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Gravitational-wave searches
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Gravitational-wave searches
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Data quality noise rejection

} Noise events reduce §
. the significance of |

candidate events, | —>
hence reducing the §
sensitivity of the :
search ;

| Data quality
1 flags (for known |
§ noise sources) |

* Category 1 (CAT1): issue in the detector’s
performance, data badly contaminated.

* Category 2 (CAT2): instrumental or
environmental noise transients of known origin.



CAT2 examples

Possible raven pecks in EY microphone
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CAT2 examples

Microphone
corner

Microphone
X-end

‘N
X
p
Q
c
0
3
g
LL

0.050617

0.045857

Amplitude spectral density {(Counts / vHz) Normalized. _

0.041544

50

1,172,368,218 1,172,368,267
s=16,384Hz, s

https://alog.ligo-wa.caltech.edu/
al. OG/index.php?callRep=34547




CAT2 examples

Microphone
corner
Microphone
Y-end

Microphone
X-end

ﬁ
I
-
Q
S
Q
3
g
TR

0.050617

0.045857

Amplitude spectral density {(Counts / vHz) Normalized. _

0.041544
0 : 99 249 298
R b e e /2,308,317 1,172,368,367 1,172,368,416 1,172,368,466 1,172,368,516

https://alog.ligo-wa.caltech.edu/
al. OG/index.php?callRep=34547




CAT2 examples

\1"' V",“'f'w' JW"”J |"'; | ) NV”"V' W“”‘(r n ) ‘ W ,," M
'WH l M { Lm J‘ V) \' Jlnd}“ P\ M l ‘Jm %r ‘l h'n..f |

1
i
AT A \ ”
i‘t f; |] | r ,ﬂ “dh M’\ “V' JI ““ M ‘ ' i)w W(‘

‘\’H 11 L

it \HM' |

"I “

i A j | , A | “
] TR " i I ! ! |1‘! ‘\'; &H {W M M” ‘)n“
B it Lt | M p .h‘a )9 R
r )U f‘; | \ U |‘ _____

Wiw

y*lW

”\” ui .u \
f; i ”‘ ’d

w; | x ‘w HJ‘ f] ,Hr“n U
.lﬂ ‘ “‘m I! il @ HV\ ‘ w‘u | ‘r‘ w

N P k \' \
MHM t 1 199 ‘hd\}“ {1 ’IN

—Cb‘—
— e —
e ——

u w)u

-1l
66'
0
1,172,368,218

J’» 'l\I | n ﬂ "1 u1 Il

'Ill" H! HI ‘j IJ i ©oureaa X
14S 249 298

https://alog.ligo-wa.caltech.edu/
al. OG/index.php?callRep=34547



Hanford - ER10

25

1024 [

Frequency (Hz)
8
Normalized energy

0.0 . 0.5
Time (s)
Livingston
>
1024
20
512
&) ]
L &
g =
©
uC) 128 5
3 ]
g 10 g
= 2
- -0.125 0125
ﬁme (s)
Hanford
25
1024
0
E s
= 6 -
3 o
°
g &
i 2
s
3
Tnme (s)
Hanford
25
20
>
g
3
15¢
S
©
5
©
10
S
=
5
0
0.0
Time (s)
Livingston
25
2
I~ >
z 5
> Bg
v °
g k-
~ ] ]
g o g
S E

Tlme (s)

Livingston

25
20
H
0

Tnme (s)

1024

256

%

s
Normalized energy

Frequency (Hz)

Livingston
25
1024
20
N
-
; 15
)
=
[
3
o 10
[
£
s
5
0
0.2 -0.125 0.125
Tnme (s)
Hanford

%

Frequency (Hz)

0

0.0
Time (s)
Livingston
25
1024
2
512
¥
= -
0
S u
=3
o 10
v
<4
w
0.2 -0.125 0125
T|me (s)
Hanford

3
Normalized energy

Frequency (Hz)

0.0
Time (s)
Hanford
5
1024
)
512
]
= 6
- 15
2
o 128
> 10
@
=
I
5
0
-0.2 -0.125 0125
Tlme (s)
Livingston
25
2
N
=
S 15
o
c
[
g w0
(g
&
I
5
0
-0.25
Tlme (s)

8

]
Normalized energy

Normalized energy
Frequency (Hz)
Frequency (Hz)

S

Normalized energy

Normalized energy
Frequency (Hz)
Frequency (Hz)

5
Normalized energy

Normalized energy
Frequency (Hz)
Frequency (Hz)

5
Normalized energy

Frequency (Hz)

Normalized energy

Normalized energy
Frequency (Hz)
Frequency (Hz)

