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1.1 - Echoes search, WHY?

2015, September 14 th: detection of the
first gravitational wave (GW), GW150914.

Several GW detection by LIGO-Virgo-
KAGRA organisation:

« GWTC-1 (01,02 runs);

« GWTC-2 (03arun);

« GWTC-3(03brun);

83 (+6?) out of 89 detections are labelled
as binary black hole (BBH) coalescences.

Are we sure of it?
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.116.061102
https://journals.aps.org/prx/abstract/10.1103/PhysRevX.9.031040
https://journals.aps.org/prx/abstract/10.1103/PhysRevX.11.021053
https://arxiv.org/abs/2111.03606
https://www.ligo.org/detections/O3bcatalog/files/gwmerger-poster-white-md.jpg

1.2 - Echoes search, WHY?

Alternative models to BH: exotic compact objects (ECO).

( ex: Gravastars or Firewalls )

ECOs share a common feature.

Emission of GW pulses, called echoes, in the post-merger

ringdown phase of the coalescence.
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Matched waveform template with echoes

Credits:
J. Westerweck et al.
PhysRevD.97.124037 |
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WHY searching ECHOES?

Probe the general relativity (GR) theory.

Investigate exotic state of matter.



https://www.pnas.org/content/101/26/9545
https://link.springer.com/article/10.1007/JHEP02(2013)062
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.024023
https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1103%2FPhysRevD.97.124037&v=e9e027e1
https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1103%2FPhysRevD.97.124044&v=d3ec829e

2 - Echoes: state of the art

1 0 _'_l_-" i _’/
Several echoes searches were performed in past years __,./-f""" /"
4= 08 P e
o k g
« template searches; 5.7 /./'/ e
« Julian Westerweck et al. [PhysRevD.97.124037]; = = 0.6 7 g
o ) _ ) = = s Credits: Rico K. L. Lo et al.
« Injections’ faithfull reconstruction for strain > 10722; = ?@* ot [PhysRevD.99.084052]
i §S 0.4 AL
* RicoK.L.Loetal.[PhysRevD.99.084052]; 2 T ot
o R
ZE 0 N N R L Random guess
< = U ;
« unmodeled searches; S e — = Search (O1)
- KaWaTsang etal. [PhysRevD.98.024023]; 0.0 4k~ Search (Gaussmn)i
* signal decomposed using sine-Gaussian wavelets: 0.0 0.2 0.4 0.6 0.8 1.0
confident detection for snr>12. Fraction of IMR signals

misidentified as IMRE signals

IMR : Inspiral-Merger-Ringdown
IMRE : Inspiral-Merger-Ringdown-Echoes
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https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1103%2FPhysRevD.97.124037&v=e9e027e1
https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1103%2FPhysRevD.99.084052&v=4f09090b
https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1103%2FPhysRevD.98.024023&v=6df74b1a
https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1103%2FPhysRevD.99.084052&v=4f09090b

3.1 - Echoes: an unconstrained search

Likelthood 635 - di(ms) [7.8125:125] - dfthz) [4:64] - npix 158

400
| GW150914
WB - (on source) | :
Coherent Wave Burst (CWB) pipe"ne 300 b ................................................................... ................................................................... ............................ "
g r
 Unmodeled coherent search: 8 200 [ T 30
* noassumptions on the signal morphology. ;‘T i |
. L 20
« Constrained maximum likelihood approach oo
i 10
0 . 0
cWB flowchart 22 ra4 28
Time (sec) : GPS OFFSET = 1126259390.000
« Data conditioning i . .
o Single detector x[i] = h[i] + n[i];
* Whitening of the data (x[i])
) ] P(x|H,): probability of
* Pixelsselection
I L. i L=1 w ) having a signal.
« Likelihood maximization (L) Combined network = 108 P(x[Hy) )’

i P(x|Hy): probability of
* Post production cuts
the null hypothesis.
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https://gwburst.gitlab.io/documentation/latest/html/index.html
https://gwburst.gitlab.io/

magnitude

3.2 - Echoes: an unconstrained search

Method, science case: ECHOES

I CBC event detection I
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3.3 - Echoes: an unconstrained search

Method, science case: ECHOES

I CBC event detection I
I Follow-uesearch l

Injections

for target GW signal

E 15 :_ ............................. P .
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https://arxiv.org/abs/2107.03701
https://arxiv.org/abs/2107.03701v1

3.4 - Echoes: an unconstrained search

Main statistical parameters of the analysis:

Reconstructed energy: EPMW = yidet. gDixels o [i]?
EPMW

Coherence: ccPMW _ coh
(Eéoh +Enull")

Detection efficiency:

fraction of reconstructed events with

VEPMW > [E,, inthe LES study.

