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20 years of searches

2
=
o
>
3
Q.g
(A
=

initial enhanced



LIGO detectors >’ 4

LIGO Hanford, WA




O1 observing time

LIGO

LIGO observing time

O T — 1
i

Coinc

- =" | ~49days

Cumulative livetime [days]

W e T

Time [weeks] from 2015-09-18 15:00:00 UTC (1126623617.0)



O1 LIGO sensitivity

LIGO

Binary neutron star inspiral range
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Time [weeks] from 2015-09-18 00:00:00 UTC (1126569617.0)

range = distance up to which a binary neutron star merger can be detected with a signal-to-
noise ratio of 8, averaging over the position and orientation of the binary system.



O1 GW detections

LIGO

LVT151012

LVT151012
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Marginal signal (~20)

GW150914 GW151226

Long-lasting signal (~1s)
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First gravitational wave detection 2+1 binary black hole (BBH) mergers
The signal is off the charts ! were detected in O1 data




O1 - O2 upgrades

Advanced LIGO: 6 months of commissioning
. Increased laser power at Hanford (22W — 30W)

. Reduction of scattered-light noise at Livingston

Advanced Virgo upgrades
. New injection system. Input laser power = 14 W

. New mirrors: arm cavity finesse = 450

. Failure of fused silica suspension wires — steel wires
. New suspended detection benches

. March 2017: First lock of the interferometer
. End of July 2017: join O2



O1 - O2 upgrades

[1184112018-1184198418, state: Ready]

GEO-LIGO-Virgo gravitational-wave strain |[A(t)]
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Commissioning break
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O2 detections (LIGO only)

LIGO

Commissioning break

GW170104

1 BBH event detected by LIGO
In January 2017

-
- Phys Rev.Lett. 118 (2017) n0.22, 221101

LIGO
Hanford

Livingston

LIGO



O2 sensitivity (LIGO and Virgo)
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LIGO binary neutron star inspiral range
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O2 sensitivity (LIGO and Virgo)

Virgo LIGO
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O2 sensitivity (LIGO and Virgo)

Virgo LIGO

virgo BNS range: 2017/08/01 -> 2017/08/25 -- now: 2017/10/05 22:24:04 UTC

EEE Science: 85.08 % ® BNS range
[ Locking: 8.71 %
B Calibration: 1.86 % 30
B Maintenance: 1.28 %
[ Not locked: 1.26 % . e
B locked: 1.15 %
B Adjusting: 0.41 %
B Unknown: 0.25 % ' 20
5 15
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2017/08/02 2017/08/05 2017/08/08 2017/08/11 2017/08/14 2017/08/17 2017/08/20 2017/08/23 2017/08/26



O2 detections (LIGO and Virgo) L 15

Virgo LIGO

GW170814
\ , |

GW170817

LIGO
Livingston
LIGO
Livingston
Livingston

LIGO

BNS: see Eric Chassande-Mottin’s talk



BBH summary

O1
02
02
O1
02

GW150914

GW170814

GW170104

GW151226

GW170608

Total mass
(MSUH)

65.3"%)
55.9"%%
50.7+%
21.8*%

195

g=m2/ml
(M_ /M_ )

sun sun

29.1"37
36.2"%%
25.3"%°
30.5"3"
19.4%%3
31.2°%%
7.5%%3

+8.3
147%; 3.7

=2

12+7

=2

radiated
energy

Mg,
3.0°%°
2.7°0%
2.0°%%
1.0*%),

0.85*%%

effective
inspiral spin

—0.067%%
0.06*%%3

—0.12:%%
0.21*9%

0.0779%

redshift

0.09*00,

0 11+ 0.03

—0.04
0.1769%®
0.09*0%

0.0779%

SNR

23.7

15.0

13.3

13.0

13.0



Parameter estimation

Total mass g=m2/ml radiated effective redshift SNR
(M) M_,/M_) e(rll/lerg)y inspiral spin
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Full analysis of the data surrounding the event — coherent Bayesian analysis
— only input from searches: time of the event

— fully explore the parameter space

— include calibration uncertainty

8 intrinsic parameters (masses and spins)
9 extrinsic parameters (distance, position, orientation, coalescence time and phase)
Orbital ellipticity is neglected

C|SlSl
Gm

Frequency is redshifted — masses must be rescaled by a factor (1+z)

