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advanced (2G) detectors (/2

LJHLV,G - - | jz

existing and planned
detector sites=>"

e x10 better sensitivity than 1G

e alLlGO (H,L) and aVirgo(V) are being constructed. Plans for KAGRA
(J) and LIGO-India (I), + GEO-HF (G)
> target detection of anticipated NS-NS and possibly other sources after 2015.

> extended network significantly enhances GW&MM (multi-messenger)
observations
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Network Characterization VIRGD

e Noise scaled network antenna vectors
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Network Acceptance
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Antenna sensitivity w.r.t
a network of
omni-directional detectors
(100% acceptance)

here and later for calculation of antenna
patterns we assume equal sensitivity of
all detectors — actual patterns are
frequency dependent

Network = HLVJI

Antenna Pattern = \‘(]F _f+|F‘ F)nlFO
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Network Alignment (fﬂ%é}

A = | fx | important for reconstruction of both

| f | GW polarizations and sky localization
i

Network = HLV Antenna Pattern = |F ||F |

@® for perfectly co-aligned
detectors A=0 — detect
only one GW component

® A - contribution to total
network SNR from the
second component L2

Network = HLVJI Antenna Pattern = |F '|/]F_l Network = HLVI Antenna Pattern = |I~"[/]I"_|
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Sky localization — 50% Error Region @R@Gé/

e Median error angle (50% CL, SNRnet<30, un-modeled sources) for
reconstruction of ad-hoc signals (sine-Gaussians) in the bucket (200-300 Hz)
> obvious observation — more sites is better

Advanced Detectors : Cumulative fraction of the sky as a function of the 50% error region
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NS-NS localization (MCMC reconstruction)wRGD

Veitch et al Phys. Rev. D 85, 104045 (2012)
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e 2G sky localization is compatible with FOV of many telescopes
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Optlmal networks VIRGD

e 2G network reconstruction performance
> different detector tuning: broadband, NS-NS, HF.
> fairly good source localization (~10 sq. degrees @90CL)
v'can be better for modeled sources
v'challenging for low frequency signals (150Hz and lower)
> reconstruction of GW polarizations for a small fraction of sky

e 2G network is a “discovery machine” — astroGW
landscape is quite uncertain
> may not be optimal in capturing astrophysics.

However, how far is the 2G network from optimal?
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3G detectors (and beyond) /x4

e 3G R&D has started (ET,LIGO-3G,..).

(detection of GWs is a prerequisite for construction of 3G detectors)
> Improve high-frequency sensitivity (~1kHz) (high power,
squeezing, tuning,..)
v'core-collapse SN, NS EOS, NS f-modes, ..
> Extend 3G sensitivity to lower frequency (10Hz or less) (seismic

super-isolation, underground/space, reduced thermal noise,
Newtonian noise subtraction,...)

v IMBH sources (up to 10°4 Mo)

v'eccentric binary black holes

v"WD binaries ( f<1Hz)

v'NS-NS (to capture early inspiral stage f<30Hz)
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Example: “Early warning” for NS-NS\/ =~%

e To capture EM signature, localize NS-NS before merger (Tgy,-Tew = ?)

134 57 24 frequency, Hz
- T — aLIGO
202104 \\ —  ET
=2 \
& g 10°
3.8 \
%E 102 \
<0 = —_—
CU% 10 L \\ \\

107 107" 1 10 102 10° 10* 10°
time to coalescence, sec

¢ 1 minute warning: sky localization in frequency band f<30Hz: A/d~ 1
e 90% of SNR is accumulated before f < 150Hz (aLIGO)

e Apart from improved sensitivity what other upgrades are
desirable for MM astronomy? More sites? More detectors?
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What affects reconstruction? VIRGD

e Source localization can be obtained with two methods

1. Triangulation (fails at low frequency where most of promising GW
emitters — binary inspirals — are expected)

2
AQq; = 1 1 A J— [ALwenLIGO=P070020
7= & f2 2 AL\ 020202 /08 | ] o = /A, S Feirhurst, NJP. 11 (2009)

2. Network antenna coverage
> Important for reconstruction of h+,hx and hence source parameters
> Dominates localization at low frequency (not affected by diffraction limit)

> Strongly depends on number of sites, locations and also site topology (number
of detectors on site and orientation of their arms)

v'How do site topology affect detection & reconstruction?
v'What are optimal and potentially upgradable site topologies

v’ Does it matter at all?
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Invariant site topology ez

How to increase polarization coverage and
improve sky localization?