False alarm probability (FAP):

fraction of reconstructed events with

VEPMW > | [E,, inthe BGK study.

magnitude

N S R R
.GW150914 |

(off source)’
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Time (sec) : GPS OFFSET = 1126084790.000

Mimikers for echoes:

» double Sine Gaussian (eliptical) pulses
« frequency =140 Hz,

- Q=8.38,

« snr € [0,~ 10],

» damping factor y =0.5.
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4.1 - Echoes: results of the search

Det. Efficiency - PM study GWTC-1,2,3 results :
hrss @50% det. Eff. in PMW
| GW @ FAP 5% (hrss @ 50%) 10-23 03a & 03b
1 & 150014 279 +-0.02
|4 awi7o729 253 +-0.01
: GW170823 2.50 +- 0.02 LES search for O3:
0,8 & o 1800t « hrss @ 50% det.Eff.=~ 1.85-10"23Hz"1/2
| —4— Gw1g0521 1.81 +-0.01 N
Y I— Core o0t requiring a FAR = 18/year.
==' 06 : —h— GW191109_010717 1.85 +-0.01
W i aeeassy g All-sky short burst search O3:
e | GW200224_222234 1.74 +- 0.01 [
8 = » single Sine Gaussian (circular) with
0.4 IR __ / « frequency = 235 Hz,
i / . 0-100
0.2 st 7 A | *  hrss @ 50% det.Eff.=0.8 - 10"22Hz™1/2
L A ‘. | requiring a FAR = 0.01/year.
B | 0O3a & 03b: ~30% less in inj. hrss
o ) | - wrt01&02
107%°

Inj. hrss/ VHz
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GWTC-1,2,3 results — hrss @50% det. Eff. in PMW

# rec events with VEPMW > /E,, 01,02 and O3a & O3b
# total rec events

* Analysed events: detectable by cWB.

(hrssPMW) 10723
GWevent-01 & 02
@50% det. Eff. & 5% FAP.

« Little improvment in hrss*™" between 01 and O2 for

GW150914 (2.79 £ 0.02)
0 1 1Ci i 0

GW151012 (2.57 + 0.03) @50% detection efficiency with a FAP of 5%.
GW151226 (2.70 £ 0.03)
GW170104 (2.52£0.01) « Evident improvment in hrss™™%W between 02 and 03
o ULICOLE (202 = L0 for @50% detection efficiency with a FAP of 5%.
GW170729 (2.53 £0.01)
GW170809 (2.40 £0.02)

« CBC PE waveform model based on GWTC-2 and
GW170814 (2.51+0.02) _ _ -
GW170823 (2.50 + 0.02) GWTC-3 catalog to simulate CBC signals’ properties.
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https://journals.aps.org/prx/abstract/10.1103/PhysRevX.11.021053
https://arxiv.org/abs/2111.03606

GWTC-1,2,3 results — hrss @50% det. Eff. in PMW

(hrssPMW) 10723
GW event-03a
@50% det. Eff. & 5% FAP.

GW190408_181802 (1.82 +0.01) (hrss™%) 1023
GW190412 (1.82 + 0.01) @50% det. Eff. & 5% FAP.
GW190512_180714 (1.69 + 0.02) GW191109_010717 (1.85 £ 0.01)
GW190513 205428 (1.83 + 0.02) GW191204_171526 (2.05 £ 0.05)
GW190517 055101 (1.80 + 0.02) GW191215_223052 (1.69 +0.02)
GW190519 153544 (1.84 4+ 0.01) GW191222_ 033537 (1.82 +£0.02)
GW190521 (1.81 4+ 0.01) GW191230 180458 (1.77 £ 0.08)
GW190521_074359 (1.73 £ 0.01) GW200219_094415 (1.75 £ 0.07)
GW190602_175927 (1.98 + 0.4) GW200224 222234 (1.74 + 0.01)
GW190701_203306 (1.84 £ 0.01) GW200225_060421 (1.89 £ 0.04)
GW190706_222641 (1.82 + 0.01) GW200311_115853 (1.80 +0.01)
GW190828 063405 (1.82 £ 0.01)
GW190915_ 235702 (1.88 £ 0.02)
GW190929 012149 (1.86 + 0.02)
GW190814 (1.82 £ 0.01)
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4.2 - Echoes: results of the search