Dimensionless spin: a=



Parameter estimation

Total mass g=m2/ml radiated effective redshift SNR
(M) M_,/M_) energy inspiral spin
(MCIII"\)
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Inspiral phase: PN perturbative expansion (v/c)

Leading order — phase evolution driven by the chirp mass (tight constraints)
Next order - m2/ml and spins // L
Next orders — full spins

Late inspiral — merger — ringdown: numerical relativity waveforms
Late inspiral — total mass (+chirp mass + m1/m2) - individual masses
Ringdown - final BH mass and spin

Amplitude - distance



Parameter estimation

Total mass g=m2/ml radiated effective redshift SNR
(M) M_,/M_) energy inspiral spin
(MCIII"\)
0.3 T
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Inspiral phase:

Leading order
Next order
Next orders

PN perturbative expansion (v/c)

— phase evolution driven by the chirp mass (tight constraints)
- m2/ml and spins // L
— full spins

Late inspiral
Ringdown

Late inspiral — merger — ringdown: numerical relativity waveforms

- total mass (+chirp mass + m1/m?) - individual masses
- final BH mass and spin

Amplitude

— distance



GW150914 Phys.Rev.Lett. 116 (2016) no.GW

Total mass g=m2/ml radiated effective redshift SNR
(M) M, /M) energy inspiral spin
(Mg,)

+4.1 29.1%3, 0.5 0.14 0.03
GW150914 65-3_3,4 36.2°%2 3'Oto.4 - 0-06i0.14 0-09t0.04 23.7
Gwi7osl4 5597, @ D2 2.7°% 0067912 01170 15.0

+5.9 19.475 +0.6 +0.21 +0.078

GW170104 50.7°%, 3127 2.02, —0.127,3, 0.176; 74 13.3

5.9 7.5153 +0.1 +0.20 +0.03
GW151226 21.8i1_7 142753 1.0, 0.2177, 0.09Z4, 13.0

7+2

+5 == +0.07 +0.23 +0.03

SIAAGINE 197 127, 0.8577 0.07Z 40 0.07 .03 13.0

H1-DCS_CALIB_STRAIN_C02_OMICRON L1-DCS_CALIB_STRAIN_C02_OMICRON

LIGO-Hanford LIGO-Livingston

Frequency [Hz]
Frequency [Hz]

N o w ke 0 N 0 W

—

1126259462 1126259462.11126250462.2 1126259462.4 1126259468 5 1126259462 1126259462.11126259462.2 11262594624 11262594625
Loudest: GPS=1126259462.421, 1=132.733 Hz, snr=12.752 Time [s]

Loudest: GPS=1126250462.416, 1=157.965 Hz, snr=9.225 Time [s]

GW150914 : Most powerful and heaviest BBH event ever detected



GW170814 Phys.Rev.Lett. 119 (2017) no.14, 141104

Total mass g=m2/ml radiated effective redshift SNR
M) M /M) energy inspiral spin
(MSUH)
N 29.1*%7
GW1S0014 653y, S 3.0  —0.067%1  0.0973%; 23.7
Gwi70814 55973 = o 2.7°% 0067912 01170 15.0
+5.9 19.47%5 +0.6 +0.21 +0.078
GW170104 50.7°%, 31270 2.02, —0.127,3, 0.176; 74 13.3
5.9 7.5153 +0.1 +0.20 +0.03
GW151226 21.8“:1.7 142753 1.0, 0.2177, 0.09Z4, 13.0
+5 ié +0.07 +0.23 +0.03
GW170608 197 127, 0.8577 0.07Z 40 0.07 .03 13.0

H1-DCH_CLEAN_STRAIN_C02_OMICRON: Q=8.253 L1-DCH_CLEAN_STRAIN_C02_OMICRON: Q=8.253 V1-Hrec_hoft_V102Repro2A_16384Hz_OMICRON: Q=8.253

LIGO-Livingstqn

Frequency [Hz]
Frequency [Hz]
Frequency [Hz]

1186741860.8 1186741861 11867418613 1186741861.5 11867418678 1186741860.8 1186741861 1186741861.31186741861.5 11867418618 1186741860.8 1186741861 1186741861.3 1186741861.5 11867418678

Loudest: GPS=1186741861.530, 1=162.732 Hz, snr=5.797 Time [s] Loudest: GPS=1186741861.510, f=91.527 Hz, snr=8.291 Time [s] Loudest: GPS=1186741861.591, f=55.889 Hz, snr=5.573 Time [s]

