2)))VIRGD

eFirst year of S5 run: [ Preprint arXiv:0901.0302v3 |

e Measured rate limits:

BH-BH

T- observation
time

NS(1.35Mo)- NS(1.35M0):3.8[102 y L7}
NS(1.35Mo0)-BH

Total Mass (M)

e Cumulative luminosity C

.~ 10000 L,

1 16 20 5 30
Black Hole Mas (M)

L, =10 L,
(1 Milky Way =1.7 L, )

e Expected rates NS-NS:(5010° -500%) y Ly

BH - NS:(2010° -6110°) y L,

UNIVERSITY o
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Inspiral Mergers M2JINVIRGD

S e LU Zeni 200705140 85: Rinary Inspirn] Bange (1471 4 Mzun) = 78 Mpc
LA A= 2007 04 183 55 Rimary r||5_|~|,','||It,'||||'.\--'_ A4 Meun) = 16,3 Mpc
L1k A 2006, 06 04 ) 55 Blawry Inspirsl Range (147 4 Menj = 15,1 Mpc

Compact binary mergers e

Inspiral

Merger

|
¥ | B L R

f T - ||:-3i|" ” L !
\\._/Ir U \U I | time 1o M<20M 100 i 1000 Looot

~——known—supercomputer—known—» f ~ 2M,q
~1000 cycles | ? J merger ~ 205Hz M

~1 min

e high mass CBC (>25Mo) are better detected via their
merger and ring-down waves

e merger waveforms can be calculated numerically, but
» computationally expensive
> no numerical waveforms for NS-NS and NS-BH

|UNIVERSITY Of
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LSC Covering CBC parameter space M2JIVIRGD

® Detection of CBC sources in a wide range of source parameters
requires construction of large template banks

Mpc template search : Mpc _ un-modeled burst search
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2 - 100 - UF grad. student
o ‘na,_______ g Chris Pankow: S5 BH-BH
10 30 50 70 90 Mo 30 50 70 90 Mo

BH-BH horizon distance as a function of total mass
for optimally oriented sources detected at SNR of 8

® Develop complementary burst search for more robust dete ction
of CBC sources that may be missed by template searche s due to
incomplete template banks: particularly massive BH-BH, BH-NS
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LSC Supernova 2JINIRGD

e GW from supernova

» Several Core-Collapse SN Mechanisms
» Direct “live” information from the supernova engine.
» Directly linked to the ubiquitous multi-D dynamics in the post-

shock region

Axisymmetric core collapse

~4000 km
~1.5 M,

protoneutron star b [ inner core:
Va N\

\ 1~20-30 km
—]
~0.6 M

______

bounce shock {+—

hy R (cm)

100 F
50 F
Of
50 F
-100 f
-150 F _
200 0 v b
20 -15 -10 -5 0 5 10 15 20
t - thounce (MS)

E., =10°-10°M_c?
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LSC

G-modes M2JINVIRGD

Burrows et al. 2006, 2007, Ott et al. 2006
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Supernova rate MUIVIRED

1 I I 1 | I | I Tr
| Karachentsev et al. 2004; /
Cappellaro et al. 1999 I
0.8 2 = SN Rate
5 5 :
- = &) / 1
T 8 f i Galaxy .
5 0.6 27 e 1/50 yr - Milky Way
A o= (~10kpc)
\Y 22|
Z 04 S
o SSY 2 b _
- 29 JE-E- 3/yr - out to Virgo
= = v oog\ ?\1\ 3
021 = y 97 82 cluster (16Mpc)
v P )
i _~-"Continuum = ]
] e Limit
0 g | B | ] | 1 | ]
0 2 4 6 8 10
Distance D [Mpc]
SN Host Galaxy Date Type Distance

