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What would it look like
if you were there?
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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)
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week ending
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GW151226: Observation of Gravitational Waves from a 22-Solar-Mass Binary
Black Hole Coalescence

B.P. Abbott et al.’

(LIGO Scientific Collaboration and Virgo Collaboration)
(Received 31 May 2016; published 15 June 2016)
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| Detection statistics

20 30 40 5o > 50

Search Result
— Search Background
— Background excluding GW150914
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Parameters of the BBH
systems
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Known stellar-mass
black holes
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Summary: Binary Bllack Hole Mergers in the first
| ‘ Advanced LIGO Observing Run
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Target strain sensitivity

Advanced LIGO Advanced Virgo
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Strain sensitivity
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—— Measured noise SRCL control
Quantum noise Angular controls

— Dark noise Output jitter

—— Seismic+Newtonian Suspension damping

—— Thermal noise Suspension actuation |
Gas noise — Expected noise
MICH control
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Squeezed filmidamp'ing /
Gas damping

Reaction Main

Impacts in the gap, 10s MC

LIGO-G1400964 . Lin View onto test mass 'through' reaction mass
' : | LI\GO—T0900582
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x Or no reaction mass?
— Radiation pressure actuation?

- -- possibly too weak for lock acquisition
v‘ -

Possible solutions

Gas Damping of aLIGO ETM
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T "~ From O1 to 02
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LIGO
Hanford, WA

From O1 to 02

* Power increase from 25 to 50W 7

« Requires dampmg of parametric instabilities (5 o more modes)

» - Requires work on alignment systems and thermal compensatlon
+ New PDs for better readout efﬁClency 5

» Fixes .
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‘ | Higher' power

Parametric;instabilities: Need damping ~ A .

Mechanical Mode

U | Arm Cavity
Field

Resonant
Scattered .

Radiation
Pressure




From O1 {0 02

v'J

" ITMY compensation plate exchanged |
JBounce-Roll mode dampers for suspension - * - 4
- . Installation of more baffles (BS: SR2) |

» Improvément of output Faraday isolator

« Heater element to improve mode-matching (SR3)

* New PDs for better readout efficiency
 New ISS in-vacuum sensing array

. * Fixes .
- Laser problems; so only 25W for
~start of O2 :
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e Laser intensity noise

PD 5-8, 2.loop off

PD 5-8 out-of loop, with IOT2L table PD B in-loop
PD 5-8 out-of-loop, with PD1-4 in-loop

PD 1-4 in-loop

RIN / sqrt(Hz)
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*Avg=50 BW=0.749988

In-loop PDs from air to vacuum




Future observing runs

lJan 1Jan 1Jan 1Jan 1Jan 1Jan 1Jan 1Jan 1Jan 1 Jan 1 Jan
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
Time

2015—2016 (O1) A four-month run (beginning 18 September 2015 and ending 12 January 2016)
with the two-detector HI1L1 network at early aLIGO sensitivity (4080 Mpc BNS range).

2016 —2017 (O2) A six-month run with H1L1 at 80120 Mpc and V1 at 20-60 Mpc.

2017—-2018 (O3) A nine-month run with H1L1 at 120-170 Mpc and V1 at 6085 Mpec.




‘Summary and outlook

« The LIGO and Vlrgs Collaborations have observed2-

" merging binary black hole systems* <.

.. Confirmation of the existence of black holes

- Demonstration of existence of binary stellar-mass BHs
“» No hints of violations of GR

 0O2run scheduleclto start this fall |
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