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Bar Al 5056 M = 2270 kg
L=291m F=0.6m
v,=935Hz @ T=3K
Cosmic ray detector

Bar Al 5056 M = 2270 kg
L=297m 2=0.6m
vi=916Hz @ T=3K
Cosmic ray detector

1999 - 2016

03/1999: Thesis Phgsic:s:” Ricerca di coincidenze con | dati dei
rivelatori di onde gravitazionai Explorer e Nautilus” ;
suPer\/isorS: G.Pizzella G.vittorio Pallottino

Q7/1999: fellowship INFN at the LNF in the Informatic-Electronic
09/2001 sector with the title: “Acquisition systems and data
Processing for gravitational wave detectors”.

development of a gorithms and data analgsis
for the search of bursts and continuous Gw signals;




v

1999 - 2016

09/200t1: research grant in the Universitg of Rome Tor Vergata

clevelopment o1C algorithms ancl clata analgsis For the search
of bursts and continuous GW signals;

Stuc19 of the correlation between GW detectors data and
gamma ray bursts (BATSE e BePPo Sax);

IGEC.: International Gravitational Event Collaboration

ALLEGRO (USA), AURIGA (Padova) e NIOBE (Australia),
EXPLORER (since 1991 at 2.6K) e NAUTILUS (0.14K);

Cosmic rays detection telescope (streamer tubes);

studg of the correlation of the data of the gravitational
detectors with cosmic rays;



09/2002 — 09/2007: first contract (art. 23) INFN Tor Vergata:
v Mg research work goes on with the Previous activities

v ryArS 2004-2009: RAP exPerimentz Rivelazione Acustica di Particelle

Rivelaziene
Acustica
di Particelle

Experimental Sefup

m 3

mL=
Niobium Bar

* 27.4x10cm, 18.4 kg
* v=6373Hz @ 290K

Monitor sensifivity = 1.4 107 e - * annealed, purity > 99%
. - o * 2 PZ24 ceramics in parallel
glued to the bottom center
e A~106V/m

Al 5056 Bar
* 50x18.1 cm, 34.1 kg
e v=5096 Hz @ 296 K
* 2 Pz24 ceramics in parallel
embedded in the bar
* A~107V/m




Sabrina D’Antonio.

Description and operation of the daga2-hf acquisition System
for gravitational wave detectors.

Laboratori Nazionali di Frascati dellINFN SIS-Pubblicazioni LNF-
00/006(IR),2001.

P. Astone, S. D’Antonio, G. Pizzella.

Time dispersion and efficiency of detection for signals in
Gravitational Wave Experiment.

Physical Review D,62 ,2000 (Impact Factor 4.922).

S.D’Antonio

The on-line data filters for Explorer and Nautilus.
Class.Quant.Gravity.19:1905-1910,2002 (Impact Factor 3.029).

—~-toT T =y =

Search for periodic gravitational sources with the Explorer de-
tector.

Phys. Rev. D 65 (2),2001 (Impact Factor 4.922).

All-sky upper limit for gravitational radiation from spinning
neutron stars.

Classical Quant. Grav. 20 (17), S665-S676, 2003, e-Print Archive: gr-

PR PREPNNN

P.Astone, G.D’Agostini, S.D’Antonio
Bayesan model comparison applied to the Explorer Nautilus
2001 data.

Class.Quant.Grav.20:5769-5784,2003 (Impact Factor 3.029).

Analysis of 3 years of data from the gravitational wave detec-
tors EXPLORER and NAUTILUS.
PhysRevD.87.082002.
P.Astone,C.Celsi,S.D’Antonio,A.Pai,GV Pallottino.
Response of resonant gravitational wave detectors to damped
sinusoid signals.

Class.Quant.Grav.24:1457-1477, 2007 (Impact Factor 3.029).

P.Astone, S.D’Antonio A.Pai.
Validating delta-filters for resonant bar detectors of improved

bandwidth forseeing the future coincidence with interferome-
ters.

Amaldi6 Okinawa Giappone, 2005.

First joint gravitational waves search by the Auriga-Explorer-
Nautilus-Virgo Collaboration.
Clas.Quant.Grav.25,2008 (Impact Factor 3.029).

Effect of cosmic rays on the resonant gravitational wave detec-
tor NAUTILUS at temperature 7T'= 1.5K.

Phys. Lett. B 540, 179-184, 2002, e-Print Archive: gr-qc/0206079 (Impact
Factor 5.083).

Particle Acoustic Detection in Gravitational Wave Aluminum
Resonant Antennas.

