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PLANCK CMB (BLACK BACKGROUND)
http://www.esa.int/spaceinimages/Images/2013/04/Planck_CMB_black_background
Copyright ESA and the Planck Collaboration
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Hubble’s colourful view of the Universe
Credit:NASA, ESA, H. Teplitz and M. Rafelski (IPAC/Caltech), A. . . .
Koekemoer (STScl), R. Windhorst (Arizona State University), and Z. Levay http://www-utap.phys.s.u-tokyo.ac.jp/~suto/mypresentation_2017]
(STScl) -
http://www.spacetelescope.org/images/heic1411a/
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All truths are easy to understand

once they are discovered;
the point is to discover them.

Wale Telescope at the Palomar Observatory

- Galileo Galilei
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advanced LIGO(Laser Interferometer
Gravitational-Wave Observatory)

LIGO Livingston
https://www.ligo.caltech.edu/im
age/ligo20150731a
Ref.20171013

LIGO Hanford
https://www.ligo.caltech.edu/image/ligo2015
0731d

Ref.20171013
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Davide Castelvecchi& Alexandra Witze, "Einstein's gravitational waves found at last
LIGO ‘hears' space—time ripples produced by black-hole collision™

Nature News, Feb 11, 2016
http://www.nature.com/news/einstein-s-gravitational-waves-found-at-last-1.19361
How LIGO Caught a Wave
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B. P. Abbott et al. (LIGO Scientific Collaboration and Virgo Collaboration), "Observation of Gravitational Waves from a Binary Black Hole Merger"
Phys. Rev. Lett. 116, 061102 — Published 11 February 2016

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.116.061102

p. 061102-1
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|2d Selected for a Viewpoint in Physics
061102 (2016) PHYSICAL REVIEW LETTERS

S

Observation of Gravitational Waves from a Binary Black Hole Merger

B. P. Abbott et al.”

(LIGO Scientific Collaboration and Virgo Collaboration)
(Received 21 January 2016; published 11 February 2016)

On September 14, 2015 at 09:50:45 UTC the two detectors of the Laser Interferometer Gravitational-Wave
Observatory simultaneously observed a transient gravitational-wave signal. The signal sweeps upwards in
frequency from 35 to 250 Hz with a peak gravitational-wave strain of 1.0 x 1072, It matches the waveform
predicted by general relativity for the inspiral and merger of a pair of black holes and the ringdown of the
resulting single black hole. The signal was observed with a matched-filter signal-to-noise ratio of 24 and a
false alarm rate estimated to be less than 1 event per 203 000 years, equivalent to a significance greater

than 5.16. The source lies at a luminosity distance of 410f11§g Mpc corresponding to a redshift z = 0.09:3'32 ;

In the source frame, the initial black hole masses are 3677 M, and 297 M, and the final black hole mass is
6274 M, with 3.0702 M c? radiated in gravitational waves. All uncertainties define 90% credible intervals.
These observations demonstrate the existence of binary stellar-mass black hole systems. This is the first direct
detection of gravitational waves and the first observation of a binary black hole merger.
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B. P. Abbott et al. (LIGO Scientific Collaboration and Virgo Collaboration), “Observation of Gravitational Waves from a Binary Black Hole Merger” Phys. Rev. Lett. 116, 061102 — Published 11 February 2016
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.116.061102 p.061102-2 Figure 1

The gravitational-wave event GW150914 observed by the LIGO Hanford (H1, left column panels) and Livingston (L1, right column panels) detectors.
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B. P. Abbott et al. (LIGO Scientific Collaboration and Virgo Collaboration), “Observation of Gravitational Waves from a Binary Black Hole Merger” Phys. Rev. Lett. 116, 061102 — Published 11 February 2016
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.116.061102 p.061102-2 Figure 2
CCBY 3.0

|
Inspiral Merger

e/)o//sc

|I A,
na
R
|
[ | '

Nurmerical relativity

Reconstructed (template)
I I

| — Black hole separation
| === Black hole relative velocity

0.35 0.40
Time (s)

O N WM
Separation (Rg)

UTokyo Online Education T {ffiizEs 2017


http://creativecommons.org/licenses/by-nc-nd/4.0/

2017 /—RN)L¥YEFE

Rainer Weiss Barry C. Barish Kip S. Thorne

B - N T
oL AN

Photo by Michael Hauser from Wikimedia Commons
https://commons.wikimedia.org/wiki/File:Rainer_Weiss_-
_December_2006.jpg
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Photo by Keenan Pepper from Wikimedia Commons

Photo by R. Hahn from Wikimedia Commons https://commons.wikimedia.org/wiki/File:Kip_Thorne_at_Caltech.jpg
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m for decisive contributions to the LIGO
detector and the observation of

gravitational waves
https://www.nobelprize.org/
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Fig. 1. The four forces (or interactions) of Nature
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= If, In some cataclysm, all scientific knowledge were
to be destroyed, and only one sentence passed on to
the next generations of creatures, what statement
would contain the most information in the fewest
words? | believe it is the atomic hypothesis (or
atomic fact, or whatever you wish to call it) that all
things are made of atoms — little particles that move
around in perpetual motion, attracting each other
when they are a little distance apart, but repelling
upon being squeezed into one another. In that one
sentence you will see an enormous amount of
iInformation about the world, if just a little
Imagination and thinking are applied.

m The Feynman Lectures on Physics (1964) 1-2Matter is made of atoms

http://www.feynmanlectures.caltech.edu/
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