2008bk NGC 7793 20080325 [132] II-P  ~ 3.9 [133]
2005af NGC 4945 20050208 [134] 1I-P ~ 3.6 [133]
2004dj NGC 2403 20040731 [135] 1I-P  ~ 3.3 [133]
2004am M 82 20040305 [136] I1I-P  ~ 3.5 [137]
2002kg NGC 2403 20021026 [138] IIn ~ 3.3 [133]
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S5/VSR1 All-Sky Burst Search (12J)VIRGD

® model independent, arXiv:1002.1036

however sensitive to a Combined upper limits for the entire S5/VSR1
wide class of sources: 10 = R
binary mergers, SN, SGR,.. AR ST
= ¥

® frequency band 642000 3 ' H1 G\ gy | T
Hz (64-6000 Hz for S5); J U T, G s s s L
no GW bursts signals T sy 105342
seen in S1/S2/S3/S4 £ FALL s s S P
® use ad-hoc waveforms 10 NN, SVSR!
(Sine-Gaussian, Gaussian, o= 1021 1020 1 0}9' 1015 101? 10]15 ‘
etc.) to determine h.. [strain\ Hz]

detection sensitivity

Firss = \/ ] (hs (8)]2 + | (D)]2) dt

including cWB used for
J Local experts: G.Vedovato, M.Drago,

revious S2,S3,54
previou G.Prodi,V.Re, F.Salemi (now AEI

searches UNWE.?SITY of
UF FLORIDA

® Several algorithms,



Comparison with previous measurements {{@}/}\/l RGD

_ PRD 80 102001 (2009)
e LIGO 2009: first year of S5 run (64-6000 HZ) PRD 80 102002 (2009)

3.6 events/year below 2kHz and 5.4 events/year above 2kHz
at 90% and best sensitivity of 6x1022 Hz 12

e |GEC 2007: (=50 Hz around 900 Hz) PRD 76, 102001 (2007)
8.4 events/year at 95% CL and sensitivity of ~10-20 Hz1/2

e LIGO 2007: S4 run (64-1600Hz) CQG 24 (2007)
55 events/year at 90% and best sensitivity of 1.5x10-21 Hz1/2

e IGEC 2003: (few Hz around 900 Hz) PRD 68, 022001 (2003)
1.5 events/year at 95% CL, and sensitivity of ~10-1° Hz1/2

e LIGO-Virgo 2010: (50-6000kHz) entire S5/VSR1 run
2 events/year below 2kHz and 2.2 events/year above 2kHz

at 90% and best sensitivity of 5.6x1022 Hz 1/
the most sensitive un-triggered burst search performed so far

|UNIVERSITY Of
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LSC

Astrophysical sensitivity (M2JJVIRGD

e To estimate the astrophysical sensitivity we calculate the
amount of mass (Mg,,), converted into isotropic GW burst
energy at a given distance r, that would be sufficient to be
detected by the search with 50% efficiency.

MGW :érzf

2h2
e For 153 Hz, Q = 9 sine-Gaussians, h, = 6x1072?2 Hz /2,

e Assuming isotropic emission at a distance of 10 kpc, this
corresponds to Mg, = 1.8 X108 M (10" M for S4) where M
IS the solar mass.

e For a source in the Virgo galaxy cluster, approximately
16Mpc away, the same hrss50% would be produced by a
mass conversion of roughly 0.046M (0.25 in S4).

|UNIVERSITY Of
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LSC Mass equivalent sensitivity 2JINIRGED

e strain sensitivity can be converted to energy sensitivity
assuming isotropic GW emission
r°c’
~ 2 2
EGW = 4G (277fo )hrss

supernova:

102 _____ _______________ __________ ______ _____ . eXpeCted yleld
15 g g M 109 — 10-°Mo

107" _____ . ___________ .. ______ __________ ______ _____ Ott, at aI.

OB E i need advanced
S LOKDG sy
100 o LUKPE g e detectors to
107 O g S
10 - see beyond
Frequency [Hz] our Galaxy

Detectable Eg,, [ M, ]
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LSC SuPernova M2J)VIRGD

GW signals from a core collapse supernova are expec tedto
be produced at a much higher frequency (up to a few kHZz)
and also with a relatively small GW energy output

(107°-10"° Mc?).