AstroParticle Physics 24, 65-74, 2005 (Impact Factor 4.136).

Acoustic detection of high-energy electrons in a superconduct-
ing Niobium resonant bar.

Europhys.Lett., 76, pp.987 993 ISSN: 0295-5075, 2006 (Impact Factor
RAP:thermoacustic detection at the DAPHNE beam test facil-
ity.

Classical Quant. Grav. 21 (5),:51197-S1201, 2004 (Impact Factor 3.029).
Experimental study of high energy electron interactions in a
superconducting aluminum alloy resonant bar.

Phys.Lett.A373:1801-1806,2009 |

Cumulative analysis of the association between the data of the
gravitational wave detectors NAUTILUS and EXPLORER and
the gamma ray bursts detected by BATSE and BeppoSAX.
Phys. Rev D. 71, 042001 ,2005 (Impact Factor 4.922).

Search for correlation between GRB’s detected by BeppoSAX

and gravitational wave detectors EXPLORER AND NAU-
TILUS.

Phys. Rev. D 66 (10), 2002, e-Print Archive: astro-ph/0206431 (Impact

PR

Methods and results of the IGEC search for burst gravitational
waves in the years 1997-2000.

Phys. Rev. D 68, 022001, 2003, e-Print Archive: astro-ph/0302482 (Im-
Results of the IGEC-2 search for gravitational wave bursts dur-
ing 2005.

Phys.Rev.D 76:102001,2007 (Impact Factor 4.922).

P. Astone et al.

IGEC2: A 17-month search for gravitational wave bursts in
2005-2007.

Phys.Rev. D82 022003 2010.
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L 2 Modeled waveforms. V'S Un‘mown waveycorms.

Long-lived

v detected

Transients




Mg main tol:)ic: CW signals

> Long-lived (Persistent in time) signals emitted in presence of a mass
uafrupole variable moment in a (almost)~Periodic way.
> Expectecl sources in LIGO-Virgo band involve compact objects like
neutron stars.
> The signal amplitucle is orders of magnitucle weaker than transient events
from black hole and neutron star mergers strain : O1028) vs O(102).

> Signal time duration is longer than the tgpical observational
times.
The Pcrsistent nature of CW will allow to make very accurate measures of the
source Pararnetcrs and to stucly ting effects over long times




What can we learn from a CW signal?

e Greatinterestin detecting GW
radiation: Phrgsics of such
starsis pooriy understood.
Interior Properties not understood:
cquation of state, suPcrﬂuiclitg,
suPerconcluctivitg, solid core,
source of magnetic field.

*——— ATMOSPHERE

ENVELOPE

* Constraints on:
— NS EQOS
— NS ellipticity
— NS mass

it accomPaniccl }33 EM observation either from a known Pulsar search or through
{:o"ow~up of unknown sources

fw=2f  staris Probablg a triaxial e“iPsoid

fw=2f components Proclucing EM and GW emission are not completelg coupled
(information on crust and core coupling of star)

.= /3 £, emission from r-modes is favoured information on interior fluid motion

9



Emission mechanisms for CW from s!:)inning NS
in the LIGO-VIRGO Frequency band

To emit CWs a NS must have some clegrce

of non-—axisgmmetrg originating from:

v deformation due to elastic stresses or
magnetic field;

v deformation due to matter accretion
(c.g. LMXB);

v free Prcccssion around rotation axis;

v excitation of long~|as’cing oscillations
v (eg r-modes);

R-modes in accreting
stars

Neutron star spins
at frequency f,f

il Spin axis precesses
. e with frequency f,

Magnctic mountains |

Low Mass X~Ray Binaries
Wobbling Neutron Star

Sabrina D'Antonio

10



For an isolated tri-axial non~Precc55ing neutron star emittin o at twice its
rotational {:rec]uencg:

[ 10kpe | f
10%kg-m* )\ d J\100Hz) {107

)
05107

£ - fractional difference among the

moments of inertia in the rotation
Plane.

€=107 corresponcls to a ‘mountain’ “10 cm ]nigl')l

To detect these signals we need to integrate over long times



GW Frequencg at the detector

Pulsar frequency in the Earth detector frame
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Frequency (and Phase) are modified
by the Doppler Effect due to the
orbital and rotational motion of
Farth

( clepend on the source Position).