GW170814 : First BBH event detected in Virgo data



Source localization Phys.Rev.Lett, 119 (2017) no.14W

Total mass g=m2/ml radiated effective redshift SNR
M) M /M) energy inspiral spin
(MSUH)
+4.1 20.1°, 0.5 0.14 0.03
GW150914 65-3_3,4 36.2°% 3'Oto.4 - 0-06i0.14 O-0910.04 23.7
3.4 25.3*%% 0.4 0.12 0.03
Gw170814  55.9"° o 2.77455 0.06",,  0.117 15.0
+5.9 19.47%5 +0.6 +0.21 +0.078
GW170104 50.7°%, 312 2.0_0_7 —0.12_0_30 0.176_0‘074 13.3
5.9 V5 +0.1 +0.20 +0.03
GW151226 21.8“:1.7 142753 1.0, 0.2177, 0.09Z4, 13.0
7+2
+5 =2 +0.07 +0.23 +0.03
GW170608 197 127, 0.8577 0.07Z 40 0.07 .03 13.0

3 detectors — triangulation using time
differences, phase differences and amplitude
ratios

~1000 deg? (LIGO)

~60 deg? (LIGO+Virgo)

I T I I I
D=0 250 500 750 1000
Mpe

Luminosity distance = 540", Mpc




GW polarizations

GW150914

GW170814

GW170104

GW151226

GW170608

Total mass

(MSUI’I)
65.3"%)
55.9%%%
50.7%%9
21.8%7

195

Phys.Rev.Lett. 119 (2017) no.14, 141104

SNR

g=m2/m1l
(M_ IM_ )

sun sun

29.1°37
36.2"%2
25.37%%
30.5%]
19.4"%3
31.2°%%
7.5%%3
14.2'%2

+2
=2

12+7

=2

radiated
energy

effective
inspiral spin

—0.06*%4
0.06*%%

—0.12:%%
0.217%%

0.07+92

redshift

0.09*%%
0.11°9%
0.176*%97
0.09°5%

0.07199

3 detectors — gravitational-wave polarizations

GR: 2 tensor degrees of freedom

23.7

15.0

13.3

13.0

13.0

Generic metric theories: combination of scalar, vector and tensor polarizations

== Project polarization onto the detector network

— test purely tensor, purely vector and purely scalar polarizations

‘ Bayes factor for purely tensor polarization: 200 (/vector) 1000 (/scalar)

See also

(stochastic background search)


http://arXiv.org/abs/arXiv:1802.10194

GW170104 Phys.Rev.Lett. 118 (2017) no.22, 221104

Total mass g=m2/ml radiated effective redshift SNR
M) M /M) energy inspiral spin
(MSUI’I)
N 29.1*%7
GW1S0014 653y, S 3.0  —0.067%1  0.0973%; 23.7
GW170814  55.9%%% i 2.7+04 0.067%12  0.11°°% 15.0
+5.9 19.47%5 +0.6 +0.21 +0.078
GW170104 50.7°%, 3127 2.02,, —0.127,3, 0.176; 4 13.3
5.9 7.5, +0.1 +0.20 +0.03
GW151226 21.8i1_7 142753 1.0, 0.2177, 0.09Z4, 13.0
7+2
+5 == +0.07 +0.23 +0.03
GW170608 197 127, 0.8577 0.07Z 40 0.07 .03 13.0

L1-DCH_CLEAN_STRAIN_C02_OMICRON: Q=11.387

LIGO-Livingston

Frequency [Hz]
Frequency [Hz]

1167559935.8 1167559936 1167559936.3 1167559936.51167559938.8 1167559935.8 1167559936 1167559936.3 1167559936.51167559938.8

Loudest: GPS=1167559936.594, 1=206.681 Hz, snr=5.544 Time [s] Loudest: GPS=1167559936.589, 1=102.467 Hz, snr=5.693 Time [s]



Testing GR Phys.Rev.Lett. 118 (2017) no.22_,W

Total mass g=m2/ml radiated effective redshift
M) M /M) energy inspiral spin
(MSUH)
. 29.1°37
owisools  653'% g 30T —006%Y  009%f
GW170814  55.9%%% i 2.7+04 0.067%12  0.11°°%
19.4733
GW170104  50.7%%9 12 2.0°0°  —0.12"%°0  0.176700°
+5.9 7.5 +0.1 +0.20 +0.03
GW151226 21.8777 142 1.0, 0.217:7%, 0.097,
+5 == +0.07 +0.23 +0.03
GW170608 197 127, 0.8577 0.07Z 40 0.07 .03

