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Laser Interferometric Gravitational Wave Observatory Laser Interferometric Gravitational Wave Observatory 

(LIGO)(LIGO)

by
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References: http://ligo.org/   Ligo website, and GW170817 LIGO Page
Physical Review Letters detection paper
Astrophysical Journal Letters, Focus on EM Counterpart 
Ligo page with video and graphic here 

http://ligo.org/
http://ligo.org/detections/GW170817.php
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.119.161101
http://iopscience.iop.org/journal/2041-8205/page/Focus_on_GW170817
http://ligo.org/detections/GW170817.php
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““Seen” by Hanford, Livingston, and Seen” by Hanford, Livingston, and 
VIRGOVIRGO
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““Glitch” in the Livingston LIGO Data Glitch” in the Livingston LIGO Data 
StreamStream

 Kept LO from sending out an 
automated message to the 
collaboration and other 
astronomers.
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Low spins most likely (though like msec pulsars some think they can spin up), <= 0.05, 
so call it a m_1 of 1.48 Msol and m_2 of 1.27 Msol.
GWs estimate Distance 40 Mpc BUT +8 and -14 Mpc error bars!
Galaxy NGC 4993 is 40 Mpc away.

GW170817 PropertiesGW170817 Properties
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Cosmological Distances, parsec (pc) and Cosmological Distances, parsec (pc) and 
light-year (ly)light-year (ly)

1 au 1.496e11 m earth-sun distance on average
1 ly 9.4607e15 m
1 pc 3.086e16 m 3.262 ly

Milky Way Diameter  100 k ly (smallish for a galaxy)
Large Magellanic Cloud distance  158k ly
Andromeda Galaxy distance  2.54M ly  0.78 Mpc
Local Group (of 54 galaxies) diameter  10M ly   3.1 Mpc

NGC 4993   130 Mly   40 Mpc

Most distant object GN-z11  13.4 Gly  4.1 Gpc   z=11.1     
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Sky Location from LIGO-VIRGO detector Sky Location from LIGO-VIRGO detector 
“constellation”“constellation”

Other Sky Localizations
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Telescopes found the corresponding Telescopes found the corresponding 
“kilonova” in galaxy NGC 4993“kilonova” in galaxy NGC 4993

Figure 1 from The Electromagnetic Counterpart of the Binary Neutron Star 
Merger LIGO/Virgo GW170817. I. Discovery of the Optical Counterpart Using 
the Dark Energy Camera
M. Soares-Santos et al. 2017 ApJL 848 L16 doi:10.3847/2041-8213/aa9059
http://iopscience.iop.org/article/10.3847/2041-8213/aa9059/meta  

http://iopscience.iop.org/article/10.3847/2041-8213/aa9059/meta
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GW170817 on YouTubeGW170817 on YouTube

Max-Planck-Insitut simulation, 46s   Simulation video

NCSA Numerical Relativity, 2m8s    BNS Simulation

Flashy Video from Ligo-Virgo, 4m17s   Description of event
... and at 3m23s artistic merger            merger with explosion

Zoom in on Kilonova NGC4993   here

https://www.youtube.com/watch?v=V6cm-0bwJ98
https://www.youtube.com/watch?v=13xfdhJGqrY
https://youtu.be/EtIkOjq0_50
https://youtu.be/EtIkOjq0_50?t=203
https://www.youtube.com/watch?v=nziW8fywwmg
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Population of Black Holes and Neutron StarsPopulation of Black Holes and Neutron Stars



26 June 2018 GW170817 Gabella 10

GW170817 with other BH GW Sources

YouTube video here

https://www.youtube.com/watch?v=WoDCPTLgxh4&feature=youtu.be
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GW170817 Observed in all GW170817 Observed in all 
electromagnetic bands: Gamma rays, x-electromagnetic bands: Gamma rays, x-

rays, UV, Visible, IR, and Radiorays, UV, Visible, IR, and Radio
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EM ObservationsEM Observations
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GW170817 Made lots of GoldGW170817 Made lots of Gold

Not only did the observations confirm the theoretical predictions, but the modeling 
allowed Kasen and his colleagues to calculate the amount and chemical makeup of the 
material produced. The scientists inferred that around 6 percent of a solar mass of heavy 
elements were made. The yield of gold alone was around 200 Earth masses, and that of 
platinum nearly 500 Earth masses.

Read more at: 
https://phys.org/news/2017-10-astronomers-cosmic-gold-precious-metals.html#jCp  

https://phys.org/news/2017-10-astronomers-cosmic-gold-precious-metals.html#jCp
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GW170817 SummaryGW170817 Summary

 First Binary Neutron Star merger GW.
 First GW observation with EM confirmation.
 Strongest GW yet, closest.
 Fifth direct detection of GWs by LIGO.
 Independent observation of a “modest” Gamma 

Ray Burst seems to confirm they come form BNS 
mergers.

 About half of all heavy elements come from 
Supernova (old thinking was all) and about half 
from BNS mergers.
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BackupBackup

 aa
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General RelativityGeneral Relativity

 Albert Einstein’s theory of Gravity, generally called 
his General Theory of Relativity, published in 1915-
16.

