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28 January 20l7 - The ~second Advanced LIGO run: began on .
‘November 30, 2616 and is. currently in progress. As of J-anuary 23

-_approxrmately 12 days+of Hanford-Livingston caoincident science data -

“have been collected, with a “scheduled break’ between December 22 i

2016 and January. 4, 2017. Average redch of the LIG,O networKk “for g
binary merger events have’ been around 70*Mpc for 1.4+1.4 Msun, 300

~Mpc- for 104410 Msun and” 700 Mpé&" for*éOtBO Msun mérgers Wlth -

.-'relatrve varratrons in trme of the order of 1D%
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So far 2 event candldates, |,dent|f|ed by onllne anaIyS|s*u3|ng a

Aoose false-alarm-rate thkeshold of one per month, have_been .

identified 5nd shared Wlﬂ* astronomers ~wha ghave' signed
of

- _memorand3
. “fellowup. A thofugh investigation of the data and offllne analysls are |n o

- progress results will be shared when available. PR

understandmg with LIGO+*and Vrrgo {o] observatlonal
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Graw;tatmnal waves

!
¥ - Fe . .
- -4 &

. . V\7hat are’ graVItatlonal Waves’7

-

— v

-‘f‘Why are‘ they'détec't‘ablg ndw?,-f i

- N s T
Lo g 2 . "

7’
-

“ What have we'learnt? - .
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Elnstem s.changlng attltude to
$g grawtatlonal Wayes

o —

’ - -3 o - >

$10 Schwalzshild: “ES glbtalso ke/ne g
Gr%wtat/onswell’en Welche L./ohtwellen analog Waren : Al

o~

'...s0 sieht man, daB A (d/e Ausstrahlung des i
Systems durch Grawtat/onswellen pro Zeltese/nhelo in-allén nur denkbaren ’

Féllen.einen praktisch verschwindenden Wert haben muB,” NEBrungsweise Integration
i der Feldglerchungen S/tzungsbenchte der Konlgllch PreuBlschen Akademie iar \4/issenschaften (Berlln) 1916 688 :
: » g -
I : ! - : b
- )18, ar * “Da aber meine damallge Darstellung des = itk
Gegenstandes nlcht genugend durchsichtig und ‘auflerdem durch éinen

bedauerllchen Reohenfehler \krunstaltet ISt, muB ich hier nochmals auf d/e

Angelégenhel tzur UCkkOmmeT) Sltzungsber/chte der Kon/gllch PreuBlschen Akadem/e 0] PR SR
W/ssenschaften (Berlin), 1916 154 : : _ & A o3 .
\ ~ s e s / ‘ : - -
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i ¥n -“Together W/th a young Collaborator oy
arnved at the lnterestlng result that gravitational waves ‘do not exist,: though
they hav@eerr assumed a certamty to the flrst app‘rox:mat/olﬁ

: -

alion lecture: “If you ask me whether there are grav:tat/onal

waves or not, | must answer that I do not know But itis-a hlghly 7nterest/ng .
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Vzha,b 0 Wave equatlon

- - Einsteiff guadrupole formula- h— '
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« - Daytime versus nighttime.
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Hanford Washmgton (Hl | megston Louisiana (Ll)
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Fig-1. (top) of LVC PRL 116 (2016) 6, 061102
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~ Post-Neywtonian expansion (2-2 phase)

Includes
PN order (amongst other things)

Kepler
Newtonian Gravity

0.5PN Zero in GR

OPN

Pericenter advance (cf zero)
PPN parameters Y,0,&

1PN

Spin-orbit couplings

1.5PN Gravitational tails (backscatter)

Spin-spin couplings
(Newtonian) quadrupole-monopole (GR BH)
(Newtonian) magnetic dipole-dipole (cf zero)

Tails of tails

(Newtonian) Adiabatic tidal deformations
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, Gravltatlenal Waveforms .
. Numerlcal relatmty e e
*elther flnlte dlfferencmg‘o«r spectral methods i
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_maps two body pTobIem to‘one body'problem vial effectwe :
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| comblnes pest Newtonlan msplral Wlth‘phenomenologlcai flt
-model ofﬂumerlcal S|mulauOns of late msplral.and merger and
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Source: Khan et al. PRD 93.(2046) 044007
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. Eventrate estimates
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- Il Late (2017-18, 120170 Mpc)
o1 |l Design (2019, 200 Mpc)