=2

Testing General Relativity

Modified dispersion relation (ex: LIV theories): E2:p2cz+ A%c”

massive graviton: a=0
multifractal theories: a=2.5
doubly special relativity: =3
extra-dimensions: a=4
Y a—2
— modified propagation velocity: —%= 1+( o— 1) AEZ
C

SNR

23.7

15.0

13.3

13.0

13.0



Testing GR Phys.Rev.Lett. 118 (2017) no.Z%W

Total mass g=m2/ml radiated effective redshift SNR
M) M /M) energy inspiral spin
(MSUH)
. 29.1°%
GW150914  65.3%%) 2 3.0%,;  —0.067%  0.097(7 23.7
Gwi7osl4 5597, @ D2 2.7°% 0067912 01170 15.0
19.4*5;39
Gwitolo4 50773 DT 2005 -042%%  0476%f% 133
5.9 7.5133 +0.1 +0.20 +0.03
GW151226 21.8“:1.7 142753 1.0, 0.2177, 0.09Z4, 13.0
+5 ié +0.07 +0.23 +0.03
GW170608 197 127, 0.8577 0.07Z 40 0.07 .03 13.0

=2

Testing General Relativity

Modified dispersion relation (ex: LIV theories): il @
1019}
v
~ extra term in the evolution of _ % P
the gravitational-wave phase o v vy &
- & vV O v &
— Upper limits on A = N v
a=0 A>0: limit on the graviton mass: 1020} O A0
V A<0

m,<7.7x10"*eV/c’

00 05 10 15 20 25 30 35 40



GW151226 Phys.Rev.Lett. 116 (2016) n0.24, 2411034

Total mass g=m2/ml radiated effective redshift SNR
M) M /M) energy inspiral spin
(MSUH)

+4.1 29.11%% 0.5 0.14 0.03
GW150914 65-3_3,4 36.2°%2 3-0\:0.4 - 0-06i0.14 0-0910.04 23.7
GW170814  55.9°% ;5)? 2.7+94 0.06*%2  0.11°9% 15.0

+5.9 19.47%5 +0.6 +0.21 +0.078

GW170104 50.7°%, 312 2.02, —0.127,3, 0.176; 74 13.3

5.9 7.5133 +0.1 +0.20 +0.03
GW151226  21.8"° 12253 1.0%;, 0.217:,  0.09" ., 13.0

7+2

+5 == +0.07 +0.23 +0.03

SIAAGINE 197 127, 0.8577 0.07Z 40 0.07 .03 13.0

L1-DCS_CALIB_STRAIN_C02_OMICRON: Q=21.676

LIGO-Livingston

Frequency [Hz]

1135136349 1135136349.5 1135136350 1135136350.5 11351363@1 1135136349 1135136349.5 1135136350 1135136350.5 11351363@1

Loudest: GPS=1135136350.369, f=56.312 Hz, snr=4.623 Time [g] Loudest: GPS=1135136350.642, =186.914 Hz, snr=4.342 Time [s]



GW151226 Phys.Rev.Lett. 116 (2016) n0.24, 241103

Total mass g=m2/ml radiated effective redshift SNR
(M_ ) (M_ IM_ ) ener inspiral spin
sun sun sun gy p p
(MSUH)
+4.1 29.15% +0.5 +0.14 +0.03
GW150914 65.3°3, 36272 3.02,7 —0.062, 4 0.092, 04 23.7
GW170814  55.9%%% i 2.7+04 0.067%12  0.11°°% 15.0
+5.9 19.47%5 +0.6 +0.21 +0.078
GW170104 50.7°%, 31270 2.02, —0.127,3, 0.176; 74 13.3
7.5
GWi51226 21.87; 14.2i§',3; 1.0%, 0.21%57 0.09% 5 0; 13.0
7+2
+5 == +0.07 +0.23 +0.03
SIAAGINE 197 127, 0.8577 0.07Z 40 0.07 .03 13.0
1.00 — Prior One of the initial black hole has spin
0.75 A — Posterior -
¥ o ~_tilt
0.50 4 . 084
% 0.00
_0.25- ] Vnsgnitudes =
~0.50 - O
~0.75 !
-1.00- 1
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GW151226 Phys.Rev. X6 (2016) no.4, 041015

