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GW network mid 2020

GEO, Hannover, 600 m




O3

Will start not before end 2018, more probably
beginning 2019

Will last for one year

Planned range (averaged distance on all angles for
detection above SNR=8)

o LIGO : 120 Mpc

o Virgo : 60-85 Mpc

KAGRA (Japanese detector) may join at the end of
the period if its range is above 20 Mpc

GW network is moving towards open public alert
Possibly up to several alerts / week



Open public alert

* Notices + circulars: Preliminary, Initial, Update

o 2 types of pipelines to provide these alerts:
o Codalescing compact objects : from BNS to BBH
e Qverall astrophysical purity of 90 % - FAR : 1/month - 1 year
o Will provide skymaps with 3D information
* Probability to have a NS in the system
* Probability to have EM emission (based on Pannarale & Ohme (2014))
o Unmodelled transient source:
o Use more restrictive cut — FAR 1/100 years
e Only 2D information
e Could detect BBH up to 500 M
o Will also include data quality statement



Sensitivity evolution

e Continue sequences of
data taking and upgrades

e Reach design sensitivity

e Allow a larger volume
observation
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Timeline after O3
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Moving to next generation

o 2.5 G: aset of upgrades capable of enhancing the
sensitivities of the current detectors (event rate 5-10x)
o A+ at LIGO, AdV+ at Virgo - Timeline:~2023

e 2.75G ? : use the current infrastructure to its maximum
and prepare 3 G

o 3 G: new infrastructures/detectors capable of
reaching the early universe. One order of magnitude
gained in sensitivity wrt 2G

o Timeline: ~2030 - Cost > 1 Geuros

o Einstein Telescope: European project for a nested assembly of
6 co-located interferometers, 10 km long underground

o Cosmic Explorer: US project for a 40 km interferometer surface
detector



Post O3 program

LIGO India (same as LIGO

Five year plan for observational runs, commissioning and upgrades at the same time)

2019 2020 2021 2022 2023 2024 2025 2026

Virgo AdV+ Proposed upgrade plan

@ Observing Run O3 (> 60 Mpc) :

I
G D-<sign. infrastructure preparation for AdV+ I

@ stall signal recycling (AdV) and frequencil dependent squeezing (AdV+)

B - | Observing Run 04 (> 120 Mpc)
_ Install %‘\dV+ large mirror upgrades
@ ~.\+ commissioning

Observing Runs _

I
LIGO A+ Upgrade plan (see LIGO-G1702134) :
G - fabrication |

(] InstaIIA:+ upgrades

@ A+ integration into chambers

- A+ commissioning

<> Completion AdV+ and A+

Note: duration of O4 has not been decided at this moment

LIGO
KAGRA Voyager ?
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Probability density

Parameters inference

Comparison between 3 and 5 detectors for sky localization
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Improving sensitivity
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strain amplitude (1/sqrt(Hz))

Possible scenario
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Scanning a large fraction of Universe

Maximal distance for coalescing objects

10:F ]

— Horizon
~ 10% detecteds

- 50% detected.

Formationof first stars

10' |

Redshift

100 |

= alIGO ==ET .
=== Voyager = CE

] ] L0 ] ] ' B A A e
109 10! 102 10°
Credit Evan Hall Total source frame mass [ M]



eff
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Xett —X

Coalescing history

Better inference of parameters ETR——
Evolution of mass and spins of PLE I .
the objects with distance -

When first binary black holes
are formed

Link between black holes seed
and growth of cosmic structure

redshift
Madeau & Dickson 2014, ARAA, vol 52
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Early warning for EM search

Time inside the frequency band for a BNS
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Links to GRB

o Short or long GRBs are GW (potential) emitter

* Fraction of BNS and NSBH in the short GRB progenitors
e [sit depending on distance ¢

* Proportion with kilonova emission

o Relationship between jet and spin/masses ¢

o See talks this affernoon and tomorrow

squeezed dynamical

squeezed dynamical
v =~ 0.2¢-0.3¢c

v = 0.2¢-0.3¢

tidal dynamical

tidal dynamical
v =~ 0.2¢-0.3¢c

tidal dynamical
v = 0.2¢-0.3c

v = 0.2¢-0.3c

Neutron Star + Neutron Star
long lived neutron star remnant

Neutron Star + Neutron Star
remnant prompt collapse to black hole

Neutron Star + Black Hole
black hole remnant

Kasen et al Nature 551(7678) 2017



Black hole physics

TESTING NO-HAIR THEOREM

¢ Deformed black holes emit
asi-normal modes

+ complex frequencies depend
only on the mass and spin

¢ Measuring two or modes
would provide a smoking
gun evidence of black holes

Credit:B.Sathyaprakash

Dreyer+ 2004, Berti+ 2006, Berti+ 2007/,
Kamaretsos+ 2012, Gossan+2012




Studying neutron stars

Either isolated or in

Lackey et al, PRD 89 (2014)

codlescing phase o2
Full phenomena using EM ¢

and GW emission
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Post merger BNS object

v, ¢~ 1 L. Baiotti, and L. Rezzolla (2017)

binary (< 1kHz) black hole + torus (5 — 6kHz) black hole (6 —

binary (< 1kHz) HMNS/SMNS (2 — 4kHz)  black hole + torus (5 — 6kHz) black hole(6 — 7kHz)
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Core collapse SN
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A large diversity of phenomena

Emission Process

Rotating Collapse &
Bounce

Dynamical Shear

Bar Mode

Prompt Convection

v-driven Convection/
SASI

Convection in PNS

BH Formation

Aspherical Outflows

Accretion Disk
Instabilities

Duration [ms] Spectrum [Hz] h@ 1 Mpc Eew [Moc?]
~10 ~400-900 | ~5x102¢-2x1022 |  ~2x107- 1x107
10 - = 100 ~700 - 1000 ~fewx102 | L e/ 100ms)
10- = 100 ~1000-2000 |~ few x102-x1021| . 1000
10 - 30 ~50 - 1000 ~ x1025-x1023 102- 102
100 - 500 ~100 - 1000 ~x1025-x102 | o ooms)
= 1000 ~600-1000 | ~x1025-x102 | oA
$1-2 ~600-4000 | ~x10%-x102 ~10%- 107
= 100 - 1000 ~ 20 ~ x1023-x1022 <101
= 1000 ~100-1000 | ~x1022-x10-12 ~10- 10

J. Gill, SN workshop 2017

20



Cosmological parameters

Amplitude of GW coalescing signalis 1/D
Can measure Hubble constant in local universe:

A perfect example GW170817, see Nial's presentation
Need few tens of events to have accuracy around 1 %

Del Pozzo, PRD 86, 043011 (2012)

o GW provide distance
o EM counterpart provide redshift
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Stochastic background

o Signal coming from
sum of astrophysical

sources.

o Too far CBC events to be
detected independently

o Will provide constraints on
population evolution scenarios

e Signal from

i cosmological origin
10 | | - poisson | o Post big bang emission
0 10 2030 40 o Signal strength not really
Observation time (months) known

Expected SNR for astrophysical stochastic signal



What can we discover during SVOM era
(2020-2030)?

e Detection of NSBH and accurate measurements on rate of
codlescing events

e Several GRB detections
e With some luck first supernovae detection

e Neutron star ellipticity is potentially very low and isolated
neutron star may be detected only at the end of the period

e Constraints on EoS with at least neutron stars in coalescing
binaries

e Will detect binary black holes at cosmological distances

e Constraints on population models

e Willmake more tests of General Relativity

e Put independent constraints on cosmological parameters

o Stochastic background from astrophysical sources will be
detected