FAP p-value ranking

0 3 - .
10 f oo "T‘-. On-source (0OS) GW events’ p valfje ranking for the H
: ..-.-." null hypothesis:
- _oo®®® GW190814
1 - GW150914
e | o
T ,/’ [ GW190521 # rec events with y EPMW > |[pEMW
8 10 1 ’,, ® oo p—value HO B # total rec events
n - ] 7 e
S ; ,/’ ! IR evaluated over the BGK study distribution.
. / + _..—-"——‘—-
% / N f""-
(e / v .
= ° _- Results:
L -~ .
o + g * Suspicious events.
-] 2 /’
™ 107° 1 ’ « GWI190701
> 1 @ y. -== DR =90%
o .
II - == FAP: 50% GW200224
'+ ® FAP: on-source » No other candidates provide warnings.
® FAP: on-source - 32Hz sub
i GW190701_203306 ® FAP: on-source - frames
10-3 * GW200224 222234 : : : : : * Greendots: only 4096s around GW event.

10 15 20 25 30 35 «  Violet dots: using the 32Hz mitigation plugin.
Events number
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4.3 - Echoes: results of the search

GWTC-2:
FAP p-value ranking R. Abbott et al. Phys.
100 4 eod Ve Rev. D 103, 122002
: —o0® | ? TABLE X. R it
i v . Results of search for GW echoes. A positive value of .
1 _ ._.-.‘. "-. 4 GwW190814 the log Bayes factor log,, Bik" indicates a preference for the IMRE GWTC-3:
1 - model over the IMR model, while a negative value of the log Bayes VA
] - ?"". o0 ] GW150914 factor suggests instead a preference for the IMR model over the IMRE arXiv:2112.06861v1
-
P model.
T - 7 e GW190521 Even log BN |_Bvent o . .
e 7 == Null hypothesis 7
o /7 000 GW150914 ~0.57 GW170809 —0.22 Mhs l ’
bt 10~ ,’ - GW151226 ~0.08 GW170814 ~0.49 - EASUTEmeN
o ] ’ ————— GW 170104 -053 | GWI70818 -0.62 0.8 e
-_— w
o) ) / o —— GW 170608 ~044 | GWI70823 —034 = e
— i — - %': rd
a . o~ GW190408_181802 -0.93 GW190706_222641 -0.10 LH Vg
T / — GW190412 ~130 | GWI90707-093326 008 © L’
< - = 0.6+
L 1 /7 P GW190421213856 0.1 GW190708232457 087 & e
S i -~ = GW190503_185404 -0.36 GW190720_000836 -0.45 E ,I
Y= + /I - GW190512_180714 -0.56 GW190727_060333 0.01 ‘-’: s
g y GW190513205428  —0.03 GW 190728 064510 001 £ 4l e’
—_— 10—2 . // GW190517_055101 0.16 GW190828_063405 0.10 4__5“:: ’
‘g ] / ——— D R = 90% GW190519_153544 -0.10 GW190828_065509 -0.01 E 4
é_ ] . ,’ GW 190521 -1.82 GW190910_112807 -0.22 8 P
| -== FAP: 50% GW190521_074359 —072 GW100915_235702 0.17 0.2 ”
b 7 . GW190602_175927 0.13 GW190924_021846 -0.03 //
1 ® FAP: on-source GW190630_185205 0.08 e
] ® FAP: on-source - 32Hz sub 0,042 | | | |
0.0 0.2 0.4 0.6 0.8 1.0
*i‘_ GW190701_203306 ® FAP: on-source - frames pvelue
- GW200224 222234
1 0 3 1 1 1 1 1 1 L)
0 5 10 15 20 25 30 35 - FIG. 15. Results of the echoes analysis (Sec. VIII B). Plot of fraction
Ag reement wi th of events for which the echoes signal-to-noise p-value is less than or

Events number

LIGO-Virgo testing GR

results

GRASS2022 - Andrea Miani, coherentWaveBurst (c(WB) group

equal to the abscissa. The light-blue band represents the 90% credible
interval of the observed p-values, while the diagonal dashed line is
expectation from the null hypothesis. The light-gray band around
the diagonal line represents the 90% uncertainty band of the null

hypothesis.
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https://arxiv.org/abs/2112.06861v1
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.103.122002

