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Binary merger signals, short-liveo

Wc/' J j Gravitational waves
T\ from the varying
N =4 N\ mass quadrupole



SIMPLE MODEL: SPINNING NEUTRON
STAR WITH EQUATORIAL ELLIPTICITY
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SIMPLE MODEL: SPINNING NEUTRON
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sinusoidal signal



WHAT COULD GENERATE SIGNAL 7

e what could source ellipticity ?
e deformation frozen-in at birth
e star-quakes
* hot-spot (in accreting systems, very interesting)
e internal magnetic fields*



HOW BIG IS THE DEFORMATION 7

* maximum ellipticity**

e j.e. before crust breaks, very uncertain~ (107107 - 107
e smallest ellipticity

e magnetic fields, very low ~ 1074

* Mastrano et al, MNRAS 417 (2011) - **Johnson-McDaniel & Owen, PRD 88 (2013) - Gittins et al, PRD 101 (2020), Gittins & Andersson, MNRAS 500 (2020),
MNRAS 507 (2021) - Morales & Horowitz, MNRAS 517 (2022)



WHAT COULD WE LEARN 7

o ellipticity of object, internal structure of NS
e access to invisible population of neutron stars

e tests of GR (non-GR polarisations)

e ifin conjunction with EM timings
* cmission mechanism
o differential rotation ?

e even more intriguing, it signal does not come from a neutron star



VERY WEAK SIGNALS %

e signal always there %A

e very weak:
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compare: h(l)’i”“”ies ~ 102!



THE LONGER THE OBSERVATION 1§,
I'HeE BETTER

basic idea: combine the data (think FFT power), the signals
adds coherently, the noise does not (matched filtering)
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frequency frequency

The longer is the time baseline, the higher is the SNR



KNOWN NEUTRON STARS: PULSARS

rot




SEARCHES FOR EMISSION FROM KNOWN
PULSARS

e routinely done



SEARCHES FOR EMISSION FROM KNOWN
PULSARS

e routinely done
* no detections .

upper limits



SEARCHES FOR EMISSION FROM KNOWN
PULSARS

e routinely done
* no detections .

4+ ho: largest GW amplitude

consistent with no

upper limits detectior

lower is better
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SEARCHES FOR EMISSION FROM KNOWN
PULSARS

e routinely done
* no detections
e important benchmark: spin-down upper limit



SPIN-DOWN UPPER LIMIT

e all rotational energy lost (which we know) is
radiated away by (continuous) GWs, then

DY\ 2¢° fow

hspdwn _ 1 SGI ‘fGW‘
0

GW amplitude at distance D from star



CONTINUOUS GWS FROM KNOWN PULSARS

Sensitivity estimate
Resulfs

pbelow spin-down limit
spin-down limits

Vela pulsar’
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Abbott et al, Apd 953,1 (2022) [very recent: arxiv:2501.01495 (2025), 45 pulsars]
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KNOWN PULSARS: CONSTRAINING THE

ELLIPTICITY

® Resulfs
below spin-down limit
v spin-down limits

10°
Gravitational-wave Frequency (Hz)

 most constraining: € < 5.3 X 10~
J0711-6830,100 pc away, ~ 364 Hz,
x1.7 below hgpdwn

e above 300 Hz, < 107

* below 60 Hz spindown limit is beaten
(x100 for Crab, x20 for Vela), but
corresponding ellipticities are higher



YOUNG NEUT R ON STARS : SUPERNOVA = =4 & -
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Courtesy NASA/JPL-Caltech




ACCRETING NEUTRON STARS




SPINS OF ACCRETING NEUTRON STARS
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Patruno Haskell Andersson, ApdJ 850 (2017)

IDEA: TORQUE BALANCE, GW EMISSION
BALANCING ACCRETION TORQUE
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~ 10°* WAVEFORMS RESOLVABLE
| WI‘TH 6 MONTHS OF DATA
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Semi-coherent searches

