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Masses in the Stellar Graveyard

in Solar Masses
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Data analysis efforts at Nikhef

« Searches

« Neutron star matter

« Strong field gravity

« Cosmology
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Searches

GWTC-1: A Gravitational-Wave Transient Catalog of Compact Binary Mergers Observed by
LIGO and Virgo during the First and Second Observing Runs

The LIGO Scientific Collaboration and The Virgo Collaboration
(Compiled: 3 December 2018)



Searches
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GWTC-1: A Gravitational-Wave Transient Catalog of Compact Binary Mergers Observed by

LIGO and Virgo during the First and Second Observing Runs

The LIGO Scientific Collaboration and The Virgo Collaboration
(Compiled: 3 December 2018)

Abbott et al. arXiv:1811.12907 [astro-ph.HE]

Event  m/Ms  m/Ms  M/M, Xet M /My ai Ena/(Moc”) Lpeul(ergs™)  difMpe z AQ/deg”
GWIS0914 3567 30670 2867¢ 00102 63103 069705 31707 360 100 430750 0.0970% 179
GWISI012 23.3tH0 1367 152730 004703 35790 0677907 1593 32:98x10% 1060730 021798 1555
GWI51226 13745 7.7:22 8903 087020 2056 07400 L0 347X 10 4407180 0.09°90% 1033
GWI70104 31072 20172 215720 004007 401752 0.66:0% 2207 33:06% 100 9607 019707 924
GWIT0608 10973 7.6 7.0 003701 17832 0.690% 0970 3504100 32012 0077992 396
GWIT0729 50.6%155 343%91  357+05 0367021 803*M4E 0817007 4817 424095105 2750750 048701 1033
GWIT0809 352%%% 238797 250770 0077018 564732 0.70°0% 27700 3505x 10 990730 020109 340
GWI70814 30.7'3] 253729 242014 007:017 534732 07200 27004 37004x10%  S301%0 01200 87
GWIT0817 146%012 127+0% L1g6X%! 00070 <28 <089  >004  >01x10% 4070  0019% 16
GWIT0818 35575 26871 267771 —0.00°08 5984 06700 2707 34%05x 100 1020740 020709 39
GWI70823 39.6%100 204%63  203+12 0087020 6567 0710098 33108 36065 10% 185070 03401 1651




Neutron star matter

Properties of the binary neutron star merger GW170817

The LIGO Scientific Collaboration and The Virgo Collaboration
(Compiled 30 May 2018)
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GW170817: properties of the neutron star

Figure from: Dietrich et al. (2015)
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Waveform systematics for binary neutron star gravitational wave signals: effects of
the point-particle baseline and tidal descriptions
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Strong-field gravity

Tests of General Relativity with GW170817

B. P. Abbott,' R. Abbott,! T. D. Abbott,? F. Acernese,* K. Ackley,” C. Adams,® T. Adams.,” P. Addesso,?
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Tests of general relativity with GW170817

Dipole radiation Abbott et al. arXiv:1811.00364 [gr-qc]
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o Parameterized deviations do not show any departures from GR values.

o “Inverse square law” — constraints on extra dimensions.
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Probing the nature of compact objects

Are they really black holes, or exotic compact objects mimicking black holes?

Boson stars, dark matter stars, gravastars, shells, wormholes, ...

Different complementary methods probing different regimes:

PHYSICAL REVIEW D 98, 104020 (2018)

« Finite size effects during inspiral. . o
Empirical tests of the black hole no-hair conjecture using gravitational
-wave observations

Gregorio Carullo,"*” Laura van der Schaaf? Lionel London. TH. Pang.* Ka Wa Tsang? Otto A. Hannuksela *
Jeroen Meidam,” Michalis Agathos.” Anuradha Samajdar,” Archisman G} anie G.F. Li*

Walter Del Pozzo," and Chris Van Den Brocek™

« Ringdown quasinormal modes — no-hair conjecture.

« Search for post-merger oscillations or “echoes”.

PHYSICAL REVIEW D 98, 024023 (2018)

A morphology-independent data analysis method for detecting and
characterizing gravitational wave echoes
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Cardoso et al. (2016)

13 of 20 Ka Wa Tsang,' Michiel Rollier,’ Archisman Ghosh,' Anuradha Samajdar,’ Michalis Agathos,”
of Katerina Chatziioannou," Vitor Cardoso,’ Gaurav Khanna," and Chris Van Den Broeck!®



Cosmology

A standard siren measurement of the Hubble constant from GW170817 without the electromagnetic counterpart

M. Fisupaci,' R. Gray,” I. Macana Hernanoez,” H, Qn? A, Sur,' anp
MEMBERS OF THE LIGO SCIENTIFIC COLLABORATION AND THE VIRGO COLLABORATION
1 Department of Astronomy and Astrophysics, University of Chicago, Chicago, IL 60637, USA
2SUPA, University of Glasgow, Glasgow G12 8QQ, United Kingdom
3 University of W lwaukee, Mil WI 53201, USA
4 Nikhef, Science Park 105, 1098 XG Amsterdam, The Netherlands
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Cosmology: Hubble parameter with GW170817

Optical counterpart: SSS17a
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Host galaxy: NGC 4993

5000

4000

1)

Vs (kms

w00 { vy = 3017 4 166 kms 1

2000
— +2.9

ce, d| = 43.876.9Mpc

0 assuming sky location of counterpart)

Standard siren Schutz (1986), Holz & Hughes (2005)

GWs provide a direct measurement of the luminosity distance!
vy = Hod;

Recession velocity (or redshift) can come from a transient EM
counterpart or an identified host galaxy.
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Independent of any distance ladder!

Abbott et al. Astrophys. J. 848 #2, L12 (2017); LSC-EPO
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Abbott et al. Nature 551 #7678, 85-88 (2017)



Hp: future prospects

“Statistical” method in absence of uniquely identified host galaxy.

Chen et al. (2017): counterpart & statistical

Schutz (1986); Del Pozzo (2012)

Sur (2017, Masters thesis), Gray et al. (in prep.)
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Completeness fraction of catalog

Statistical: incomplete galaxy catalogue









LIGO-VIRGO Joint Run Planning Committee

Working schedule for O3
(Public document G1801056-v4, based on G1800889-v7)

| Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug >
ER13: from 8am PT Dec 14 ER14: up to four weeks, starting at the earliest March 1st, 2019
to 6 am PT Dec 18 03 to follow

H1 Commissioning l ER13 Commissioning ER14 0O3: one calendar year long

oO-r

o L1 Commissioning ER13 Commissioning ER14 03: one calendar year long
V| RG 0 Commissioning ER13 Commissioning ER14 03: one calendar year long
GEO ~70% observing mode

Detector operational,commissioning mode - Detector not producing data

(small fraction of observing mode time)

(downtime)
Detector in observing )
‘ ‘ mode for a fraction of the time 24/7 observing mode
during Engineering Runs (ERs), (Observing Run,

possible GW alerts with human vetting Open Public Alerts in low-latency)




Gravitational Wave Detector Network
Operational Snapshot as of Dec 16, 07:09 UTC

Detector Status Duration
GEO 600 ( 2:59
LIGO Hanford 1:47
LIGO Livingston 1:40
Virgo 3:07
KAGRA Future addition
Detector status summary pages %
links
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