4.4 - Echoes: results of the search

Injected hrss. VS Reconstructed snr. 95% confident belt
5 0 1X10_21/\/HZ
D — ..
*8' Preliminary result ++ 3 Sl : * Preliminary result for GW150914.
c GW150914 M ¥
2 5 i « Reconstructed snr: -> define the
= + S
A ¥ interval of hrss;,;; @ 95% confidence
e + .
* g 2l * | and set constraints over A or y
2 : ¥ parameters.
+ it &
r r Legend
+ X T T * * * On source snr -> compatible with null
s +* o
. + 95% lower and upper bounds hypo thesis.
o 95% confident belt
<
. L b | on s. max hrss inj.: 3.51 10-23 GWTC—2 and 3
I % g g
R g on s. min hrss inj.: 0.00 10-23 Threshold SanMw for a EAP =5%
I | SR ] Jisx] \L\ L1 ‘ | | I ‘ 1 | I | | | R | »
2 4 6 8 10 12 14 16 18 20 22 €[~ 2~ 3]
rec. snr
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5 - Conclusions

ROC - cc_th=0.5

. ili - 1 1 0, 1;
Capability to detect sub-thresholds burst signals with FAP < 5%. GW150914 4
Threshold snr®™W fora FAP =5% € [~ 2, ~ 3] | e | e
> e 05| |G e = y
0 /
» Detection efficiency even at very low SNR values. ol ’ F—
r- ] 2 - snr FAP Det.Eff.
« Capability to recover fundamental echo morphological parameters g = 2050 0130 0.460
o
) y 3.050 0.069 0.436
(A' techor Atechos Y)- i // 4.050 0.041 0.420
y 5.050 0.021 0.405
) 6.050 0.010 0.375
/,,’ —On.S. FAP=0.819  snr=0.375
| Rnd. Gss.
i . i . 10—2 L1l I I 1 S| RS S ]
«  GW190701: its PMW energy excess can be classified as a noise feature in the data. 10°° i 107" 1
False Alarm Probability
* With the 32Hz plugin p-value noise well above the discovery rate (DR) of 90%.
L0 e — =
«  GW200224: its PMW energy excess can be classified as a noise feature in the data. . e
* Inconsistent p-values from the standard and the 4096s LES searches are :jm ol
meE - e
st . : : - == -~
pointing to systematic errors in the cWB background estimation when on- 2% o L
=3 o
source time includes such peculiar noise features. £ ., O Random guess
=g e —-—=+ Search (O1)
0.0 7 —— Search (Gaussian)
0.0 0.2 0.4 O.I6 O.'S 1.IO
GRASS2022 - Andrea Miani, coherentWaveBurst (cWB) group Fraction of IMR signals 16
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2015, September 14 th: detection of the
first gravitational wave (GW),

GW150914.

Several GW detection by LIGO-Virgo-
KAGRA organisation:

« GWTC-1 (01, O2 runs);

« GWTC-2 (O3arun);

« GWTC-3(03brun);

83 (+67?) out of 89 detections are labelled
as binary black hole (BBH) coalescences.

Are we sure of it?

in the Stellar Graveyard

Ha go-KAGRA |

Credit: LIGO-Virgo/Aaron Geller/Northwestern


https://www.ligo.org/detections/O3bcatalog/files/GWTC-3_no_EM_date_order.png
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.116.061102
https://journals.aps.org/prx/abstract/10.1103/PhysRevX.9.031040
https://journals.aps.org/prx/abstract/10.1103/PhysRevX.11.021053
https://arxiv.org/abs/2111.03606

1.2 - Echoes search, WHY?

Several alternative models to BH,
generally referred as exotic
compact objects (ECO), such as

Gravastars or Firewalls.

ECOs share a common feature.

Emission of GW pulses, called

echoes, in the post-merger

ringdown phase of the coalescence.

Strain

GRASS2022 -

Matched waveform template with echoes

Credits:
J. Westerweck et al.
A PhysRevD.97.124037

N}A/wtvw”wr

(ko Atecho Atecho Atecho

— tmerger)

t
trgtgrger telcho

Time

N

1

horizon  angular
momentum
barrier

Andrea Miani, coherentWaveBurst (c(WB) group

« Multiple reflection of ingoing

GW signal.
« Horizon replaced by a surface of

different nature.

Ad echo

1stecho

custom-design .
& Credits:

120INg
Q. Wang et al.