The axi-symmetric core collapse signals D1 and D4 h  ave
most of the signal energy in the 2—-6 kHz frequency band
and Mg,, < 1078 M - consistent with the estimated detection

range ot etlal,l 2006

1018 — 25WWO5
— $25.0WHWO02
$20.0WHWO02
— 515.0WHWO02

s11.2WHWO02

For the acoustic supernova
model s25WW as much as 109
8x107> M may be converted to
gravitational waves with
frequency around 940 Hz -
detection range 35 kpc

hep.r at 10 kpe
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LSC results: rate density ULs M2JINIRGO

e Given an isotropic distribution of sources with
amplitude ho at a distance ro the rate density limit IS

~ 23
Roo = - »
ArT(hr.) jo £(h)h™dh

e The result can be interpreted as a rate density lim it for
a source with isotropic GW emission of E.n =M 002

v, = (et ) [

|UNIVERSITY Of
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results: rate density ULs

M2JIVIRGO

10

-
=]
4

-
Q
]

90% Confidence Rate (1 erarfMpcs)
o o

107°

Rate density limit is rescaled as
For a source emitting

da
T

-t
c:'|
. ]

assuming E,, =M’

where M, is solar mass .
10° 10°

Frequency (Hz)

E., = 00IM ¢’
R,, =6010"*yr*Mpc™

S.Klimenko, February 23, 2010, INFN Legrano Labaglium, LIGO-G1000121-v1

Ry(f M) = Rgc,(f,Mo)[%]
at 150 Hz
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Gamma-ray bursts (112))JVIRGD

Nakar, PhySiCS Reports ﬂ' .Gamma-Ray Bursts (GRBs): The Long and Short of It

442 (2007) 166-236

Long gamma-ray burst Short gamma-ray burst
(>2 seconds’ duration) (<2 seconds’ duration)

i A red-giant -
star collapses A -
_;..4__ onto its core.... Starct in\"-..
. > =
T a compact B
binary system
begin to spiral
inward....
S -
..becoming so
A dense that it

\ | “expels its outer
-..._\. \'\
—>
e}

/- JAyersina
/ /-’ sUpernova ...eventually
_,_//E-':_Elosmn. colliding. .\
:."--.____‘_-_ i

ES

® long and short GRBs S hasat s center

black hole.

The resulting torus

o
.

» Collaps of massive stars
» NS/NS or NS/BH mergers
» Soft Gamma Repeaters

(Chapman et al., 2008)

Gamma rays
*Possibly neutron stars.

Based on Eric Chassande-Mottin’s ILLIAS slid(fe.
Ul [FLORIDA



GRB 070201 — short (<1sec)  (172)))VIRGD

- *Detegied by KghusAVind, INTEGRAL-, Swift, MESSENGER
B | W " R.A. = 11.089 deg,

Dec =42.308 deg

“ f - Dz~ 770 kpc

Possible progenitors for
short GRBs:

» NS/NS or NS/BH

mergers - emit strong
gravitational waves

» Soft Gamma Repeater
(SGR) - may emit GW
but weaker

- . - ....'l_;‘,‘ - :
' 'qule"y et al. 2007, Pal’Shin 2007
refined error box, = 1.1°

frpm the center of M31

D00121-v1




GRB070201 triggered search 12)VIRGD

No gravitational waves detected

@ Inspiral search:

@ excludes binary
progenitor at >99%
confidence level

@ Exclusion of merger
at larger distances:
see plot

O [ |
1 4 7 10 13 16 19 22 25 28 31 34 37
mao(Mg)

@ Burst search:

@ Cannot exclude a Soft Gamma Repeater (SGR)
at M31 distance

@ Upper limit: E,,<8x10°° ergs (<4x10™“ M _c?)