> Annual variation: up to ~10~7
> Dailg variation: up to 7107

8 9 10 11 12

Spin-down:
due to the loss of energg (in some
cases a spin~up could be

Present) — Phase evolution
17/12/18 Sabrina D'Antonio




The detector response Procluce a splxt’cmg of the 51gna| Power
amongthe five angular Frequencxes w,w* () and wt 20,Q 1s the
Earth sidereal angular Frequencg

’H(Im mq'{" i hﬂ

M i -4 W

'UHUL

22??8105 22,3811 22.38115 22.3812 22.38125
f[Hz]

17/12/18 Sabrina D'Antonio



Continuous Waves Searches

Depencling on our knowleclge O?C the source Parameters t]'le impact on tlﬂe
needed comPuting resources is relevant and limits the sensitivitg of the
searc]'l and/ or the Parameter searcl'l we can exPloit.

< position Different algorithms
< rrequency, Z> have been developecl,
<> l:rec]uencg derivatives dePending on what we

$ orbital Parameters know about the source

What drives the choice is the comPutational expense of the
search!
Multi-—messenger collaboration is fundamental

The noise is our enemy- Noise data Cleaning and
characterization-> NOEMI
on-line Noise tool in LIGO VIRGO RUNSs

14



> explore a 4 + N dimensional space (a4, f, f + derivatives)

A
¥ Rotational % Rotational
2z Targeted paramet.e'rs parame.tt?rs
E searches v' Sky position X Sky position
g» & Other parameters
0
» Narrow-band % Rotational
Searches parameters
& Sky position
Directed
searches
/' Rotational Y Rotational Blind Searches
parameters parameters Binary systems
v iti v iti
Sky position Sky position (Sco-X1)
— >
g I/ ? Computational

17/12/18 Sabrina D'Antonio 15



> explore a 4 + N dimensional space (a4, f, f + derivatives)

A

.‘? Targeted

>

- searches

‘@

c

0

v Narrow-band

Searches

!

v__Rotational v__ Rotational

matched filter: ephemeris or EM

observations ho_. 104/ 52l

S (f) detector noise power spectrum,

Teon = Tops search coherence time

¥ Rotational

¥ Rotational

parameters parameters
v Sky position & Sky position

Directed
searches

& Other parameters

X Rotational
parameters
& Sky position

Blind Searches

Binary systems
(Sco-X1)

>

i )
min Tcoh

17/12/18

Sabrina D'Antonio

Computational
cost

16



> explore a 4 + N dimens | lerivatives)
semi-coherent methods

by ) Sald)

A min Teoh
z irgeted Sn(f) detector noise power s?ectrum, |
:'E searches T.on search coherence time h
g meters
2 Narrow-band I % Rotational
Searches

parameters
R Sky position

Directed
searches
v Rotational v Rotational Blind Searches
parameters parameters B
v Sk iti v iti
y position Sky position (ScoX1)

>

E ? Computational

17/12/18 Sabrina D'Antonio 17




> explore a 4 + N dimensional space (9, f, f+ derivatives)

A .
X Rotational % Rotatio| hierarchical methods
arameters
£ Targeted paramete paramel oy A [5n(f)
2 e v' Sky position X Skypos| ~min " N / Teoh
.‘é % Other p A search dependent parameter
(7] N number of chunks
v Narrow-band
Searches |
I &K Sky position
Directed
searches
v Rotational v Rotational Blind Searches

parameters parameters
v' Skyposition v Sky position

Binary systems
(Sco-X1)

>

E ¢ Computational
%\ cost

17/12/18 Sabrina D'Antonio 18




> explore a 4+ N dimensional space (a4, f, f + derivatives)

A

Sensitivity

Targeted
searches

v" Rotational
parameters
v Sky position

Narrow-band
Searches

!

v Rotational
parameters
v’ Sky position

¥ Rotational

parameters Binary system orbital

parameters must be

v Sky position _
taken into account

X Rotational

searches

parameters
& Sky position
Directed

Blind Searches

Binary systems
(Sco-X1)

>

17/12/18

? Computational
A N\ o

Sabrina D'Antonio
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Sensitivity

4’

Targeted search

Based on matched filter.
E.g. pulsars for which accurate

ephemeris are available h. ~10-25

Allows for a small
/ mismatch between the
GW and the EM signal

Hierarchical methods.

Narrow-band Follow-up of the most

Based on semi-coherent methods.

~— (‘directed’) N Y

search interesting candidates.
Computationally bound

4 N
Wide-band }; =~ A 15,(f)

E.g. CCOs, SNR, etc. e coh
R P
h., =30 5, (/) h
Lo Blind search

Binary system orbital parameters must be
taken into account.