DATA

time

Tobs ~ year



Semi-coherent searches

DATA

time

B Tobs = N Tcon

time

Brady et al, PRD 57 (1998), Brady&Creighton, PRD 61 (2000), Krishnan et al, PRD70 (2004), Dhurandhar et al, PRD 77 (2008), Astone et al,
PRD90 (2014), Walsh et al, PRD 94 (2016), O. Piccinni et al, CQG 36 (2019), Dergachev&Papa, PRL 123 (2019)



We do a whole hierarchy of semi-coherent searches



We do a whole hierarchy of semi-coherent searches
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FROM POINT OF VIEW OF HIDDEN SIGNAL



FROM POINT OF VIEW OF HIDDEN SIGNAL




Broad parameter space searches require choices, I.e. trade-offs

Breadth Sl R obustness

different algorithms and implementations encode those choices



ALL-SKY,20-800HZ, O3 DATA
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Deep Einstein@Home All-sky Search for Continuous Gravitational Waves in LIGO O3
Public Data
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ALL-SKY,20-800HZ, O3 DATA

6.7 x 10'®* 3513855

3,513,855 386,429
386,429 35,635
35,635 5116

5116 1387
1100 1387 310
2200 310

Coherent 34 12 _
03b coh. 12 6 these are fake signals == no

O3a+b coh. 6 real candidate surviving




VERY GOOD PARAMETER RECONSTRUCTION
(BASED ON THE HARDWARE INJECTION RECOVERY)

f f Af Af Sky Distance
(Hz) (Hz s ) (Hz) (Hz s ') (deg:m:s)

265.57505348 —4.15 x 107" —4.7 x 107" 9.5x 107" 0:0:0.0741
575.16350527 ~1.37 x 107" 1.1 x 1077 —8.8 x 107'° 0:0:0.0955

108.85715939 —1.46 x 1077 6.7 x 10~ 1° —58x 1071 0:0:0.3080
52.80832436 —4.03 x 10°1° —62 x 1071 —42 x 10710 0:0:0.2212
763.84731649 —1.45 x 107" 9.4 x 10~ 5.6 x 107" 0:0:0.0023
26.33209638 —8.50 x 101! —83 x 1071 2.4 x 1071 0:0:0.3109




VERY GOOD PARAMETER RECONSTRUCTION
(BASED ON THE HARDWARE INJECTION RECOVERY)

/ f Af Af Sky Distance
(Hz) (Hz s ) (Hz) (Hz s ') (deg:m:s)

265.57505348 —4.15 x 107 —4.7 x 107" 9.5x 107" 0:0:0.0741
575.16350527 ~1.37 x 107" 1.1 x 1077 —8.8 x 107'° 0:0:0.0955

108.85715939 —1.46 x 107V 6.7 x 107 1¢ —5.8 x 10°1¢ 0:0:0.3080
52.80832436 —4.03 x 10°1° —6.2 x 1071 —42 x 10710 0:0:0.2212
763.84731649 —1.45 x 107" 9.4 x 10~ 5.6 x 107" 0:0:0.0023
26.33209638 —8.50 x 101! —83 x 1071 2.4 x 1071 0:0:0.3109

If something is detected how does it make sense to inspect that spot in the sky ?



Abbot et al. (2022)
Dergachev and Papa (2024)
Steltner et al. (2023)
Hardware injections in range

O3 data

It
—
(-
L8
b N

£
e
O
Q
Q
=
V
e
=
y—
Q
=
©

-
c

.’0': ! -:..’4»:
! * p
3 o I
qu‘ b N g -
2
0

102
Signal frequency [Hz]




ELLIPTICITY UPPER LIMITS
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FIRST STAGE IS THE MOST EXPENSIVE

Einstein@Home volunteer distributed computing project, tens
of thousands of machines 24 x 7.
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FIRST STAGE IS THE MOST EXPENSIVE

Einstein@Home volunteer distributed computing project, tens
of thousands of machines 24 x 7.

| (}iemﬁfm R

: .
) home E

é&gnup and help us find CWs !

https://einsteinathome.org/



BUT NOT ALL SEARCHES NEED
EINSTEIN@QHOME

Expanded atlas of the sky in continuous gravitational waves

Vladimir Dergachevl’ and Maria Alessandra Papa1=2=

' Maz Planck Institute for Gravitational Physics (Albert Einstein Institute), Callinstrasse 38, 30167 Hannover, Germany
*Leibniz Universitdt Hannover, D-30167 Hannover, Germany