UNIVERSITY of
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LSC OCdICIIEDS I0I \gVVS5 ASS50CIATEU WILLIL UIECET

GRBs M2JIVIRGD

137 GRBs

e Inspiral search

» Sub-sample of 22
short GRBs

» [-5,+1] second time

window around time of
GRB

» Matched filtering
followed by
comncidence test based
on time and inmass
narameters

» “l.oudest event”

e Burst search
> All 137 GRBs

» [-120,+60] second time
window around time of
GRB

» Coherent multi-detector
burst search with 2, 3, or
4 detectors

» “Loudest event” analysis

[UNIVERSITY of

S.Klimenko, F‘ﬁﬁﬁ!\?é@lo INFN Legrano Labamgllium, LIGO-G1000121-v1 UF FLORIDA



Lower LImIts on bistance to Each SbHb/VSR1
Chb IRIINIRED

e For hypothetical GW

1114 T i u 50 <t : -
83:]}:3 , | B NS NS —lb«ul’[&{& distance, estimated f
5 R R T TR TR PRP PR TS | . . :
051211 : ] BN NS-BH || 451 polarized sine-Gaussians, Q = 82" f, = 150 Hz>
060121 [ -+ T £ < S AT T ~\ - 40 e = |
- L (ShOFtRBS)_ Ecw =001 Mo
060313 : : :
0604278 T EEEPTEEEE 1 %
060429 - R EEEREEEEEE 1 2.0 Model- |
061006 ' T 1 &%
061201 ' oA { % dependent
061217 ' A 1 &
070201 I T T 1 E2
070209 s S 1 & |
0704298 ' L - 15
070512 . e - ”
070707 | - - - - . _
070714 e . _ 5 |
0707148 |y -~ - - T _
070724 . T i % 5 10 15 20 25 30 35
070729 Tt 1 distance (Mpc)
070809 e g -
0708108 Rty - e -
070923 - - EERREREIEEE . .
0 5 10 15 20

distance (Mpc)
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The stochastic GW backgroundf@)J VIR

e An isotropic Stochastic GWE=
background could come ’
from:

» Primordial universe
(inflation)

> Incoherent sum of point
emitters isotropically
distributed over the sky

* uw(f) = L decw(f) o
digw T

[Qow () d(n )= ";W =0,

c

10-43 Seconds

Big Bang plus |

What Powered the Big Bang?

Gravitational Waves can Escape from
Earliest Moments of the Big Bang

Inflation
(Big Bang plus 10-% seconds?)

Cosmic microwave background,
distorted by seeds of structure
= and gravitational waves

Big Bang plus
400,000 Years

Big Bang plus
15 Billion Years

Credit: Caltech Space Radiation Laboratory

Qg ey < 1.1 X 10°

e Big Bang Nucleosynthesis

S.KliménRit: February 23, 2010, INFN Legrano Labagllium, LIGO-G1000121-v1
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(M2JIVIRGO

Abbott, et al. “An upper limit on the stochastic gravitational-wave
background of cosmological origin”, Nature., V460: 990 (2009).
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time-frequency analysis  [12)/VIRGO

Ecological calls of
the Miniopterus australis the Macroderma gigas
100 T T T T T T T T T T T — T
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~  time >

e Identify GW “ecological calls” as a patterns on the TF plane

e Characterize by strength, duration, frequency band,...
e Particularly useful if signal is buried in the broad-band noise

|UNIVERSITY Of
S.Klimenko, February 23, 2010, INFN Legrano Labagllium, LIGO-G1000121-v1 UF FLORIDA



LSC Wavelet transformations (1)) VIRGD

e basis fHt)}

> bank of template waveforms LIij — ZJ /2 LIJO (ZJ {— k)