) y wavepacket
horizon wall angular PhysRevD.97.124044

momentum
barrier
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https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1103%2FPhysRevD.97.124044&v=d3ec829e
https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1103%2FPhysRevD.97.124037&v=e9e027e1
https://www.pnas.org/content/101/26/9545
https://link.springer.com/article/10.1007/JHEP02(2013)062
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.024023

1.2 - Echoes search, WHY?

Alternative models to BH: exotic compact objects (ECO). Matched waveform template with echoes
; . Credits:
( ex: Gravastars or Firewalls ) | Westerweck et al.
A PhysRevD.97.124037 |

ECOs share a common feature.

Strain

d&*ymvw”w

Emission of GW pulses, called echoes, in the post-merger

ringdown phase of the coalescence.

- - (tEL‘D

t
]
tmgrger telcho

time delay between subsequent echoes

Time
* n->related to the nature of the ECO;
Atecho .
* M->remnant mass of the final ECO;
« |->radius lengh correction to the BH horizon; WHY searching ECHOES?
techo time of the first echo signal « Probe the general relativity (GR) theory.
Y amplitude damping factor of echoes « Investigate exotic state of matter.
A relative amplitude of the first echo wrt the CBC signal.

GRASS2022 - Andrea Miani, coherentWaveBurst (c(WB) group 21


https://www.pnas.org/content/101/26/9545
https://link.springer.com/article/10.1007/JHEP02(2013)062
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.98.024023
https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1103%2FPhysRevD.97.124037&v=e9e027e1

1.3 - Echoes search, WHY?

Matched waveform template with echoes

Credits:
J. Westerweck et al.
PhysRevD.97.124037 |

d\*vw}vw”w&

Strain

ffecho Atecho Atecho Atecho

- tmergm‘)

t
0
tmgrger telcho

Time

WHY searching ECHOES?
Probe the general relativity (GR) theory.

Investigate exotic state of matter.

Il
(o]
Il
[y
| |
p—
| S

1
Atecho ~ NMlog (M) 1K M, C

time delay between subsequent echoes
« n->related to the nature of the ECO;

Atecho .
« M ->remnant mass of the final ECO;
« | ->radius lengh correction to the BH horizon;
techo time of the first echo signal
Y amplitude damping factor of echoes
A relative amplitude of the first echo wrt the CBC signal.

[1] V. Cardoso et al. PhysRevD.94.084031
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2 - Echoes: state of the art

=
u
i
l.

Several echoes searches were performed in past years

=
co
\
|
\
\

« template searches;
« Julian Westerweck et al. [PhysRevD.97.124037];
« Injections’ faithfull reconstruction for strain = 10722;
« RicoK.L.Loetal. [PhysRevD.99.084052];

=
D
\
\
\
\y

o IR Credits:
, Rico K. L. Lo et al.
[PhysRevD.99.084052]

<

o

\
\

S mm—— Random guess
e —-—+ Search (O1)

- —— Search (Gaussian
« unmodeled searches; ( ) _____

« KaWa Tsang et al. [PhysRevD.98.024023]; 0.0 0.2 0.4 0.6 0.8 1.0

Fraction of IMR signals
misidentified as IMRE signals

Fraction of IMRE signals
identified as IMRE signals
e
(\)
\\

=
o

« signal decomposed using sine-Gaussian wavelets:

confident detection for snr = 12.

IMR : Inspiral-Merger-Ringdown
IMRE : Inspiral-Merger-Ringdown-Echoes
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3.1 - Echoes: an unmodeled search

Likelihood 635 - di(ms) [7.8125:125] - df(hz) [4:64] - npix 158
400 -

GW150914
(on source):

Coherent Wave Burst (cWB) pipeline WB

300

* Unmodeled coherent search:

* noassumptions on the signal morphology.

200

Frequency (Hz)

« Constrained maximum likelihood approach

100

cWB flowchart 0

72.2 72.4 72.6

° Data Condltlonlng Time (sec) : GPS OFFSET = 1126259390.000

. . Single detector
* Whitening of the data (x[i])

_ _ = x[i] = h[i] + nl[i]; P(x|H,): probability
* Pixels selection . .
. of having a signal.
- Likelihood maximization (L)  Combined network .
ot broduct t L1 (p(x|H1)> P(x|Hp): probability
» Post production cuts =l0g| =+~ |’
P - S\P(xIHy) of the null
hypothesis.