Tntal mace n=m?2/m1 radiatad affective redshift SNR
et piral spin
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GW170608 Astrophys.J. 851 (2017) no.2, L3

Total mass g=m2/ml radiated effective redshift SNR
M) M /M) energy inspiral spin
(MSUI’I)
. 29.1*%7
GW1S0014 653y, S 3.0  —0.067%1  0.0973%; 23.7
GW170814  55.9%%% i 2.7+04 0.067%12  0.11°°% 15.0
+5.9 19.47%5 +0.6 +0.21 +0.078
GW170104 50.7°%, 3127 2.02, —0.127,3, 0.176; 74 13.3
5.9 7.5, +0.1 +0.20 +0.03
GW151226 21.8i1_7 142753 1.0, 0.2177, 0.09Z4, 13.0
7+2
+5 =2 +0.07 +0.23 +0.03
Gw170603 19—1 127, 0-85—0.17 O-07—0.09 0-07—0.03 13.0

L1-DCH_CLEAN_STRAIN_C02_OMICRON: Q=15.710

LIGO-Livingston

Frequency [Hz]
Frequency [Hz]

1180922492.6 1180922493.1 1180922493.6 1180922494 .1 1 18092249‘?.6
Loudest: GPS=1180922494.413, 1=98.914 Hz, snr=6.196 Time [s]

1180922492.6 1180922493.1 1180922493.6 1180922494 .1 11809224986
Loudest: GPS=1180922494.462, 1=130.532 Hz, snr=4.600 Time [s]

- low mass BHs, compatible with the known population of low-mass X-ray binaries



Online searches

Several GW searches are performed online:

— gstLAL.: gstreamer-based search for CBC signals

— pyCBC.: CBC search

— MBTA: CBC search running at Virgo

— coherent wave-burst: coherent search for unmodeled transient signals
— oLIB: coincident search for unmodeled transient signals

Latency:

+20s — |ocal data collection and h(t) reconstruction

+1s — data transfer to Caltech

+1s — data distribution to computing centers where analysis pipelines run
+30s - data analysis

+1s — submission to the trigger database (GraceDB)

- total ~ 1min to identify gravitational-wave events

+ ~1 h discussion before sending the alert



Online searches

GraceDB — Gravitational Wave Candidate Event Database

HOME | SEARCH CREATE REPORTS ‘ RSS ‘ LATEST | OPTIONS ‘ DOCUMENTATION | AUTHENTICATED AS: FLORENT ROBINET
Basic Info
UTcC ~ UTC ~
uIiD Labels Group Pipeline Search Instruments Event Time FAR (Hz) Links Submitted

G211117 H10K L10OK ADVOK EM_READY CBC gstlal HighMass H1,L1 2015-12-26 03:38:53 UTC 3.333e-11 Data 2015-12-26 03:40:00 UTC
Coinc Tables Single Inspiral Tables

IFO L1 H1
End Time (GPS) 1135136350.6478 s Channel GDS-CALIB_STRAIN GDS-CALIB_STRAIN

End Time (GPS) 1135136350.646883043 s 1135136350.647757924 s

Template Duration 2.25322770554 s 2.25322770554 s
Total Mass 26.3501 Mo Effective Distance 472.93436 Mpc 461.88879 Mpc

COA Phase 2.7356486 rad 0.13969257 rad
Chirp Mass 9.5548 M, Mass 1 19.924686 Mg 19.924686 Mg

Mass 2 6.4254546 Mg 6.4254546 Mg

n 0.18438664 0.18438664
SNR 11.7103 F Final 1024.0 Hz 1024.0 Hz

SNR 7.3947201 9.0802174

x2 1.0857431 1.0069774
False Alarm Probability 1.120e-04 X2 DOF 1 1

spinlz 0.33962944 0.33962944
Log Likelihood Ratio  22.5996 spin2z -0.1238557 -0.1238557
Neighbors [-5,+5]

uTC ~
uIiD Labels Group Pipeline Search Instruments Event Time Agpstime FAR (Hz) Links Submitted

