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History

In 1945 - 16 Einslein J)ormuaat:d Cenera) RGD.(:L'I‘M‘IJ . Q/w - Qigjw_, R+ /\9/0 = %T;Ci;w

Scon a(%ef‘, he COIU"ec‘Fo/ed the exstenae O) wave golottons, but was uncertfained due Yo g ar@pac{t.
He wrele o Qotler 4o Schwarzschitd in 1946

“Since then [November 14] I have handled Newton's case differently, of course, according to the final
theory [the theory of General Relativity]. Thus there are no gravitational waves analogous to light waves. This
probably is also related to the one-sidedness of the sign of the scalar T, incidentally [this implies the
nonexistence of a “gravitational dipole”] [6].
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Jn 1936 he fried to pthisV\ o pager 4N ?hysicaﬂ Review that GW do not eqsh, ond the

rﬁyg;eg ( Robertsan ) Ig'ec\g:l &. So, Binstein set on a/\&?y lotter Yo the edior -

July 27, 1936

Dear Sir.

“We (Mr. Rosen and 1) had sent you our manuscript for publication and had not authorized you to show
it to specialists before it is printed. I see no reason to address the—in any case erroneous—comments of your
anonymous expert. On the basis of this incident I prefer to publish the paper elsewhere.”

Respectfully

Einstein

P.S. Mr. Rosen, who has left for the Soviet Union, has authorized me to represent him in this matter.
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“Note—The second part of this article was considerably altered by me after the departure to Russia of
Mr. Rosen as we had misinterpreted the results of our formula. I want to thank my colleague Professor
Robertson for their friendly help in clarifying the original error. I also thank Mr. Hoffmann your kind

assistance in translation.”
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In a letter to Victor Weisskopf, Feynman recalls the 1957 conference in Chapel Hill and says, “I
was surprised to find that a whole day of the conference was spent on this issue and that ‘experts’
were confused. That’s what happens when one is considering energy conservation tensors, etc.
instead of questioning, can waves do work?” [19].
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Tne Pest—Newtenian expangion ( PN)

Decompesicg the mefric and Tous in terms o v >
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dez M Jz de T e = 2 Feo ) =

The expPansion becomes:
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(1777 2.i OPN (Newton’s term)
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12.3 . Detection teclni quas
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GW reguire  phaton-based distance Mensuements o be deteded. We need Sometning thaf Fravels
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We con dso colcalate 4he power tected

P = Pysin’[gg + D (t)] = TU {1 = cos[2¢0 + 2A¢(t)]}

A@Yﬂich = A(fﬁi - Ad)u = 239":‘

) Py .
(AP)ow = —|sin 20| (Ad)mich

Nose and sens-JriuHa .
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}1({:) = DY hy (1)
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Then:
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12.4. Reent observahions (BH- BH, NS - NS)

BPH - BH
Fist detected by 26O in 2015

Tre S(tgnaﬂ [8\‘@:\) l})mw\ botih  LIGo defectors 'g
CS/M Nle) — A e S‘Dna& must &e detected g

by both detectors with o 4D ms éev_c? [g;wn
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The two LIGO detectors. The signals
have to appear in both of them!
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Kt o the daten (de{'erm«'ﬂtﬂfon s} the chiep masy) :

Linear fit of fc "3(t) from combined H1, 11 strain

A= & (2 ) ")