Normalized energy

Hanford

125
2
>
B
@
15c
g
°
]
5
0 g
S
2
s
)
: -0.125 0.125
Tlme (s)
Hanford
2
1024
20
512
>
8
=8 15 2
3
o
128 3
]
0 g
s
z
5
4 -0.125 0.125
ﬁme (s)
Hanford
25
- i/
’ >
| ©
] g
15 e
S
©
T
N
=
0 g
s
=
.
o
2.0 10 0.0 1.0 2.0
Time (s)
Hanford

Normalized energy

0.0
Time (s)

Hanford

Normalized energy

[

0.0
Time (s)

S. Bahaadini et al.,
Information Sciences 444, 172 (2018

Noise
transients
from
unknown
sources
(examples)



Gravitational-wave
sources

GRAVITATIO

‘ TIONSWELLEN
Deutschland o

N N N N N W W W W W W W W W

OO

O3 status

40
mi(Mg) M;(Mg)

GW170817 GW151226 GW170104  memmm GW170809  memmm GW150914 GW170729
GW170608 GW151012 GW170814 GW170818 GW170823

C
o
@

THE UNIVERSITY
OF BRITISH COLUMBIA




30

40

20

10

GW sources in 0O1-02

A
A A
; |
A J \
A
A
A
®
EM Neutron Stars
(]
.
¢ ‘ () ® .O ~ - ® ¢
. . ° [ ; .oc o ©
‘ .o.'oo'.O’.....‘ ....o.
- LIGO-Virgo Neutron Stars

LIGO-Virgo | Frank Elavsky | Northwestern



mmmm GW170817
mm GW170608

. GW151226
mwm GWI151012

80

s GW170104

mm GW170814

LIGO Scientific and Virgo Collaborations,
Phys. Rev. X 9, 031040 (2019)

1.0

0.8 -
I

S {

\U

0.6 -

04 T I | | I
20 40 60 80 100

M (Mg)

 GW170809
mm GW170818

 GW150914

mmm GW170729

mwm GW170823

Event m /Mgy my/My M/Mg Xeit ~ My/Mo ar  dp/Mpc z  AQ/deg?
GW150914 35.675] 30.6777 28.6717 —0.017515 63.17537 0.69100; 4407150 0.09100; 182
GW151012 23.2114% 13,67} 152721 0.05703) 35.671%% 0.671013 10807330 0.2170% 1523
GW151226 13.788 | 7.7722 | 8.9793  0.1879%) 20.57%F 0.741007 4501180 0.09100; 1033
r(}_vgljglpg 308777 20.0%5¢ 214778 —0.04f3;213_4_8._91j_-_5'0.66fg;?{‘_9_991:2;18_ 0207558 921
] ]
'GW170608; 11.0555 1 7.6734 | 7.9%03  0.0313%7  17.853410.6919%4 3207120 10.07:0%2 392
|Gw170729|50.2f}g§ 34.010:),  35.47%: 10.371921179.5713710.817007128401139910.49701) 1041
GW170809 35.078; 23.812) 249721 0.087517 56.3132 0.7010% 103071320 0.207005 _3(_)8_I
GW170814 30.613¢ 25275¢ 24111 0077017 532537 0727057 600550 0.127007 * 87
GW170817 1.4610-12 1.2710% 1.186105% 0.001)92 <28 <0.89 407 0.0170% 16 |
GW170818 35.47]3 26.7155 265777 —0.0970,7 59.473% 0.67 00 10601330 0.2175¢7 :_3_9_:
GW170823 39.5%25% 29.0787  29.273¢  0.097022 65.47191 0.7210% 1940750 0.35101° 1666

14




Xeff

Independent analyses (IAS)
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Independent analyses (2-OGC)

90 4
—— GW150914 - GW170729
80. GW170814 -- GW170608
GW170823 GW170121
—— GW170104 -~ GW170818
70- GW151226 GW170727
GW151012 GW170304
60 - GW170809 GW151205
©
s 50+
et
weN 40 A
30
20-
10
20 40 60 80 100
Src
mi“ (Mg)
A. H. Nitz et al.,

arxXiv:1910.05331

Xeff

0.6

0.4 -

0.2+

0.0

—-0.2-

_04.