Computationally bound
17/12/18
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EGI - European Grid
Infrastructure

http://www.egi.eu/

jobs submitted via Grid. In the analysis periods we work with ~
2000 core committed 24 hours a day / 7 days a week.

Porting some parts of our GPU analysis software is a possibility
we started working on.



« Most searches begin atteran observing run has encled,
and all the datais in

e Still analgsing LIGO Ol & O2 data
e Strict emission limits have alreadg been set from initial

cletector era &ata on signals From lmown ancl un‘mown
neutron star sources.

> Nor)—-cletections (I.e. upper limits) cannot be used to
exclude some EQOS

> But even with a null result we can constrain other
parameters, like e“iPtici‘cg and the internal magnetic field .

22



All-sky (LVC, PRD 96, 062002, 2017)

10-21 E T < T T 1 J : ] :
F Powerflux lin. pol.
« Powerflux circ. pol.
« TD Fstat
L + Sky Hough
- 22| * Freq. Hough
02 All Sky . 10 E + Einstein@Home
searchisstill x
ongoing '
2.1023 !

102 8 . T
r * o P “.:::' ; 4- *..*
:’ # * ok L F :
{ - . >4y
..: " Fy o: . s oot 18
10.25 | | | | |
50 100 150 200 250 300 350

Frequency (Hz)

Frequency range: [20 , 475] Hz, Spin-down range: [-107% +107°] Hz/s.
Significant improvement in the ULs with respect to past analyses (x3).
Best limits on hg of 1.5 x 1072° near 170 Hz. At 475 Hz sensitive to NS
with ellipticity € > 8 x 107 as far as 1 kpc, for optimal spin orientation.

17/12/18 Sabrina D'Antonio 23



PHYSICAL REVIEW D 96, 122006 (2017)

10'23, f [}
Crab: dEgyq < 5 % 10-3 dE,,,/dt 1
. Vela: dEGW/dt < 7x 10_2 dErOt/ﬁjt
; '1 |
Crab :
v i | ol
-24 o :: i ! J ‘:
107N Vo A | J0205+6449 ) fi ]
£ - : r fi
.CE o J2229+6114 ‘ ]
J204342740 ‘ I iy J18331-1034 Ly J1813-1749 |
S W 1 |J1813-1246 'y |
1025 " ? e Ao N -
L 0523354 195243252 i
J1400-6326
20 25 30 35 40 45 50 55 60 65

Frequency [Hz]

FIG. 2. Bluepoints: Value of the theoretical spin-down limit computed for the 11 known pulsars in our analysis, corresponding to Table II;
error bars correspond to the 1o confidence level. Black triangles: Median over the analyzed frequency band of the upper limits on the GW
amplitude, corresponding to Table VI. Red dashed line: Estimated sensitivity at 95% confidence level of a narrow-band search using data
from LIGO H. Green dashed line: Estimated sensitivity at 95% confidence level of a narrow-band search using data from LIGO L.

17/12/18 Sabrina D'Antonio 24



Targeted search (LVC, ApJ 839, 12, 2017)

'7 é)ls‘(ansvatlv;wvesvrnmte ‘
v wosenms > About 430 known pulsars in
- Advanced LIGO band

(20-2000Hz)

» 200 known pulsars analyzed,

~» ULs improved by a factor
2.5 w.r.t the Initial
LIGO /Virgo results,

» Spin-down limit beaten for 8
pulsars, including Crab &

Strain Sensitivity h,

BEEE e Vela
’ " ;vvevv > PSR J1918-0642: smallest
v v A 1

Vv

RAALE: B UL hg = 1.6 x 102°.

2
Gravitational-wave Frequency (Hz)

1077

Crab: dE <2x10-3dE . /dt
220 known Pulsars analysed for O2 data Vela: dEGW/dt <9 % 10-2 dErOt//dt
(Uls further improved by a factor 1.5-2) L GW/dt rot

17/12/18 Sabrina D'Antonio 25



Targeted search (LVC, ApJ 839, 12, 2017)

e Ol results
v spin-down limits
surpass spin-down limit

The ellipticity can roughly be
"¢ converted to a "mountain’ size
using 25 x (e/10™%) cm

Crab: < 2-1073FE,, in GW,
~ 10 cm

- Vela: < 1072E,,; in GW, ~
w50 cm

L 10&4

107 k 1o

[ 1032

Ellipticity =
=
&
2 Quadrupole Moment, Q,, (kg m?2)

F10%

H
S
18

[ 10%

=m =

1078 |

l

107 1

10710

1 1
10? 103
Gravitational-wave Frequency (Hz)

The diagonal lines show the ellipticities that would be required if a
star had a particular characteristic age and was losing energy
purely through gravitational radiation. Most constraining ellipticity
is 1.3 x 107® for J0636+5129
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< BH Proml:)t formation. Favored bﬂ soft EOS.