Use invariant topology where site antenna 11,
sensitivity does not depend on the global
orientation of detector arms in the site plane

e one L-shape (1L) detector — not invariant

IR
e Interferometric Telescopes (IT): many
invariant topologies \/
> 2 detectors (I,T) - possible upgrade
for L-site: build one/two more arms
1 T120/

> 3 detectors (I,T/ET)

I2T45
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IT-India: Sky Localization @ SNR=10/detector & 50%@}3}
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® IT-India (12&I3 with 1,T,5 topology) detectors instead of one L-shaped detector

» provide resolution comparable with the 4 L-site network

BIG EFFECT!!
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IT-Hanford: Sky Localization @ SNR=10/detector & 50%6%{{
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e Telescope in Hanford: I,T - H2&H3
» excellent reconstruction with 3-site networks

» much better than the L-shape HLV
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2 sites!!! -I2I3H2H3 (IT sites)
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can’t ignore site
topology designing

future networks
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Optimal network configurations @%}3/

e 3-site networks
> triangulation is best for Big Circle network : \/§R
> But optimal network is Cartesian: —_—
> JLV&JHV very close to Cartesian

e 4-site networks

> Best triangulation and antenna coverage is obtained
for tetrahedron

> Extending JLV/JHV sites, closest to tetrahedron is a
site either in Australia or Argentina (excluding the
most optimal location at South Pole)

e How far are existing and planned network sites
from optimal?
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Coverage with 3 I'T-site networks @%}3}
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e JLV & JHV are close to optimal. I1JH, IHV, ILV, HLV are less optimal but
anyway provide much better coverage than 1L-topology networks
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(1))

3-site networks: How far from optimal? \/jgc5

e Cartesian is better than BigCircle, which has better triangulation

e sky localization of 3 IT-site networks (including India) is close to optimal
> >30x better than networks with 3 1L sites (same SNR 10/site)

L1H1V1 LF [ 403.38 ]

L111V1 LF [ 239.17 ]
H2H3V2V3J2J3 LF [7.44 ]
L2L3V2V3J2J3 LF [7.00]
H2H3V2V3I2I3 LF [ 7.84 ]
L2L3V2V3I2I3 LF [8.13 ]
X2X3Y2Y3Z22Z3 LF-C [ 6.44 ]
X2X3Y2Y322Z3 LF-bC [ 8.98 ]
H2H3V2V3J2J3 LLF [ 89.99 ]
L2L3V2V3J2J3 LLF [ 85.59]
H2H3V2V3I2I3 LLF [ 94.50 ]
L2L3V2V3I2I3 LLF [ 98.60 ]
X2X3Y2Y322Z3 LLF-C [ 88.11]
X2X3Y2Y3Z22Z3 LLF-bC [ 79.84 ]

LVJ-ET LLF [99.38 ]
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LSC coverage with 4 I'T-site networks @%}3}
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® Excellent coverage close to tetrahedron
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4-site networks: How far from optimal? @R@Gé/

e Tetrahedron is optimal, but 4 IT-site networks formed with the
IJHLV sites are comparable

e Both 3&4 IT-sites are much better than 4 1L sites
e decent resolution @30Hz with both 3&4 IT sites

0.9 ._/‘":.:I'-‘ ....... #' ....................................................................................... .............................................. O

0.8 fp ........................................................................................ L Ay S
0.7F—dS | ...... .*'. ................. 5 90% .....................
NI AV A= Y | ST & error region

_ g SNR=10/site

0.5 ..............................................................................
§ - LTHIVIA LF[17.12]

0.4 L1H1V1J1 LF [ 23.75]

L1H1V1J1 LLF [ 212.82]
L2L3V2V3J2J3I1213 LF [ 2.94 ]
L2L3H2H3V2V3J2J3 LF [ 3.54 ]
L2L3H2H3V2V3I213 LF [ 3.41]
X2X3Y2Y3Z22Z3W2W3 LF T[2.19]
L2L3H2H3V2V3I2I13 LLF [ 67.94 ]
L2L3H2H3V2V3J2J3 LLF [ 68.05 ]
L2L3V2V3J2J3I12I13 LLF [ 62.10 ]

T

I I 1

o2 (deg?) 1024

NIIIMENKO, june 4, GVVIIAVY ZULZ, rlannover, Lermany, L1IGU-G1Z004/Y L7

0.3
0.2
0.1

0



Summary VIRGD

e Existing (H,L,V) and planned (l,]) site locations are close to
optimal. This network has a great potential to produce exciting
science ... and a lot of room for improvement

e Localization of GW sources benefits (particularly at low
frequency) from full coverage of source polarizations

e |nvariant topology significantly improves reconstruction and
could be a viable upgrade for 2G network after first detections:

> upgrade of site topology is as important as building new sites

> may not be possible for some existing sites due to hard constraints:
geography, buildings, ... A mixture of different site topologies can be used:
more IT sites — better.
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