> Y, -mother wavelet

g local
not rthogonal
local ot smooth
i 0_;f‘Mexic:an Marr
local’ 2 o.eé hat B local
smooth, o« orthogonal
not .« smooth
orthogonal ., N:

| L | L | L | L | L |
0 0.2 0.4 0.6 0.3 1 1.9 1.95 2 2.05 2.1 . 2.15
time, s time, s

wavelet - natural basis for bursts, low spectral leakage

used to produce TF data with good localization of transients | ,
S.Klimenko, February 23, 2010, INFN Legrano Labagllium, LIGO-G1000121-v1 UT 'FLORIDA




Wavelet scalograms M2JINVIRGD

decomposition of discrete time series x|t]
with samplmg rate R and n samples in basis { ¥(%)/

DWT

a. wavelet dyadlc tree

f =R/2
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Observations with multiple detectd#&/)/VIRGO
noise+sg250Hz (1=0.02sec, 6=20, ¢=150)

N 500
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S.Klimenko, February 23, 2010, INFN Legrano Labegllium, LIGO-G1000121-v1 Ur IFLORIDA



LSC Likelihood Analysis (2J)IVIRGD

e Likelihood ratio A = P(X[h) (global fit to the data)
P ( X | O) Flanagan, Hughes, PRD 57 4577 (1998)
i Klimenko et al, PRD 72, 122002 (2005)
e Matched filter for bursts Klimenko et al, CQG 25, 114029, (2008)

» Noise model:.usually multivariate Gaussian noise

P(X |0) O exp[ - XZ X ] >-noise covariance matrix

» signal model (detector response)
&l =h[i]F, +hJi]F., h,, h —freeparameters

p(X |h) O expl~(X = &)= (X - ¢&)']

» find best solution for h,,h, at maximum of A
» variation of A over h ,h, —large number of free parameters

e Need at least 2 detectors, but preferably 3 or more

|UNIVERSITY Of
S.Klimenko, February 23, 2010, INFN Legrano Labagllium, LIGO-G1000121-v1 UF FLORIDA



LSC Search Algorithms: cWB  (/2))VIRGD

e Coherent WaveBurst: coherent network algorithm base d
on constrained likelihood analysis. (64-6000Hz)

e Detection statistics
» Network correlation coefficient cc - rejection of gli tches
» network correlated amplitude n — event ranking statistic

black - background CQG 25, 114029 (2008)
. gray —injections O
"1 L1H1H2V1
ol £ 10 ________________ _______ 12—601(HZ _____
2 EeE 3 I i dots-Olag
10: ........ 6 2 SOIId—bkgd
s S | 4 gray— 1s eror
- m— T S BE o N
832 03 04 05 06 07 08 09 c:(:1_" 24 6810

ll f
S.Klimenko, February 23, 2010, INFN Legrano Lab @guium, LIGO-G100U121-v1 VI FLUKIDA



Reconstruction of signal waveformi§2/)) VIRGED

sg1304HzQ9 injection
black red F - !
band-limited reconstructed -
time series response *‘

magnitude

e If GW signal is detected, :
two polarizations and 2 H
detector responses Can be % o.;? 0.075 0©0.08 0.085 0.09 0.095 0.1 0.105 o.11timo_e1’1s_-

reconstructed and
confronted with source
models for extraction of the
source parameters

H2 hrss=1.3e-21

=N 1 1 1 1
0.07 [ 075 0_08 0. 085 0_09 0.095 0.1 0.105 0.11

(:\)PIJLQ.L

magnitude ﬁ
h N

o o
A 0o b oa

WMMMMHLﬂﬂmnhﬂnflhwﬂﬁnﬂﬂa |
A

e network analysis experts: Clhrss=1 7e.91
G.Vedovato & M.Drago 2-%.0+ 0075 008 0085 0.06 0085 6.1 0105 6.7 0115

N @

N
]

time, s

UNIVERSITY Of
S.Klimenko, February 23, 2010, INFN Legrano Labagllium, LIGO-G1000121-v1 UF FLORIDA



Coordinate Reconstruction  M2JJVIRGD

 Likelihood Sky Map shows how
consistent are reconstructed
waveforms and time delays as
function of 8,¢. Max likelihood
point to source location.