GRASS2022 - Andrea Miani, coherentWaveBurst (c(WB) group 24


https://gwburst.gitlab.io/documentation/latest/html/index.html
https://gwburst.gitlab.io/

6.1 - Appendix: cWB likelihood

Ring-Down Box Cross || Plus
CoherentWaveBurst (cWB) pipeline: [ . ‘,/
« Unmodelled coherent search:
Delta
« no assumptions on the signal morphology. //
« Maximum likelihood approach / \
]
. Ring-Up
\‘\
t Line
x[i] = h[i] + n[i]; TF-Patterns
M
1 (x[i] - f[i])2>
P(x|H{) = 1_[ exp| —
( | 1) L /—2":0_ p( 2 g2

N
_ (P(xHY) Al (i) - &liD?
L""g(P(xIHo))‘Z (a,%[i]‘ o2[i] )

M
1 i12
patte) = | [ e (- 5 )
i=1
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cWB method: CBC follow-up

- ) E— O N . . S —
Method, science case: ECHOES GW150914 | PMW

I CBC event detection l 1
oW
I FoIIow-uesearch l L \L
st“d\] 0.5

magnitude

[
~ - W
|||||||||||||||||||T||||||||||||||||||||

_1 Coalescence,, .............................
Injections Backgro 15 : : | — W lndow_(PMW) _____
: (Boy nd Atpmw =1.0s
for target GW Slgnal GR -2 — I | I I I | | I | I I . e I | ........ II ........ I | ........ e
Study 60 60.2 60.4 60.6 60.8 61

Time (sec) : GPS OFFSET = 1126084790.000
g 15F
Lower internal é -

1
cWB thresholds -
Unmodeled oo F
LVC: O3 all- ; °E
triggered search for -
sky burst of NI
sub-threshold C
search o5 F
i - «features» C
Different whitening n
-1
arXiv:2107.03701v1 setu GRASS2022 - Andrea Miani, coherentWaveBurst{c\WER) 26
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GWTC-1,2,3 results — hrss @50% det. Eff. in PMW

Det. Efficiency - PM stuady All-sky short burst search O3:

a GW @ FAP 5% (hrss @ 50%) 10-23 03a & 03b i Single Sine Gaussian (CirCUIar) with
1+ 150914 2.79+-0.02 b4 T
i + GW170729 2.53 +- 0.01 ’ frequency =235 HZ’
: GW170823 2.50 +- 0.02 o Q =100
8H —h— GW190412 1.82 +- 0.01
e S « hrss @ 50% det.Eff.=0.8-10"22Hz"1/?
|| e Lt requiring a FAR = 0.01/year.
qq:' 06 —h— GW191109_010717 1.85 +- 0.01
w k- Gw191222 033537 1.82 +- 0.01
-oq—)'- = GW200224_222234 1.74 +- 0.01 LES search for O3:
O 0.4 ] , | » double Sine Gaussian (eliptical) with
i « frequency = 140 Hz,
02 - Q=8.8
B |  hrss @ 50% det.Eff. =~ 1.85 - 10" 23Hz~1/2
A | ; 0O3a & O3b: ~30% less ininj. hrss .
: requiring a FAR = 18/year.
0 L ] | - wrt01 & 02

Inj. hrss/ VHz
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Case of GW190701 — LH network

On-source (OS) event Likelihood

L1 - Spectrogram (y-log scale) H1 - Spectrogram (y-log scale) - ] 20

o —_— %10 - 1/EPMVV: 12.9 I
= - - rho[0]: 4.8 s

_ L 1° bump | | cc[0]: 0.57 I

;02 > & nf // 2°bump
£ 0.2 B / 5
. P Ve =i

1 I 1 1 1
168.6 168.8 169

168.6 168.8 169 0 0 Time (sec) : GPS OFFSET = 1246048236.000
X . 169.2 168.6 168.8 169 169.2
Time (sec) : GPS OFFSET = 1246048236.000 Time (sec) : GPS OFFSET = 1246048236.000 B
o Null =
LES standard search OS -LH - ccPMW: E Is
->p-value = 0.0015 + 0.0006 Without subtracting g o] s
LES 4096s search GW190701: i 4
->p-value =0.004 + 0.001 « all=0.73; - — ’
. 0 1 | 1 | 1 1 1 1 D
LES 32Hz plugin search « PMW=0.58; 168.6 168.9 169
Time (sec) : GPS OFFSET = 1246048236.000
-> p-value =0.024 + 0.002 GRASS2022 - Andrea Miani, coherentWaveBurst (cWB) group 28