< ngermassive NS, that co”apses to a BH in <1s (burst-like
signal)

<> SuPramassive NS, that co”apses to a BH in 100-10000 s
(|ong~transi6nt signal

< Stable NS (continuous signal)

Which of these Possibilitics occurs del:)encs on how much
mass remains in the resulting object, as well as the
comPosition and Properties of matter inside neutron

stars.

o Searches for short (<1s) , medium (<500 s) | long (hours, c:lags)

duration W signals might be done.

Short transient Post~merger emission: (Best Uls ~10°-22)
From a similar event ma be detec‘cable when aclvanced detectors reach

clesign sensitivitg or wit next~generation detectors. )

Long transient Post~merger emission: ongoing

PHYSICAL REVIEW D 98, 102004 (2018) Method paper




W signals from boson clouds around BHs: infer the
boson mass via the GW detection

PHYSICAL REVIEW D 98, 103017 (2018)

Light boson clouds around rotating black hole can activate a process of
suPerracliant instability in which the bosonic field is ampliﬁecl at the expense
of the black hole rotational energy. When the boson field Frec]ucncg IS
comParaHe to the black hole horizon angular Frecluency:

v the instabiliil:y stops;

v the boson cloud, evolves bg emitting long lasting gravitational waves;

M : BH mass,
bh

U =_——m,

mb . boson mass hic .

17/12/18 23



Some methodological papers

S. Walsh,M. Pitkin, M. Oliver, S. D’Antonio, V. Dergachev,A. Kr'olak,8 P.
Astone,M.Bejger, M. Di Giovanni, O. Dorosh, S. Frasca, P. Leaci, S.
Mastrogiovanni, A.Miller, C. Palomba, M. A. Papa, O. J. Piccinni, K. Riles, O.
Sauter, and A. M. Sintes

F.Antonucci, P.Astone, S.D’Antonio, S.Frasca, C.Palomba.
Detection of periodic gravitational wave sources by Hough
transform in the f vs f plane.

A comparison of methods for the detection of gravitational waves from
Class.Quant.Grav.25:184015,2008 (Impact Factor 3.029).
Q (Imp ) unknown neutron stars  Phys. Rev. D 94, 124010 (2016)
S.D’Antonio, S.Frasca, C.Palomba. O J Piccinni, P Astone, S D’Antonio, S Frasca G Intini, P Leaci, S Mastrogiovanni, A
Spectral filtering for CW searches. Miller, C Palomba and A Singhal

Class.Quant.Grav.26:204012,2009 (Impact Factor 3.029). A new data analysis framework for the search of continuous gravitational

Pia Astone, Sabrina D’ Antonio, Sergio Frasca, Cristiano Palomba. wave signals CQG. 36 (2019)

A method for detecti f know f ti i- . . - .
ethoc for detection ot Xnown sources o continuous gravi P.Leaci, P. Astone, S D'Antonio3, S Frascal,, G Intini,, A Miller,C Palomba, O J
tational wave signals in non-stationary data.

Presented at 14th Gravitational Wave Data Analysis Workshop Piccinni and A Singhal S Mastrogiovanni,
(GWDAW-14), Class.Quant.Grav. 27 (2010) 194016. Novel directed search strategy to detect continuous gravitational waves

. . . . L from neutron stars in low- and high-eccentricity binary systems
Pia Astone, Alberto Colla, Sabrina D’Antonio, Sergio Frasca, Cristiano
Palomba. Phys. Rev. D 95, 122001 (2017)
Cohent search of continuous gravitational wave signals: exten-

sion of the 5-vectors method to a network of detectors.

S Mastrogiovanni, P Astone, S D'Antonio3, S Frascal,, G Intini, P Leaci, A
Published in J.Phys.Conf.Ser. 363 (2012).