: BNS-optimized (215 Mpc)

N
]

e
(=)

—
|
[N

~
Pl
i
N
s
T
(]
e
3
N —
* =]
e
=
(=]
<
]
®n
o=
@
a
o
a
Ha
©
v
o
n

102
Frequency /Hz

-~

"

10
\ V1 , ! / ~ Vi , 01
i Fig 12 of LV _ “1606.04856 PRX6 0410.;[5 o

4

-



e : : Ea - # -

- - ra . -
. : 3 . ~ -
3 - . . A

_ X-ray.binaries masses and spin -

L3

Cyg X-1

—:—+—
GR51915+105

M33X-7 |

i |4u15‘43~4?

-|_GHCJ J1655-40

LMC X-1

e

o
£
o
W
L
L8]
A
S
[&]
L)
(]

1 XTE J1550-564
LMC X-3

T A 0620-00

10 1
Black hole mass in Af-




- -
s .
.. s . \

™

| X-ray +'GWnasses and spiris -

¥ - 4 i : ; 8 -

Cya X-1

“_1‘]" RS 7915105
33k

'|'4 15834

H | 7p3-322
RO J1g55-(

VT1510121

pistzEey
AE51226A GW150914B
WT151012B

TheE JE b(0-564 _
LMC K IWVT15101% GW150914A

-
]
=]
=
=
=
N
4
£
=
o
w
o
[e]
L
o
[&]
L
an]

]

30 40
Black hole mass in AJ-




T .o

e ) '. S : e Re « \ 2
\.\ ’. ‘- ‘> = -'V -‘ . . . |
. W ® . e o : £ MR
- P e ~ o L - T
»Astrophysics . . -
N o i goet V

o

s '. - . = : . 4 =y,
: ‘ i.‘__/“

., Fg,rmatlon “of heavy black holes dlrect coHapse’> |

\

4-
, .

s “Tlme {o merge from J:AU by GW alone o
. ~100x age of onlverse crommon envel,ope’7 :

» ,

. Forr"nat_'i‘on‘ of. biﬂary'stil-l, open . C-Ius\te'ro,r,f_i‘eld?; e
s ey . s . ‘ :

e solar masses per second

¥ Peak er]ergy flux ‘zoo

e

: " - / . =
: i = - Ko .4
2 il 158 -
¥ C- - - - 4 - - | Phg




-' . Non per.tUrbatrve pre 1eat|ng

i g

2 N i ‘.‘. L

-
- b o
- -
» L
- o 3 .

Other petentral aLIGO sources

‘ Neutron s,tars ~ trdally drsrUptrng
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T Inﬂatlonary partrcl’e gieductron

D‘eformed rotatrng neutron stars .
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2 Squeezed Ilght S e
r Helsenberg uncertalnty in amplltude phase '
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PRL 117, 110801 (2016) PHYSICAL REVIEW LETTERS 9 SEPTEMBER 2016

o

Detection of 15 dB Squeezed States of Light and their Application for the Absolute
Calibration of Photoelectric Quantum Efficiency

Henning Vahlbruch,” " Moritz Mehmet,"” Karsten Danzmann,' and Roman Schnabel'”
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HGO has det,ected grawtatlonal Waves
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" Abbott etal. “The basic physics of the binary black hble'hﬁerg‘"er .
- GW150914” arXiv:1608.01940, Annalen Phys. (2016) 041015 -

" 3 .-

» Abbott et'al: “Binary Black Hole Mergers-in thé first Advanced
- - LIGO Observing Run” arXiv: -16’Q’6.O§85_65:ERX\6‘ (2016) - ..
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:A-bbotut et arl_'}‘%‘fFr’ropé‘rtiés of the B'/:nary'Bla'ck-l—[ole ‘Me”rge‘r‘
- GW150914™arXiv: 1602.03840, PRL 116 (2016) 241102
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