Case of GW190701 — L detector

- OSsub.-Likelihood-LH _ OS sub. —Null - LH
* On-source (OS) LH analysis with best J
i EPMW:- 8 6 o B o 6
CBC PE subtracted (sub). > T _ 1*bump s b 1* bump
. E rno|0J: 3.6 / 20 bump , E / 20 bump
g @ | cc[0]:0.64 | / 7 0§ J/ 7 '
* On-source (OS) L anaIySiS ‘;':- 40 : L;;':- 40 :
« On-source (OS) L analysis with best CBC - . + ° . *. :

PE subtracted (sub). B C
1 Il Il 1 Il Il Il Il Il 1 1 Il 1 1 Il 1 1 Il 1 Il
0 168.4 168.6 168.8 169 ° ° 168.4 168.6 168.8 169 0
Time (sec) : GPS OFFSET = 1246048236.000 Time (sec) : GPS OFFSET = 1246048236.000

ok OS - Likelihood - L - , OS sub. - Likelihood - L
- - The PMW excess of energy in
w0 [ | +/EPMW.- 17 1 P JEPMw. 1, 20
L : ETTT 143 GW190701 can be classified as
A | st I , a noise feature in the data.
g’ . - I . g’ 1007 - - -
£ep £r With the 32Hz plugin its p-
B [ ' 10 C | . 10 . .
value noise is well above the
o | e o _
0 7168 ‘ ‘ 168.5 I I I I 169 ‘ ‘ ‘ I 169.5 ° ° _168 ‘ ‘ 168.5 I I ‘ ‘ 169 I I I I 169.5 0 dlscovery rate (DR) Of 90%.

Time (sec) : GPS OFFSET = 1246048236.000 Time (sec) : GPS OFFSET = 1246048236.000
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Frequency (Hz)

10

Case of GW200224 — LH network

On-source event

L1 - Spectrogram (y-log scale)

182.5 183 183.5
Time (sec) : GPS OFFSET = 1266617990.000

LES standard search

->p-value =0.0011 + 0.0004
LES 4096s search

->p-value =0.007 + 0.001
LES 32Hz plugin search

->p-value = 0.003 + 0.001

H1 — Spectrogram (y-log scale)

182.5 183 183.5
Time (sec) : GPS OFFSET = 1266617990.000

0.0t

0.0t

0.0t

0.0t

0.0t

0.0t

0.0

OS - LH - ccPMW:
Without subtracting
GW200224.

« all=0.89;
« PMW=0.70;

Frequency (Hz)

Frequency (Hz)
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[N]
(=]
=]

100

200

100

Likelihood

VEPMW:20.3
rho[0]: 12.8

cc[0]: 0.89

i

182.5

183

183.5

Time (sec) : GPS OFFSET = 1266617990.000

i

—

182.5

183

183.5

Time (sec) : GPS OFFSET = 1266617990.000
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Case of GW200224 — L detector

* On-source (OS) LH analysis with best NO on-source reconstruction
CBC PE subtracted (sub).

A 4

even with lower cWB thresholds
bpp =0.004 and subnet =0.1.

* On-source (OS) L analysis

* On-source (OS) L analysis with best CBC - The PMW excess of energy in
PE subtracted (sub). \ GW200224 can be labeled as a
noise feature of the data.
OS - Likelihood - L , ok OS sub. - Likelihood - L
| VEPW- 16,8 JEPMW- 14.3 « The inconsistency of p-values
g oo | “ ; “ between standard and 4096s LES
j j searches points to systematic errors
m & m 2 in cWB background estimation
] _m o when OS time includes such
T e e e peculiar noise features.

GRASS2022 - Andrea Miani, coherentWaveBurst (c(WB) group 31



GRASS2022 - Andrea Miani, coherentWaveBurst (c(WB) group

32



Case of GW190701 — LH network

On-source (OS) event Likelihood
L1 - Spectrogram (y-log scales) H1 - Spectrogram (y-log scales) - ] Izu
o —_— %10 - 1/EPMVV: 12.9
= - - rho[0]: 4.8 s
_ L 1° bump | | cc[0]: 0.57 I
%}mz 2 & oo // 2°bump
£ 0.2 B / 5
. ForEE =g