—-0.61

20

60

M

80

Src
total

(Mo)

100

120

140

16



Independent analyses (2

OGC)

Date designation GPS time Pastro FAR™' (y) Det. ABBH PH pv  my- 2 Xeff Dy, (Mpc)
150914+09:50:45UTC  1126259462.43 > 0.999 > 10000 HL 111.71 19.7 13.4 - 35.413% 29.81“3_; —0.0410:13 4707159
170814+10:30:43UTC  1186741861.53 > 0.999 >10000 HL 61.58 9.3 13.8 - 304735 258%2% 0087013 5807130
170823+13:13:58UTC  1187529256.52 > 0.999 > 10000 HL 5943 6.3 9.2 - 407;57 288755 0.05793, 17501 %50
170104+10:11:58UTC  1167559936.60 > 0.999 >10000 HL 4732 9.1 9.9 - 31677% 19275, —0.0801% 9207320
151226+03:38:53UTC  1135136350.65 > 0.999 > 10000 HL  40.58 10.7 7.4 - 139779 76722  0.20970:77 4607150
151012+09:54:43UTC  1128678900.45 > 0.999 >10000 HL 2025 7.0 6.7 - 2247%*% 138731 —0.001022 990130
170809+08:28:21UTC  1186302519.76 > 0.999 8300 HL  43.34 6.6 107 - 352723 239731 0.061018  9got3l0
170729+18:56:29UTC  1185389807.33 > 0.999 4000 HL 19.16 7.5 7.1 - 5573 32110 0.317022 23001500
170608+02:01:16UTC ~ 1180922494.49 > 0.999 >910 HL 5512 125 87 - 116757 74735  0.08879213 3107130
170121+21:25:36UTC ~ 1169069154.58 > 0.999 210* HL 2386 51 89 - 33722 9257733  _0.17702% 1150790
170818+-02:25:09UTC  1187058327.09 > 0.999 51* HL 2142 44 94 - 36752 262757 —0.117023 9807330
1707274+01:04:30UTC  1185152688.03  0.994 180 HL 1584 45 6.9 - 41.671%% 3047%5  —0.05792> 220011500
170304+16:37:53UTC  1172680691.37 0.70 25 HL 1161 46 7.1 - 4497176 318795 0.117529 23001699
151205+19:55:25UTC  1133380542.42 0.53 61 HL 1097 58 48 - 677% 42118 0.14¥033 _3000£%500
T151217+03:47:49UTC  1134359286.35  0.26 15 HL 961 6.7 56 - 46723 82731 070015 T 1000F860
170201+11:03:12UTC  1169982210.74 0.24 16 HL 926 60 56 - 48713 13.1755  0.44792% 15307335
170425+05:53:34UTC ~ 1177134832.19 0.21 2 HL 942 51 58 - 4572 30111 —0.067525 260073990
151216+09:24:16UTC ~ 1134293073.19 0.18 1 HL 925 59 55 - 41718 14457, 051702, 1620%5;°
170202+13:56:57UTC  1170079035.73 0.13 06 HL 837 50 6.6 - 33%17 13.877 . —0.0617027 12201930
170104+21:58:40UTC  1167602338.72 0.12 03 HL 880 56 54 - 98749 44139 0.251939 460015300
170220+11:36:24UTC  1171625802.53 0.10 05 HL 843 44 52 - 69737 3114 0.281933 360013700
170123+20:16:42UTC  1169237820.55 0.08 04 HL 797 50 53 - 447% 28113 —0.127531 280077500
1510114+19:27:49UTC  1128626886.61 0.08 12  HL 845 49 66 - 51718 31113 0.091929 156011990
151216+18:49:30UTC  1134326987.60 0.07 03 HL 814 61 6.0 - 197784 3257132 0037028 500725
170721+05:55:13UTC ~ 1184651731.37 0.06 04 HL 776 66 51 - 317723 214733 _0.06192% 11601730
170403+23:06:11UTC  1175295989.23 0.03 07 HL 726 52 52 - 53%% 35113 —0.207935 250012190
170629+04:13:55UTC ~ 1182744853.11 0.02 06 HL 6.72 6.6 48 - 4972 7.375% 0737045 1880153
170620+-01:14:02UTC  1181956460.10 0.02 04 HL 6.18 5.7 51 - 2947132 179722  0.05102% 171071350
170801+23:28:19UTC  1185665317.35 - 04 LV 8.59 - 6.9 4.3 2397T12% 124747 —0.09192% 10701229
170818+09:34:45UTC"  1187084103.28 - .04 HV 8.40 6.5 - 44 55759 23112 0.06709% 310011700
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C. Capano et al.,
arXiv:1908.10352
(2019)
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Multi-messenger matrix

4 s s 5
%@ A D 3 n 3 Ky
?,0 o + 3 B |
S 3 <
e’ y— T z < [ < -
X /® \s|~ C = = @ = [ = = <
O ((\’b g 3 3 [ ~ B 2 B © Mpem (M)
((\ o I | a = - LS - rem C
— < =
=X F 3 £ F &
none for BH-BH < £ 3 : 9 BH-BH,
=4 z - NS-BH