Error Region

e Source location is characterized
by a spot in the sky (Error
Region) rather than by a ( 6,¢)
direction

» X% error region - a sky area which
covers with x% probability)

e Error Regions should be
reported for optical/radio
followup

» may consist of disjoint sky areas
S.Klimenko, February 23, 2010, INFN Legrano Lab@ 130 100




LSC Coherent WaveBurst M2JIVIRGO

e baseline algorithm used by LIGO for S2, S3, S4 an85 all-sky
burst searches

» uses wavelets

»constructs coherent statistics for confident detemn
» rejects instrumental and environmental artifacts

» reconstructs of waveforms and source coordinates
» performs search over ~165000 sky locations

» performs analysis for ~1000 time shifts for backgrond
estimation

e application of constraints allows test of source nuaels and
extraction of source parameters.

e Developed at UF, upgraded and improved by UF, Paday Trento
& AEI

UNIVERSITY of
S.Klimenko, February 23, 2010, INFN Legrano Labagllium, LIGO-G1000121-v1 UF FLORIDA



(M2JIVIRGO

Andromeda
700 c
O Phrllp Perkms 1399 ( kp )
SITY of
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New Window on Universe M2JIVIRGD

GRAVITATIONAL WAVES
PROVIDE A NEW AND UNIQUE
VIEW OF THE DYNAMICS OF
THE UNIVERSE.

Infrared- 4

coincident observations

'__. e externally triggered
»gamma ray bursts
»neutrinos

® GW triggered
»EM transients
»reconstruction of source
coordinates

S.Klimenko, February 23, 2010, INFN Legran IDA



LSC Multimessenger Astronomy M2JINIRGD

® observation and measurement of the
same astrophysical event

» better confidence of GW event
» extract physics of source engine

® Externally triggered strategy

» fold in measured time of arrival
and source location into GW
searches

® Look-Up strategy

» search for EM counterpart with
optical and radio telescopes

» need development of prompt
pointing capabillities for GW
detectors

) UNIVERSITY Of
S.Klimenko, February 23, 2010, INFN Legrano Labagllium, LIGO-G1000121-v1 UF’FLORIDA



LSC GW triggered searches 2)))VIRGD

*Need accurate coordinate reconstruction

»dependence on antenna patterns & detector noise
»dependence on GW waveforms and polarization state
»reconstruction bias due to algorithmic assumptions
»effect of calibration errors

»high computational cost

®....there are many ways to get it wrong
»need “smart” algorithms
»eventually need more detectors

® LIGO, VIRGO (operational)
GEO600 (limited sensitivity, HEF?)
LCGT, AIGO (future detectors)

UNIVERSITY of

S.Klimenko, February 23, 2010, INFN Legrano Labagllium, LIGO-G1000121-v1 UF‘FLORIDA



LSC The Future: Enh?lpced and MIVIRC

= AcbvaneedHIGO

«— S5Run —» — S6 —» «— S77?

[ [ 2006 [ 2001 2008 2009 2010 2011 2012 2013 | Potan
LIGO enhanced LIGO

Advanced LIGO
funded as of 2008

10-15

build hardware | installation | science

\ e o ense | | ENhanced LIGO (S6)
% 1 1 e readout noise; laser

| - - power

x2 better sensitivity

e commission AdLIGO
DC readout with real
IFOs

e reduce AdLIGO
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Astronormcal Reach (112)))VIR@D

-~ LIGO today

| 1DD
5 I'I"III!IDI_'I
« « | lightyears

10 better amplitude sensitivity

= ratei'(reach)3

. #  NS-NS BH-BH SN
Advanced -'IGQ
2014 e azo 200y 20-2000 y1 0.1=0.5 y
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