1 I 1 1 1
168.6 168.8 169

168.6 168.8 169 0 0 Time (sec) : GPS OFFSET = 1246048236.000
X . 169.2 168.6 168.8 169 169.2
Time (sec) : GPS OFFSET = 1246048236.000 Time (sec) : GPS OFFSET = 1246048236.000 B
o Null =
LES standard search OS -LH - ccPMW: E Is
->p-value = 0.0015 + 0.0006 Without subtracting g o] s
LES 4096s search GW190701: i 4
->p-value =0.004 + 0.001 « all=0.73; - — ’
. 0 1 | 1 | 1 1 1 1 D
LES 32Hz plugin search « PMW=0.58; 168.6 168.9 169
Time (sec) : GPS OFFSET = 1246048236.000
-> p-value =0.024 + 0.002 GRASS2022 - Andrea Miani, coherentWaveBurst (cWB) group 33




Case of GW190701 — L detector

- OSsub.-Likelihood-LH _ OS sub. —Null - LH
* On-source (OS) LH analysis with best J
i EPMW:- 8 6 o B o 6
CBC PE subtracted (sub). > T _ 1*bump s b 1* bump
. E rno|0J: 3.6 / 20 bump , E / 20 bump
g @ | cc[0]:0.64 | / 7 0§ J/ 7 '
* On-source (OS) L anaIySiS ‘;':- 40 : L;;':- 40 :
« On-source (OS) L analysis with best CBC - . + ° . *. :

PE subtracted (sub). B C
1 Il Il 1 Il Il Il Il Il 1 1 Il 1 1 Il 1 1 Il 1 Il
0 168.4 168.6 168.8 169 ° ° 168.4 168.6 168.8 169 0
Time (sec) : GPS OFFSET = 1246048236.000 Time (sec) : GPS OFFSET = 1246048236.000

ok OS - Likelihood - L - , OS sub. - Likelihood - L
- - The PMW excess of energy in
w0 [ | +/EPMW.- 17 1 P JEPMw. 1, 20
L : ETTT 143 GW190701 can be classified as
A | st I , a noise feature in the data.
g’ . - I . g’ 1007 - - -
£ep £r With the 32Hz plugin its p-
B [ ' 10 C | . 10 . .
value noise is well above the
o | e o _
0 7168 ‘ ‘ 168.5 I I I I 169 ‘ ‘ ‘ I 169.5 ° ° _168 ‘ ‘ 168.5 I I ‘ ‘ 169 I I I I 169.5 0 dlscovery rate (DR) Of 90%.

Time (sec) : GPS OFFSET = 1246048236.000 Time (sec) : GPS OFFSET = 1246048236.000
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Frequency (Hz)
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Case of GW200224 — LH network

On-source event

L1 - Spectrogram (y-log scales)

182.5 183 183.5
Time (sec) : GPS OFFSET = 1266617990.000

LES standard search

->p-value =0.0011 + 0.0004
LES 4096s search

->p-value =0.007 + 0.001
LES 32Hz plugin search

->p-value = 0.003 + 0.001

H1 - Spectrogram (y-log scales)

182.5 183 183.5
Time (sec) : GPS OFFSET = 1266617990.000

0.0t

0.0t

0.0t

0.0t

0.0t

0.0t

0.0

OS - LH - ccPMW:
Without subtracting
GW200224.

« all=0.89;
« PMW=0.70;

Frequency (Hz)

Frequency (Hz)
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[N]
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100
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Likelihood

VEPMW:20.3
rho[0]: 12.8

cc[0]: 0.89

i

182.5

183

183.5

Time (sec) : GPS OFFSET = 1266617990.000

i

—

182.5

183

183.5

Time (sec) : GPS OFFSET = 1266617990.000
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Case of GW200224 — L detector

* On-source (OS) LH analysis with best NO on-source reconstruction
CBC PE subtracted (sub).

A 4

even with lower cWB thresholds
bpp =0.004 and subnet =0.1.

* On-source (OS) L analysis

* On-source (OS) L analysis with best CBC - The PMW excess of energy in
PE subtracted (sub). \ GW200224 can be labeled as a
noise feature of the data.
OS - Likelihood - L , ok OS sub. - Likelihood - L
| VEPW- 16,8 JEPMW- 14.3 « The inconsistency of p-values
g oo | “ ; “ between standard and 4096s LES
j j searches points to systematic errors
m & m 2 in cWB background estimation
] _m o when OS time includes such
T e e e peculiar noise features.
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