Miller,C Palomba, O J Piccinni and A Singhal
, ) ) A new data analysis framework for the search of continuous gravitational
]RAbtone7 P.; Colla, A.; D’Antonio, S.; Frasca, S.; Palomba, C.; Serafinelli, wave signals CQG 2018

Method for narrow-band search of continuous gravitational A.Miller, P Astone, S D'Antonio3, S Frascal,, G Intini, P Leaci, C Palomba, O J
wave signals. ) Piccinni and A Singhal S Mastrogiovanni,
Physical Review D, Volume 89, Issue 6, id.062008 (03/2014). A method to search for long duration gravitational wave transients from

isolated neutron stars using the generalized FrequencyHough
Astone Pia; Colla Alberto; D’Antonio Sabrina; Frasca Sergio; Palomba

Cristiano. D'Antonio, S.; Palomba, C.; Astone, P.; Frasca, S.; Intini, G.; La Rosa, |.; Leaci, P.;
Method for all-sky searches of continuous gravitational wave Mastrogiovanni, S.; Miller, A.; Muciaccia, F.;
signals using the frequency-Hough transform.

Physical Review D, Volume 90, Tsste 4, id.042002 (08/2014). Semicoherent analysis method to search for continuous gravitational

waves emitted by ultralight boson clouds around spinning black

holes PRD 98 2018
S Mastrogiovannil,2, P Astone2, S D'Antonio3, S Frascal,2, G Intini1,2, P

Leacil,2, A Miller1,4, C Palomba2, O J Piccinnil,2 and A Singhal2
An improved algorithm for narrow-band searches of continuous
gravitational waves CQG 34 2017



The LIGO Scientific and the Virgo Collaboration (J. Aasi et al.).
Einstein@Home all-sky search for periodic gravitational waves
in LIGO S5 data.

Phys.Rev. D87 (2013) 042001.

Noise monitor tools and their application to Virgo data.

J.Phys.Conf.Ser. 363 (2012) 012024.

The NoEMi (Noise Frequency Event Miner) framework.
J.Phys.Conf.Ser. 363 (2012) 012037.

The LIGO Scientific and The Virgo Collaboration (Authors list 2012).
All-sky Search for Periodic Gravitational Waves in the Full S5
LIGO Data.

Phys.Rev. D85 (2012) 022001.

LIGO Scientific and Virgo Collaborations (J. Abadie (Caltech) et
al.(Authors list 2011)). Apr 2011. 37 pp.

Beating the spin-down limit on gravitational wave emission
from the Vela pulsar.

Astrophys.J. 737 (2011) 93.

F Acernese et al.

Cleaning the Virgo sampled data for the search of periodic
sources of gravitational waves Class. Quantum Grav. 26 204002,
2009 (Impact Factor 3.029).

Searches for gralllvitational waves from known pulsars with S5
LIGO data.
Astrophys.J.713:671-685,2010 (Impact Factor 7.364).

LIGO Scientific Collaboration and Virgo Collaboration(Authors list
2010).

Tools for noise characterization in Virgo.

Published in T.Phvs.Conf.Ser. 243 (2010) 012004.

LIGO Scientific and Virgo Collaborations (J. Aasi et al.).
Gravitational Waves from Known Pulsars: Results from the
Initial Detector Era.

The Astrophysical Journal, Volume 785, Issue 2, article id. 119, 18 pp.
(2014).

Searches for Continuous Gravitational Waves from Nine Young Supernova

Remnants Astrophysical Journal, 813,. 39, 16 pp. (2015)

First all-sky search for continuous gravitational waves from
unknown sources in binary systems.
Physical Review D, Volume 90, Issue 6, id.062010,2014.

| LIGO Scientific and Virgo Collaborations (J. Aasi et al.).
Narrow-band search of continuous gravitational-wave signals
from Crab and Vela pulsars in Virgo VSR4 data.

Physical Review D, Volume 91, Issue 2, id.022004 2015.

LIGO Scientific and Virgo Collaborations (Authors list 2015).
First low frequency all-sky search for continuous gravitational
wave signals PHYSICAL REVIEW D 93, 042007 (2016).

Full Band All-sky Search for Periodic Gravitational Waves in the O1
LIGOData  Physical Review D, Volume 97,05/2018

First search for gravitational waves from known pulsars with Advanced
LIGO  Astrophys.J. 83912 (2017) 19

First narrow-band search for continuous gravitational waves from
known pulsars in advanced detector data

Phys. Rev. D 96, 122006 (2017)

All-sky Search for Periodic Gravitational Waves in the O1 LIGO Data
Phys. Rev. D 96, 062002 (2017)

Search for gravitational waves from a long-lived remnant of the
binary neutron star merger GW170817 arXiv:1810.02581

Full band all-sky search for periodic gravitational waves in the O1
LIGO data PhysRevD.97.102003
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