We present the full release of the atlas of continuous gravitational waves, covering frequencies
from 20 Hz to 1700 Hz and spindowns from —5 x 107 '° to 5 x 10~ '° Hz/s. Compared to the early
atlas release, we have extended the frequency range and have performed follow-up on the outliers.
Conducting continuous wave searches is computationally intensive and time-consuming. The atlas




BUT NOT ALL SEARCHES NEED
EINSTEIN@QHOME

Expanded a tional waves

Vlad 1’2’

' Max Planck Institute for Gravita ise 38, 30167 Hannover, Germany
*Leib many

We present the full oA s, covering frequencies

from 20 Hz to 1700 Hz =) | < Compared to the early
atlas release, we have ¢ ~— T~ low-up on the outliers.
Conducting continuous >-consuming. The atlas
facilitates the executio resources.




DETECTION

» must be lucky to see a signal from
a non-recycled neutron star now

» Much better prospects with next
generation detectors:

expected # of detectable
signals

ET CE
231.9 = 14.6 338.1 =16.8
387.2+194 524.3 = 22.6

0.5 0.6 2014
1.7+ 1.3 0.2 = 2.2

Pagliaro et al, ApJ 952 (2023)



BUT MOST PULSARS IN GROUND-BASED
DETECTORS BAND ARE IN BINARIES...




SIGNAL FROM NEUTRON STARS IN BINARY SYSTEM
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Covas et al, arxiv:2409.16196, to appear in ApJ



S M A L L E R \/ O L U M E P R O B E D Covas et al, arxiv:2409.16196
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NEED FOR NEW AND CLEVER
METHODS




..SUMMARISING

the first detection of a continuous GW from a neutron star will
open the field of GW-pulsar-astronomy

now probing interesting source parameter-range

broad surveys are hard and require significant computing
trade-offs necessary: different approaches ma ditferent
choices

many open problems

auxiliary observations and modelling usetul now and after first
detection

high-risk/high-gain enterprise, but remember the history of
GWs. ..



I

"The only guarantee for failure is to stop trying.

-JOHN C. MAXWELL




THANK YOU !



Semi-coherent searches

DATA

time

B Tobs = N Tcon

time

Brady et al, PRD 57 (1998), Brady&Creighton, PRD 61 (2000), Krishnan et al, PRD70 (2004), Dhurandhar et al, PRD 77 (2008), Astone et al,
PRD90 (2014), Walsh et al, PRD 94 (2016), O. Piccinni et al, CQG 36 (2019), Dergachev&Papa, PRL 123 (2019)



combination of per-segment results

* divide the data set in segments

detection » perform a coherent (F-stat) search on
statistic, 2F each segment

» combine the results from the segments,

by adding the F# -stat values, one per
segment

1 &
pr ) 2F,

\YS Y i=1




Combination of the single-segment results

per-segment search uses coarse
template grid

detection
statistic, 2F

signal-template — track

lime




WHAT ARE THE CHANCES OF DETECTION?

Si(freq) == search-sensitivity(freq)

E

Spin frequency, now

age

Distance Magnetic field

Spin frequency at birth

Position
Kick velocity at birth



Pagliaro et al, ApJd 952 (2023)




/ Convolve together all these effects

by building a synthetic population of
neutron stars

» must be lucky to see a signal from
a non-recycled neutron star now

» Much better prospects with next
generation detectors:

Model expected # of detectable
signals

ET CE

231.9 + 14.6 338.1 =16.8
387.2+ 194 524.3 £ 22.6
0.5+ 0.6 2014
1.7+ 1.3 5.2 = 2.2

Pagliaro et al, Apd 952 (2023)



WHAT ARE THE CHANCES OF DETECTION?