 Followed his Special Theory of Relativity in 1905 
which describes connecting the physics between to 
observers moving with a uniform velocity relative to 
each other.  These are usually called “inertial 
frames.” 
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GR makes predictions for more extreme GR makes predictions for more extreme 
objects.objects.

 Compact objects, especially neutron stars (pulsars) 
and black holes have very strong gravitational 
fields.

 Binary stars / black holes /neutron stars will emit 
gravitational radiation and lose orbital energy.
 Note the good fit to the Hulse-Taylor pulsar PSR 

J1915+1606 (and other names too).  Considered first 
evidence for GWs.

 LIGO announced first direct detection of GWs in 
February 2017 about an even the previous September 
2015: GW150914 .
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GR passes all “weak field” tests.GR passes all “weak field” tests.

 GR passes all the tests for it that we can devise in 
our part of the universe.
 The anomalous precession of the perihelion of Mercury’s 

orbit.  Most due to the large planets perturbing the orbit 
and the oblate sun, 450 arc-seconds per century, but 
measure 490.  GR predicts the missing 40 because of 
the effective gravitational well for the planet.

 Our star bends light---Eddington 1919 (check?).  Now 
routinely used to study matter distributions (gravitational 
lensing) and single stars or rogue planets (micro-
lensing).

 Clocks run slower lower in a gravitational well---atomic 
clocks on airplanes (xxx), frequency of light from atoms 
deep in a start, GPS satellite clocks.
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Black Hole Binary Coalescence Emits Black Hole Binary Coalescence Emits 
GWs.GWs.
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Strain Curves from Moore et al.  Strain Curves from Moore et al.  

Ground-based
Spaced-based

Pulsar Timing Arrays

3e8wavelength, m 3e43e123e16
1pc 30km
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Gravitational Wave SpectrumGravitational Wave Spectrum
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Nature of Gravitational Waves, and   
Of all 10 possible components to h, it simplifies to two polarizations. One 
with a motion that shrinks (grows) in one direction while growing (shrinking) 
in the other direction.  The other polarization is just rotated by 45 degrees.

Wave headed into the page, Y up, X right.

hplus polarization hcross polarization

y

x

y

x

https://en.wikipedia.org/wiki/Gravitational_wave#/media/File:GravitationalWave_PlusPolarization.gif
https://en.wikipedia.org/wiki/Gravitational_wave#/media/File:GravitationalWave_CrossPolarization.gif
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Effect of a perfectly aligned wave on LIGOEffect of a perfectly aligned wave on LIGO
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Seismic Noise aLIGO and initialSeismic Noise aLIGO and initial
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LISA and eLISALISA and eLISA
 LISA has a full equilateral triangle of lasers and baseline of 5e9 m.  Not 

funded.

 eLISA uses two legs of the equilateral 
triangle of lasers and baseline of 1e9 m.  
Successful LISA Pathfinder mission and 
LIGO detection means likely to go forward 
and maybe “fast-tracked.”
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LISA PathfinderLISA Pathfinder
 LISA Pathfinder successfully demonstrated the technologies for “drag-

free” flight of the eLISA space craft.

 Orbit is nearly freely falling around the sun.

 Microthrusters used to counter solar wind, etc, and allow a free 
mass inside to react only to gravity!

 Measured relative acceleration as 
good as 6e-15 m/s^2 per root Hz 
(tomorrow).
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LISA PathfinderLISA Pathfinder

Ref: Armano et al., PRL 2016
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LISA PathfinderLISA Pathfinder
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Pulsar Timing ArraysPulsar Timing Arrays
 Millisecond pulsars are very good clocks scattered around the Universe.

 By measuring them once in a while, you can detect a hiccup in the 
reception of the pulse at Earth.  With enough “clocks” you can decide if 
there was a gravitational wave and from where it may have come.

 See chart, sensitive to very, very long wavelengths, and thus very, very 
small frequencies.  Size of the Universe sort of waves!

Ref: NANOGrav collaboration

http://nanograv.org/
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Pulsar Timing ArraysPulsar Timing Arrays
 Several collaborations working at radio astronomy facilities to measure 

millisecond pulsars:

 NANOGrav, US and NASA, using Arecibo and Green Bank.

 The International Pulsar Timing Array uses many radio telescopes.

  The European Pulsar Timing Array

 and others.

http://nanograv.org/
http://www.ipta4gw.org/
http://www.epta.eu.org/
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LinksLinks
●  CalTech GW media assets page.
●  Kelly Holley-Bockelman's TEDx Nashville Talk 2016 about 

GW150914.
●  Pulsar timing array, Nanograv

http://mediaassets.caltech.edu/gwave
https://www.youtube.com/watch?v=DTKGAE4voNM
http://nanograv.org/
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Some ConstantsSome Constants

Schwarzschild radius 2GM/c^2 2953 m for Msun

GR Units, Mass GM/c^2 1477 m for Msun

GR Units, Power c^5/G 3.628e52 W

GR Units, Energy c^4/G 1.210e44 J/m

parsec, pc 3.09e16 m = 3.262 ly

astronomical unit, au 149.6e9 m

light-year, ly 0.946e16 m = 0.307 pc

fine structure constant e^2/(4pi eps0)/hbar c 0.00730 = 1/137.04

wavelength-energy h c 1.24 eV μm


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34