G211182 Burst CWB2G AllSky H1,L1 2015-12-26 03:38:53 UTC -0.018658 Data 2015-12-26 09:44:37 UTC
G211115 CBC gstlal HighMass H1,L1 2015-12-26 03:38:53 UTC -0.007229 1.032e-09 Data 2015-12-26 03:39:59 UTC
G211118 CBC gstlal HighMass H1,L1 2015-12-26 03:38:53 UTC -0.000043 3.279e-08 Data 2015-12-26 03:40:00 UTC
G216856 CBC gstlal HighMass H1,L1 2015-12-26 03:38:53 UTC 0.000278 1.187e-12 Data 2016-01-15 14:31:22 UTC
G211116 CBC gstlal HighMass H1,L1 2015-12-26 03:38:53 UTC 0.000780 4.507e-09 Data 2015-12-26 03:40:00 UTC




Online searches

GraceDB — Gravitational Wave Candidate Event Database

HOME | SEARCH CREATE REPORTS ‘ RSS ‘ LATEST | OPTIONS ‘ DOCUMENTATION | AUTHENTICATED AS: FLORENT ROBINET
Basic Info
UTcC ~ UTC ~
uIiD Labels Group Pipeline Search Instruments i FAR (Hz) Links i

G211117 H10K L10OK ADVOK EM_READY CBC gstlal HighMass H1,L1 @?;(::‘b 3.333e-11 Da 2015-12-26 03:40:00 UTC
Coinec Tables Single Inspiral Tables Low-latency detection

IFO L1 H1
End Time (GPS) 1135136350.6478 s Channel GDS-CALIB_STRAIN GDS-CALIB_STRAIN

End Time (GPS) 1135136350.646883043 s 1135136350.647757924 s

Template Duration 2.25322770554 s 2.25322770554 s
Total Mass 26.3501 Mo Effective Distance 472.93436 Mpc 461.88879 Mpc

COA Phase 2.7356486 rad 0.13969257 rad
Chirp Mass 9.5548 M, Mass 1 19.924686 Mg 19.924686 Mg

Mass 2 6.4254546 Mg 6.4254546 Mg

n 0.18438664 0.18438664
SNR 11.7103 F Final 1024.0 Hz 1024.0 Hz

SNR 7.3947201 9.0802174

x2 1.0857431 1.0069774
False Alarm Probability 1.120e-04 X2 DOF 1 1

spinlz 0.33962944 0.33962944
Log Likelihood Ratio  22.5996 spin2z -0.1238557 -0.1238557
Neighbors [-5,+5]

uTC ~
uIiD Labels Group Pipeline Search Instruments Event Time Agpstime FAR (Hz) Links Submitted

G211182 Burst CWB2G AllSky H1,L1 2015-12-26 03:38:53 UTC -0.018658 Data 2015-12-26 09:44:37 UTC
G211115 CBC gstlal HighMass H1,L1 2015-12-26 03:38:53 UTC -0.007229 1.032e-09 Data 2015-12-26 03:39:59 UTC
G211118 CBC gstlal HighMass H1,L1 2015-12-26 03:38:53 UTC -0.000043 3.279e-08 Data 2015-12-26 03:40:00 UTC
G216856 CBC gstlal HighMass H1,L1 2015-12-26 03:38:53 UTC 0.000278 1.187e-12 Data 2016-01-15 14:31:22 UTC
G211116 CBC gstlal HighMass H1,L1 2015-12-26 03:38:53 UTC 0.000780 4.507e-09 Data 2015-12-26 03:40:00 UTC




Online searches

GraceDB — Gravitational Wave Candidate Event Database

HOME | SEARCH CREATE REPORTS ‘ RSS ‘ LATEST | OPTIONS ‘ DOCUMENTATION | AUTHENTICATED AS: FLORENT ROBINET
Basic Info
UTcC ~ UTC ~
uIiD Labels Group Pipeline Search Instruments Event Time FAR (Hz) Links Submitted

G211117 H10K L10OK ADVOK EM_READY CBC gstlal HighMass H1,L1 2015-12-26 03:38:53 UTC 3.333e-11 Data 2015-12-26 03:40:00 UTC
Coinc Tables Single Inspiral Tables

IFO L1 H1
End Time (GPS) 1135136350.6478 s Channel GDS-CALIB_STRAIN GDS-CALIB_STRAIN

End Time (GPS) 1135136350.646883043 s 1135136350.647757924 s

Template Duration 2.25322770554 s 2.25322770554 s
Total Mass 26.3501 Mo Effective Distance 472.93436 Mpc 461.88879 Mpc