E
prompt-collapse I
C
—
B
B

EM signature

stable NS A

>
:'ql Z |5 2'3 (i) (i) (i) (iv)  (v) (vi) (vii) (viii) (ix) chirp mass

GW signature

B. Margalit et al.,
arXiv:1904.11995 (2019) 21



O3 status (GraceDB)

47 un-retracted
candidates

Uncertain

Last update: 1
Jan. 28 2020 29

" 22 retracted
| candidates |
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BNS candidates in O3
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60°

LIGO Scientific and Virgo Collaborations,
arXiv:2001.01761 (2020)
60°

30°

Low-spin prior (x < 0.05) High-spin prior (x < 0.89)

Primary mass m1 1.62—-1.88 Mg 1.61-2.52 My
Secondary mass mo 1.45-1.69 M 1.12-1.68 Mg
Chirp mass M 1.441005 Mg 1.4410:95 Mg
Detector-frame chirp mass 1.486810 0005 Mg 1.487310-0008 Mo,
Mass ratio ma/m; 0.8- 1.0 04 - 1.0
Total mass Mot 3.3701 Mo 3.470% Mg
Effective inspiral spin parameter Xes 0.01310°0] 0.05810 55
Luminosity distance Dy, 161187 Mpc 159757 Mpc
Combined dimensionless tidal deformability A < 600 < 1100

24




LIGO Scientific and Virgo Collaborations,
arXiv:2001.01761 (2020)

Low-spin priors (|y| < 0.05)

Primary mass m;, 1.36-1.60 M,
N Secondary mass m, 1.17-1.36 M,
5 Chirp mass M 118870002 Mo
S Mass ratio m,/m; 0.7-1.0
~~ Total mass my, 2.741000M
Y—  Radiated energy E.,,q > ().O?_SM@C2
; Luminosity distance Dy 4()j§‘4 Mpc
(D  Viewing angle © < 55°
Using NGC 4993 location ) < 28°
Combined dimensionless tidal deformability A < 800
Dimensionless tidal deformability A(1.4M ) < 800
Low-spin prior (x < 0.05) High-spin prior (x < 0.89)
Primary mass m1 1.62—-1.88 Mg 1.61-2.52 My
Secondary mass mo 1.45-1.69 My 1.12—-1.68 M,
Chirp mass M 1.441005 Mg 1.4410:95 Mg
Detector-frame chirp mass 1.486810 0005 Mg 1.487310-0008 Mo,
Mass ratio ma/m; 0.8- 1.0 04 - 1.0
Total mass Mot 3.3701 Mo 3.470% Mg
Effective inspiral spin parameter Xes 0.01310°0] 0.05810 55
Luminosity distance Dy, 161187 Mpc 159757 Mpc
Combined dimensionless tidal deformability A < 600 < 1100

24
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NSBH candidates in O3

event ID: G347305
50% area: 7 deg?
90% area: 38 deg?

See talk by Nicholas Vieira
on EM follow-up later today

event |D: G347305

distance: 276+56 Mpc

0 416

Mpc

208 Mpc
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Burst candidate in O3

{ HLV: FAR 1 per 25 years |

50% area: 37 deg?
90% area: 403 deg?

|
12h
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Example retraction: S190518bb

BNS (75%), i _ EmE
May 18, 2019 GCN Circulars i \ 1 per 3.1557
S$S190518bb Terrestrial SEEENEEN RETRACTED
19:19:19 UTC Notices | VOE : years
(25%)

YNy yay,

TITLE: GCN CIRCULAR

NUMBER: 24591

SUBJECT: LIGO/Virgo S$190518bb: Retraction of GW compact binary merger candidate
DATE:  19/05/18 20:08:37 GMT

FROM: Geoffrey Mo at LIGO <geoffrey.mo€ligo.org>

H1:GDS-CALIB_STRAIN,reduced at 1242242379.923 with Q of 45.3
The LIGO Scientific Collaboration and the Virgo Collaboration report:

The trigger S190518bb is no longer considered to be a gravitational
wave signal.

The data in LIGO-Hanford was highly non-stationary leading up to the
reported trigger time.

s,

Frequency [Hz]
Normalized Energy

-60 -40 -20 0.\?‘2\0 40 60
Time [secon

Event at t=0 29

LIGO DCC: G1900994



O3 status (GraceDB)

Current O3 Schedule (LIGO-G1901531)

23-August-2019

2020

Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul

Mass gap
3
Commissioning break BurSt
Oct. 1 1500 UTC to Nov 1 1500 UTC 1
Virgo ER14 Terrestrial
3
Uncertain

KAGRA 03b ]

GEO ~70% observing mode

Engineering Runs (ERs),

possible GW alerts with human vetting Observing

Commissioning Downtime (no Data)
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Supernova GWs
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