Synthetic isolated neutron star population, whose spin-
frequency v is evolved in time

" 3 5
V= ydipy + YowV
_ 327°R® 2 __ 5122%GI o
D Vdip = = 313, B, Yew = 505 ©

-----

>
.:. : \~~~
27 P T
::..'.. ..* / : . e
5 10 ~14|
\ BILLIONS OF YEARS A \ j\

Big Dark | | & Milky Way //M\Our Solar Life
bang era \‘ galaxy forms | || \k\\o\.\} System appears &
\c = 4 orms on Earth (=

Humankind &
evolves
ﬁ Pagliaro et al, ApJd 952 (2023)




CHANCES OF DETECTION NOW

ditfferent synthetic populations of non-recycled neutron stars:

expected # of detectable signals

mn

1.4+1.16
3.62 = 1.91

0.01 = 0.1
0.01 = 0.1
< 0.01
< 0.01

Pagliaro et al, Apd 952 (2023), arxiv:2303.04714,”Continuous gravitational waves from Galactic neutron stars:
demography, detectability and prospects”



NEXT GENERATION DETECTORS

expected # of detectable signals

T

BT CE

231.9 = 14.6 338.1 = 16.8
387.2x19.4 024.3 = 22.6
0.5 0.6 20x14
1.7 1.3 0.2 & 2.2




YOUNG NE UTIR ON STARS : SUPERNOVA = .= 4
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Cassiopeia A (Cas A)

Vela Jr
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Abbott et al, 2022, O3a
Morales et al, 2025, O2
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ACCRETING NEUTRON STARS




SPINS OF ACCRETING NEUTRON STARS
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IDEA: TORQUE BALANCE, GW EMISSION
BALANCING ACCRETION TORQUE



SCORPIUS X-1
BRIGHTEST X-RAY SOURCE (AFTER SUN)

i m e

mmss (01, Abbott et al (2017)
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e— 02, Zhang et al (2021)
— O3, Abbott et al (2021a)

= == torque balance

100 200 500 1000 1600
Frequency (Hz)

Abbott et al, Astrophys.J.Lett. 941 (2022) 2, L30, Whelan et al, Astrophys.J. 949 (2023) 2, 117

caveat: spin wandering (Mukherjee et al , PRD97 (2018)



50% OF PULSARS ROTATING ABOVE 10 HZ ARE IN
BINARIES

O ALL PULSARS ABOVE 10 HZ
* PULSARS IN BINARIES ABOVE 10 HZ
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SIGNAL FROM NEUTRON STAR IN BINARY SYSTEM
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Mc=0.01[My]; sint, =1.0

101 102 103
Orbital period Py, [days]

Covas et al, arxiv:2409.16196, to appear in ApJ



P R E v ‘ O U S S E A R C H E S Covas et al, arxiv:2409.16196
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A FEW DETAILS OF ALL-SKY SEARCH FOR EMISSION FROM
NEUTRON STARS IN BINARY SYSTEMS

e Covas et al, Ap. J. Lett. 929 (2022) , O3a

10721

10722 3

107%° 3
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©

10724 ¢
3x10-25 N

90%
hO

10-25 ‘ | | | | |
0 100 200 300 400 500 600

Signal frequency (Hz)

| fow| < afew 10719 Hz/s
500Hz

Jow
Orbital parameters additionally searchead

Orbital eccentricity e < 5.7 X 107>

Less sensitive search than for isolated objects

Parameter Range

fo : Frequency [Hz] 300-500

.fo| : Frequency deriv. [Hz/s] <4 x 107"

a, : Projected semimajor axis [lt-s] 1040

P : Orbital period [days] 15-60

t.sc - Time of ascension [s] tn £ P/2

e : Orbital eccentricity <57 x 10-3 [50(3 Hz }
0

« : Right ascension [rad] 027
6 : decl. [rad] —7/2—1/2

Frequency Range
Resolution [300, 400) [400, 500)
§ fo [mHz] 1 RRE
P 400 Hz 500 Hz
37days ' - ' o
P | 400 Hz | 500 Hz |
7days | - S | ]
p T 400 Hz | 500 Hz |
37days | S | - h
S = 66[1072 rad ] [ 400 Hz | [ 500 Hz |
| fo | I

bay, [1-s]

SQ[107° rad] [3

Stasc[10% 5] [

Note. ) = 27/P is the average angular orbital velocity.




