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Supermassive black hole spin-flip during the inspiral
L. C. Gergely, P. L. Biermann, L. |. Caramete, Class. Quantum Grav. 27 (2010) 194009

Figure 1. Aitoff projection in galactic coordinates of 5895 NED SMBH candidate sources.
The sample is complete in a sensitivity sense; in order to derive densities one needs a volume
correction. The color code (online only ) is orange, green, blue, red, black corresponding to masses
above 10° Mg, 10° Mg, 107 M, 10® Mg, 10" My, respectively. With the exception of the less
numerous first range (orange), representing compact star clusters, the rest are SMBHs.
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© Nobel Media. Ill. N. © Nobel Media. Ill. N.

EIm.ehed . ElImehed . Elmehed
Rainer Weiss Barry C. Barish Kip S. Thorne
Prize share: 1/2 Prize share: 1/4 Prize share: 1/4

The Nobel Prize in Physics 2017 was divided, one half awarded to
Rainer Weiss, the other half jointly to Barry C. Barish and Kip S.
Thorne "for decisive contributions to the LIGO detector and the
observation of gravitational waves".
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Multipole expansions of gravitational radiation

al ap(P984)

Rev. Mod. Phys. 52, 299 — Published 1 April 1980

S

Multipole expansions of gravitational radiation*’
Kip S. Thorne

W. K. Kellogg Radiation Laboratory, California Institute of Technology, Pasadena, California 91125
and Center for Radiophysics and Space Research, Cornell University, Ithaca, New York 14853

This paper brings together, into a single unified notation, the multipole formalisms for gravitational
radiation which various people have constructed. It also extends the results of previous workers. More
specifically:

Part One of this paper reviews the various scalar, vector, and tensor spherical harmonics used in the
general relativity literature—including the Regge-Wheeler harmonics, the symmetric, trace-free (“STF")
tensors of Sachs and Pirani, the N Penrose spi ighted harmonics, and the Mathews—Zerilli
Clebsch-Gordan-coupled harmonics—which include “pure-orbital” harmonics and *“pure-spin”
harmonics. The relationships between the various harmonics are presented. Part One then turns attention
to gravitational radiation. The concept of “local wave zone” is introduced to facilitate a clean separation
of “wave generation” from “wave propagation.” The generic radiation field in the local wave zone is
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LIGO Laboratory: California Institute of Technology, Massachusetts Institute of Technology, LIGO Hanford Obsenvatory, LIGO Livingston Observatory
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Special Breakthrough Prize in Fundamental
Physics

BREAKTHROUGH BOARD TROPHY EVENTS NOMINATIONS NEWS CONTACTS  Search

SPECIAL BREAKTHROUGH PRIZE IN FUNDAMENTAL
PHYSICS AWARDED FOR DETECTION OF GRAVITATIONAL
WAVES 100 YEARS AFTER ALBERT EINSTEIN PREDICTED
THEIR EXISTENCE

Selection Committee of previous Breakthrough Prize winners recognizes contributors to experiment recording waves from two black holes

colliding over a billion light years away.

$3 million prize shared between LIGO founders Ronald W. P. Drever, Kip S. Thorne and Rainer Weiss and 1012 contributors to the discovery.

Gruber Cosmology Prize

GRUBER PRIZES
FOUNDATION

BY YEAR GENETICS

liscovery-team

HOME

NEWS & MEDIA
PROGRAM FOR SCIENCE FELLOW:!
JUSTICE AND AT YALE
'WOMEN'S RIGHTS /

NEUROSCIENCE YOUNG SCIENTISTS AWARDS  JU

The LIGO Discovery Team

Laureate Profile

The 2016 Gruber Prize in Cosmology honors Ronald Drever, Kip Thome, and Rainer Weiss, along with
the entire Laser Interferometer Gravitational-Wave Observatory (LIGO) discovery team and the Virgo
Collaboration for the first detection of gravitational waves. That observation, which came in September
2015, not only validated a key prediction of Einstein’s general theory of relativity but provided a first
foray Into the strong-gravity regime of that theory—the part that covers phenomena with the strongest
gravitational effects in the universe

2017

Royal Astronomical Society RAS Group

Achi evement Award o6AO
https://www.ras.org.uk/images/stories/awards/winners/2017/LI
GO%202017%20Group%20Achievement%20Award%20A.pdf

Citation for the 2017 RAS Group Achievement Award ‘A’
The Laser Interferometer Gravitational-Wave Observatory (LIGO) team

The Group Achievement Award in astronomy is given to the Laser Interferometer
Gravitational-Wave Observatory (LIGO) team.

The direct detection of gravitational waves by the LIGO detectors situated in Livingston and
Hanford in the US is an epochal event in physics and astronomy. This extraordinary
achievement is the culmination of many decades of work, including US-based instruments

Rossi Prize of the American Astronomical

Society A|A AMERICAN ASTRONOMICAL SOCIETY

I s Enhancing and sharing humanity’s scientific understanding of the universe since 1899.

