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Strain Noise [Hz~1/2]
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e 019/12/15-01/19/16: 2.9 detections
« O2 started 11/30/16, ongoing

 First results published June 1: GW170104, a 50

%

solar-mass BBH

LVC, PRL 118 (2017)




GW170104: THE NEW KID ON
THE BLOCK

&



GW170104 at a glance
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L0 . Hanford —— Livingston —— Model
Primary black hole mass m1 31.2155 Mg
Secondary black hole mass mo 19.4723 M
Total mass M 50.7729 Mg
Final black hole mass M; 48.775 1 Mg
Luminosity distance D, 8801559 Mpc
Source redshift z 0.181005
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Masses
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Spins
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Precession?

* Precession parameter not much
different than prior

 Little can be said about precession
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Where?
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Where?

GW170104

LVT151012
GW151226

> GW150914

'»82’ LSC/Leo Singer (Milky Way image: Axel Mellinger) B



BINARY BLACK HOLES TO DATE



First detection: GW150914

Hanford, Washington Livingston, Louisiana
I I | || 1 | I
1.0 “F :
0.5+ els R
0.0 M\ | .
-0.5F - F .
-1.0 |- - H— 1 observed -
[ — H1 obser‘:ed] i | i H1 obser:/ed (shifted, m\;ened) i

GW150914: the merger of two BHs
Final black hole M; =6215My  x; = 0.670-
Luminosity distance Dy = 41073 Mpc

% \VC arxiv:1602.03837



First detection: Massive binary
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First detection: Massive binary
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First detection: Massive binary
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First detection: Massive binary
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First detection: Massive binary
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First detection: A BH ringdown

* Most exciting thing about the first detection (to

me): observation of ringdown

| | | |

- H1 observed
|

% \VC arxiv:1602.03837



The ringdown of GW150914

* First detection of a BH ringdown

* Freq and decay of lowest overtone for ¢ = 2, m = 2
M
* Consistent with GR f 30 (ﬁ) kHz
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“Boxing Day” GW151226

Hanford Livingston

| | | | |
-1.0 -0.8 -0.6 -04 -0.2 00 -1.0 -0.8 -0.6 —-0.4 -0.2 0.0
Time (s) Time (s)

LVC, arXiv:1606.04856



Lowest mass BBH
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Spin and Boxing Day
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F  Credit: LSC

The signals so far
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Binary black holes so far
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Binary black holes so far
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TESTS OF GR AND ASTRO
IMPLICATIONS

&
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IMR consistency test
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Lorentz invariance test: back of
the envelope

New test for LIGO: modified dispersion of GWs
E? = p2? + Ap®c® = v, = (a—1)AE*"?/2
A has units of energy to some power
Natural energy scale:
hpf ~ hp250Hz ~ 1peV
Dispersion modifies phase as
D
g Yer
For 800 Mpc and 250Hz, v, ~ 5 x 1072°

oU ~ dv




Lorentz invariance test
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Black Holes of Known Mass
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BBH Rates

Rates based on 62.5 10! 3
days coincident running
(01 + 11 days in 02) R

g
~3.9 BBH detections ;:

12-213 Gpc3yr' (90% :
CL) e L

"
101 102

Rlog mass — 32+33GPC yr_l m1 (Mg)
Inferred (modeled) mass distribution

Rpower law = 103¥ g5’ Gpe ™ 2yr ™!

Power law index 2.35
LVC, PRL 118 (2017) 32



Formation channels

« Spin orientation a discriminator between binary
evolution and dynamical formation
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Part 4

OUTLOOK



Role for high mass ratio systems

. 02 is ongoing ff;s d

* IMBH search: masses Uix o o
to 10° M but g=0.1 54.5M, < L7d

 Below 100 M5 mass Nt il '
ratios ~ 0.01 55.00M0 »

° BUt mOdel]ng 1S pOOr eccentric BH+1\;S (P=33%)

above q ~ 1/8 B 1AM,
55.0M®.©

« BHNS may have low g
MERGER
(Marchant et al. 2017) (P=3.4%) @

Marchant et al. arXiv:1705.O473435



What’s up next?

* 02 is ongoing

Ahead: Virgo, O3, ...

* Binary neutron stars:
R <12,000 Gpe yr !

Binary black holes:
_ives of massive
Dinaries

 Precision tests of GR

2 LVC, arXiv:1607.07456
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Virgo arriving soon!

"82, LSC/Leo Singer (Milky Way image: Axel Mellinger)
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Virgo arriving soon!

GW170104 +vireo

“ VT151012 +vireo
GW151226 +vireo

GW150914 +vireo
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LSC/Leo Singer (Milky Way image: Axel Mellinger)



Detector network

. LIGO Hanford

.LlGO Livingston

Operational
Under Construction

Planned
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The future beyond aLIGO
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The future beyond aLIGO
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What’s next?
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