TRADE-OFFS

Abbot et al (LVK) PRD 103 (2021)

50-300 Hz:
covered parameters
of 12% ot known PSRS
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Covas et al (AEl) ApJL 929 (2022)
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300-500 Hz:
covered parameters
of 42% ot known PSRS
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Image:Analytics Insight, Parvin Mohmad

DEEP NEURAL NETWORKS ?

H1 (Imaginary)

:3:: Analytics Insight
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Joshi et al, PRD 108, 2023



NEURAL NETW eSS Bt E i eEN]T | HAN
STANDARD USE-CASE

* Poor performance of DNN (standard image recognition convolutional
networks)

* Different regime than usually assumed: here we have weak and
“delocalised” features

* Prospects for use in the incoherent combination step are perhaps better

* Only recently a custom-designed DNN* could match optimal detection
statistic performance for Tcoh ~ 10 days

« MUCH work to do

*Joshi et al, (Joshi and Prix, “Novel neural-network architecture tfor continuous gravitational waves” PRD 108 (2023)

Dreissigacker et al, "Deep-Learning Continuous Gravitational Waves: Multiple detectors and realistic noise", PRD 102 (2020)
Dreissigacker et al, “Deep-Learning Continuous Gravitational Waves", PRD 100 (2019)

Bayley et al, “"Robust machine learning algorithm to search for continuous gravitational waves”, PRD 102 (2020)



boson annihilations following the formation of gravitationally bound states of ultralight
bosons around black holes (through super radiance instability) will source continuous
gravitational waves

UPPER LIMITS ON #,

v

UPPER LIMITS ON BOSON MASS




FEW DETAILS ON BOSON CLOUD MODEL

scenario: boson annihilations following the formation of gravitationally bound states of ultralight bosons
around black holes, through super radiance instability.

i- he - ~3x 1024 @ T(xi—Xe Mgy I kpc ' thW — ]d()}w - Af?}kvlv - Af%lwd

AfGw R Gw<§+1—28— f

Mgy Hb
10Mg 10713 eV

Mcloud

BH

cloud ~ £0 2
Afew. = fow (O.Za

super radiance will take place (level will grow) if y; > y.

As the boson annihilate the cloud is depleted so:

M 0.1\15/ 0.5
~5 % 10° BH ) (==
rov 5310w (5wt ) () (o)

o hO,peak

Cloud mass decreases, grav. | Fow (Mana(1)\2
potential energy increases => e zO.2aGW( cloud ) .
tive f ' Tew \ Mpy

positive [y

@ Considering only first super radiant level n,I,m=(0,1,1)



UPPER LIMITS ON BOSON MASS

assuming super radiant emission
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@ Setting up specific searches,
and parametrising results as a
function of source parameters
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black hole mass [solar masses] black hole mass [solar masses]

FIG. 6. Exclusion regions in the boson mass (m;) and black hole mass (Mgp) plane for an assumed distance of D = 1 kpc (left) and
D = 15 kpc (right), and an initial black hole dimensionless spin y; = 0.9. For D = 1 kpc, three possible values of the black hole age,

tage = 10°, 10°, 10® years, are considered; for D = 15 kpc, tage = 10°,10%°,10° years are considered.
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FIG. 7. Same as Fig. 6 but for black hole initial spin y; = 0.5. The assumed distance is D = 1 kpc (left), and D = 15 kpc (right).

LVK, All-sky search for gravitational wave emission from scalar boson clouds around spinning black holes in LIGO O3 data, PRD 105, (2022)



UPPER LIMITS ON BOSON MASS

fow (Hz)
1000 1250 1500 1750

@ Re-interpreting results from
all-sky searches, assuming
distributions of source
parameters
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Zhu et al, Characterizing the continuous gravitational-wave signal from boson clouds around Galactic isolated black holes, PRD 102, 2020



Sco X-1 searches

~ 10! — 10'* templates

“Blueprint” to search for emission from :

Object in a binary system with some constraint on orbital parameters
Sky position known
Jw not known

fow assumed = 0



Sco X-1 searches

~ 10! — 10'* templates

SKy position known
fow assumed =0

Parameter Range Grid spacing

few (Hz)
asint (I1t-s)

Tuse (GPS s)¢

40, 180)
[1.45, 3.25]
1178556229 + 3 x 139

~ 2 x 107

()

N

0.17 [1t-s Hz]

faw
1576 [1t-s]

fGW a sin 1

Py (8) 68023.86 + 3 x 0.04 ~ _ 18 ][lt-s]

faw asinz?