COA Phase 2.7356486 rad 0.13969257 rad
Chirp Mass 9.5548 M, Mass 1 19.924686 Mg 19.924686 Mg

Mass 2 6.4254546 Mg 6.4254546 Mg

n 0.18438664 0.18438664
SNR 11.7103 F Final 1024.0 Hz 1024.0 Hz

SNR 7.3947201 9.0802174

x2 1.0857431 1.0069774
False Alarm Probability 1.120e-04 X2 DOF 1 1

spinlz 0.33962944 0.33962944
Log Likelihood Ratio  22.5996 spin2z -0.1238557 -0.1238557
Neighbors [-5,+5]

uTC ~
uIiD Labels Group Pipeline Search Instruments Event Time Agpstime FAR (Hz) Links Submitted

G211182 Burst CWB2G AllSky H1,L1 -12-26 03:38: -0.018658 Data 2015-12-26 09:44:37 UTC
G211115 CBC gstlal HighMass H1,L1 2015-12-26 03:38:53 UTC -0.007229 1.032e-09 Data 2015-12-26 03:39:59 UTC
G211118 CBC gstlal HighMass H1,L1 2015-12-26 03:38:53 UTC -0.000043 3.279e-08 Data 2015-12-26 03:40:00 UTC
G216856 CBC gstlal HighMass H1,L1 2015-12-26 03:38:53 UTC 0.000278 1.187e-12 Data 2016-01-15 14:31:22 UTC
G211116 CBC gstlal HighMass H1,L1 2015-12-26 03:38:53 UTC 0.000780 4.507e-09 Data 2015-12-26 03:40:00 UTC

\/
Multiple triggers



All-sky short bursts (O1)  Phys.Rev. D95 (2017) no.4, 042008#

Search for unmodeled and short GW signals
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All-sky long bursts (O1) Class.Quant.Grav. 35 (2018
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All-sky long bursts (O1) Class.Quant.Grav. 35 (2018
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GWs from cosmic strings (Ol1) Phys.Rev. D97 (2018) no.10, 102

Gravitational-wave bursts produced by cusps and kinks on a cosmic string loop
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Low-frequency continuous waves (O1) Phys.Rev. D96 (2017) nos# 122004 39

Search for periodic signals from isolated neutron stars
— Citizen project “Einstein@home”

v Powerflux O1 search
. m Time-domain F-stat O1 search
R, Sky Hough O1 search
= i + Frequency Hough O1 search
3 *-"- e Results from this search
o *
.o 5' o
. *
'oqp n, **.
H n * *
.
o} l.* &
o o *
iD:O 10_24 ] *#‘ o ; * |
£ o’.dj " Tt y L
N o 8
o%a,oo " i A\ { A
s i L 1
~. bW 5_ 'N-'._a,.?‘.‘g'_ :
oy & Fu .
tilh; ooo N * ****** ** **‘_":T.T-.‘!-"n_ﬂ
i . Tk * **:f
N~ e
I * Wk hk
10—25
20 30 40 50 60 70 80 90 100

search frequency (Hz)



Stochastic background (O1)

What powered the big bang?

Only gravitational waves can escape from
the earliest moments of the Big Bang

e Inflation
o B - i = (Big Bang plus 10% seconds?)
Big Bang plus -
10+ seconds —
- AT N5, distorted by seeds of structure
=, and gravitational waves

Big Bang plus
300,000 Years

:'J\ &
5.
waves

Big Bang piuq \-_. ¥

15 Billion Years

Gravits m m :1 l

Cosmic microwave background,

Phys.Rev.Lett. 118 (2017) no.12

O1 isotropic search:
Q. (25Hz)<1.7x107’
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Florent Robinet
Laboratoire de I'Accélérateur Linéaire
robinet@lal.in2p3.fr

Plans for O3

- O3 will start early 2019
- Improved sensitivity
— LIGO: ~120 Mpc
— Virgo: 60-85 Mpc
— Significant increase of detection rate (1 BBH per week?)

— Nominal 3-detectors online searches

— Open public alerts (CBCs and unmodeled bursts)

— automatic diagnotics (parameter estimation, sky maps, detector characterization, data quality)

— retractation ~1h

Third SVOM Scientific Workshop - May. 2018



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41