5
o 42 8/
. @ -8/ (3w)™ /G s
w § Jou (O = =) (tt)
o “ 4 _ S Cc
p g (tme czf Coa.k’scmce)
[ . 0 = 3{5
= = Cmqu )
g . 5 2 A — g — M = 30
g 2 £ (M +ma )5 = 90 Ne
£
1 * 2 Primary black hole mas 36 M
b ac dss
B 85 o -4
P ~ ace +4
” ® oun ;gg Secondary black hole mass 29 M
034 035 036 037 038 039 04 0N 042 043 1me ac ace +4
T Final black hole mass 62 M
Final black hole spin 0. 67‘8(‘)’;
d 4 G Haz o2 Luminosity distance 41()_}% Mpc
o
) S pe —_ Tift - ' mod +0.03
Dow N oo Source redshift z (-;- cmsmoQﬂ‘f cal o) 0.09:003
Overview 6nd Comporison cé) all G obssrvations
Masses in the Stellar Graveyard
in Solar Masses
o el o uiGo N/ 2U5EDi: Sis
)-Virgo Black e o
- @ 5 0©
° o ° o - e ® .
20 O ° o ° o
()
o ) () o onsene owsion ows1226 170104 owi70608
10 -~ Q90 o O — viviiml o I T
0%0 ® o © © @ BickHoe
5 2 o o ©° = . - . - »
Known Neutron Stars A 2 e 5 .
2 . . hd ¢ I s O LT . GW170729 W170809 GW170814 GW170818 Gw170823
! " lico ‘;:rgo Neutron S:ars
) v el ?
" Spin ~ O - dprimardial BH? ArXiv: 181112907
Event  m/Me m/Ms MM, Yer ~ Mi/Mo  ar  Ena/Moc®) fpea/(ergs™)  di/Mpe 2 AQ/deg?
GW150914 356735 306739 28.6°1% -001°013 63.135 06905  3.100%  3.6:05ix10% 430°5) 00905 179
GWI51012 233140 136741 152220 00403 357+ 06708 1503  32:08x10% 1060539 021:08 1555
GWI51226 137°%% 7732 89'03  0.182030 205%¢ 07407 1001 34°97x10% 44012 009°0% 1033
GW170104 31.0°72 20.1732  21.5°3 00434 49.1432 066700 22753 3.3:06x10% 96050 0.19°3% 924
GW170608 109433 7.6 7903 0033 17832 069°0% 0907  3594x10% 320118 007°9%2 3%
GW170729 50.6*165 343+, 35753 0367030 803145 081009 4817  42:92x10% 275013 04834 1033
GWI170809 35283 23832 250721 007216 564*32 070038 2706 35:06x10% 99032 020°0% 340
GW170814 307431 25329 242:14 00702 534:32 07200 27:04  37:04x10% 580°1 0.12:08 g7
GWI70817 146012 127:00 1186:0% 00022 <28 <089 >004 >0.1x10% 4070 0012% 16
GWI170818 355°73 26874 26731 -009°018 50.8+4% 067°00 2703 34:03x10% 102040 02008 39
GWI170823 39.6*1%° 29.4+43 29342 00822 65624 071°0% 3303  3.605x10% 1850730 034213 1651

TABLE III. Selected source parameters of the eleven confident detections. We report median values with 90% credible intervals that include
statistical errors, and systematic errors from averaging the results of two waveform models for BBHs. For GW 170817 credible intervals
and statistical errors are shown for IMRPhenomPv2NRT with low spin prior, while the sky area was computed from TaylorF2 samples. The

redshift for NGC 4993 from |

7] and its associated uncertainties were used to calculate source frame masses for GW170817. For BBH events

the redshift was calculated from the luminosity distance and assumed cosmology as discussed in Appendix B. The columns show source frame
component masses m; and chirp mass M, dimensionless effective aligned spin y.q. final source frame mass M, final spin a,, radiated energy
Eqqg. peak luminosity /pea. luminosity distance dy., redshift z and sky localization AQ. The sky localization is the area of the 90% credible
region. For GW 170817 we give conservative bounds on parameters of the final remnant discussed in Sec. V E.



Nenaer rate cj events [gpto Dec 2018) as o Punction o redshy)f

ArXiv: 1811.12940
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Low-spin priors (|y| <0.05)

High-spin priors (|y| <0.89)

Primary mass m; 1.36-1.60 M,
Secondary mass m; 1.17-1.36 M,
Chirp mass M LI88000M
Mass ratio m,/m; 0.7-1.0
Total mass my, 2,74:3:8;‘M N
Radiated energy E4 > 0.025M c?
Luminosity distance Dy 4():{‘_t Mpc
Viewing angle © < 55°
Using NGC 4993 location _ <28°
Combined dimensionless tidal deformability A <800

Dimensionless tidal deformability A(1.4M ) < 800

1.36-2.26 M,
0.86-1.36 M,
1.188709%M
0.4-1.0
282708 M,
> 0.025M c?
407}, Mpe
<56°
<28°
<700
< 1400




Other GW eperimets /defectors

The spectrum of gravitational wave astronomy
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12.5. Other is3ues
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