HOME MEETINGS PUBLISHING poLicY

EDUCATION CAREERS

MEMBERSHIP
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team
Princess of Asturias Award for Technical and

Scientific Research

http://www.fpa.es/en/p _
rincess-of-asturias- & Frer S
awards/laureates/2017 PRINCESS OF ASTURIAS AWARD

-rainer-WeiSS-kiD-S- FOR TECHNICAL & SCIENTIFIC
thorne-barry-c-barish-
and-ligo-scientific-
collaboration.html?esp \
ecifica=0&idCateqoria
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RESEARCH 2017

RAINER WEISS, KIP S. THORNE, BARRY
C. BARISH AND LIGO SCIENTIFIC
. COLLABORATION

PRINCESS OF ASTURIAS AWARD FOR TECHNICAL & SCIENTIFIC
RESEARCH 2017
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Figure 2. The radio maps of PKS 0723—008 over 12 epochs, represented on logarithmic scale with base 10. They were produced by processing the available
VLBA visibilities provided by the MOJAVE team. Iso-flux density contours are in per cent of the peak flux density marked in the left upper cor of the maps.
They increase by factors of 1, except the last two epochs (marked by stars), where the contours increase by factors of 2. In the middle, the integrated flux
density of the source at 15 GHz is represented as a function of the time. The time of the corresponding neutrino detection (ID5) is indicated by a red vertical
line.
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BACKGROUND IMAGES: TIMERFREQUENCY TRACE (TOP) AND TIME-SERIES
PhyS ReV. Lett (BOTTOM) IN THE TWO LIGO DETECTORS; SIMULATION OF BLACK HOLE

HORIZONS (MIDDLE-TOP), BEST FIT WAVEFORM (MIDDLE-BOTTOM)
116, 061102 (2016)

first direct detection of gravitational waves (GW) and first direct observation
of a black hole binary

observed by LIGO L1, H1 duration from 30 Hz ~ 200 ms
source type black hole (BH) binary | # cycles from 30 Hz ~10
date 14 Sept 2015 peak GW strain 1x102
time 09:50:45 UTC peak displacement of £0.002 fm
likely distance 2(;(7)51: tos;::'y i:terferor;\eterf arr::
) pc equency/waveleng 150 Hz. 2000 km
Hanford, Washingt H1 Livingston, Louisi L1 . i i
aln or als ing onl( ) | |vI|ngs n | OU|5|anaI( ) | rediite 0.054 to 0.136 at peak GW strain
1B peak speed of BHs ~0.6c
0'5 signal-to-noise ratio 4 peak GW luminosity 3.6 x 10% erg s
0'0 false alarm prob. < 1 in 5 million radiated GW energy 2.5.3.5 Mo
-0.5 false alarm rate <1 in 200,000 yr remnant ringdown freq.  ~ 250 Hz
-1.0 — L obssived Source Masses Mo
H1 observed (shifted, inverted) | remnant damping time ~4ms
1.0 I ! ! ! total mass AL remnant size, area 180 km, 3.5 x 10° km?
0.5 Riuasy BE 2 ol consistent with passes all tests
0.0 secondary BH 25to 33 general relativity? performed
0.5 remaght BH 581049 graviton mass bound <1.2x10%2eV
-1.0 H— Numerical relativity - H — Numerical relativity -
I’:econstructej :wavellet)) Reconstructej iwave:et)) mass ratio 0.6to1 coalescence rate Of
L econstnljcte templ ate‘ ! | - Reconsmljcte templ ate' | | . . 2t0 400 G c—3 r-1
05F T T T 3 F T T T = primary BH spin <0.7 binary black holes 174
secondary BH spin <0.9
g.g WA‘WL‘/WW"‘/\N/\WWN W/WMM’W\’\/W“ ry/SheEP online trigger latency ~ 3 min
) ! , ! , ! i . remnant BH spin 0.57 t0 0.72 # offline analysis pipelines 5
512 T signal arrival time arrived in L1 7 ms o il 20000
8 3 delay before H1 CPU hours consumed _ >° Mo =20
256 g | PCs run for 100 days)
6 g likely sky position ~ Southern Hemisphere
128 4 ] : \ papers on Feb 11, 2016 13
4 @ likely orientation face-on/off ham a1
N e archETs ~1000, 80 institutions
64 2 ,—Eu resolved to ~600 sq. deg. A codhinkd
32 0o
0.30 0.35 0.40 0.45 0.30 0.35 0.40 0.45 2 Detector noise introduces errors in measurement. Parameter ranges correspond to 90% credible bounds.
Time (s) Time (s) Acronyms: L1=LIGO Livingston, H1=LIGO Hanford; Gly=giga lightyear=9.46 x 10'> km; Mpc=mega

parsec=3.2 million lightyear, Gpc=10° Mpc, fm=femtometer=10-'> m, Me=1 solar mass=2 x 103°kg
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