Zhang et al, Apd Lett 906 (2021)
40 Hz < fw < 180 Hz

i 19 hrs

Whelan et al, Apd 949 (2023)
25 Hz < fow < 1600 Hz

4 min <T,,, < 2.8 hrs




TS

+

REMNAN

SUPERNOV

-

00-

c
O
D
=
©
Q
|
al
3
)
<
Z
P
"
o)
T
-
o
O




SUPERNOVA REMNANTS MAY HOST YOUNG NEUTRON
STARS

Pulsar spin decreases, so the younger the object, the higher is the
spindown, i.e. the kinetic energy loss, a fraction of which, might go in GWs

( n
fspin X spin
n: braking index

v

characteristic age
1 fspin

T. .=



SUPERNOVA REMNANTS MAY HOST YOUNG NEUTRON
STARS

Pulsar spin decreases, so the younger the object, the higher is the
spindown, i.e. the kinetic energy loss, a fraction of which, might go in GWs

- 20 _ .ex
° . > N D
: S SRy .

)
fspin X spin

n: braking index hspindown S i SGI i
* 0 ~ D\ 2c3 . ¥

y
Tor 2

characteristic age




EMISSION FROM NEUTRON STARS IN YOUNG
SUPERNOVA REMNANTS: NO PULSATIONS OBSERVED

SO have to search over frequency, frequency derivatives:



EMISSION FROM NEUTRON STARS IN YOUNG
SUPERNOVA REMNANTS: NO PULSATIONS OBSERVED

SO have to search over frequency, frequency derivatives:

Assume frequency. Characteristic age

_ b7 fow _ ;
TC'_n—lf q - <few =0

/

when n=2 this is the
smallest.




EMISSION FROM NEUTRON STARS IN YOUNG
SUPERNOVA REMNANTS: PARAMETER SPACE

Assume frequency. Characteristic age

_ 7 fow _
TCO_n—lf q - <Jow <0

when n=7 this is the

' 2
q () HZ/S2 < ].(:GW < 7 ‘fGW‘max /IargeSt.

fow

braking ff
index = f_2




EMISSION FROM NEUTRON STARS IN YOUNG
SUPERNOVA REMNANTS: PARAMETER SPACE

Assume frequency. Characteristic age

_ 7 fow _
TCO_n—lf q - <Jow <0

- ) f 300yrs
= 10~/ Hz/s
6w lmas (1kHz> ( )

T
y fowl,
q 0 Hz/s* < froyy <7 6w lnay

fow

. 300yrs \ °
— 1077 Hz/s? /
T 6wl <1kHz> ( T )

braking ff
index = f_2




EMISSION FROM NEUTRON STARS IN YOUNG SUPERNOVA
REMNANTS: PARAMETER SPACE » IT’S BIG

1 vyr
fGW‘max ~ 1 kHZ 5fGW ~ 3 X 10—8 HZ ( y )

coh

. ~ Tow 300yrs . 1 year .
= 10" Hz/s ~ 10~15
| fow | <1kHZ - Sf oy ~ 10 Hz/s( T )

3
. ~ Tow 300yrs ’ . 23 » (1 year
— 10~ Hz/s? Sfow ~ 3.7%x 10723 Hz/s
6w ( 1kHz r o Teoh



DECISIONS...

SNR

(G name)

1.940.3
15.9+40.2
18.9—-1.1
39.2—-0.3
65.7+1.2
03.3+6.9

111.7-2.1
189.1+43.0
189.1+4+3.0
266.2—1.2
266.2—1.2
201.0-0.1
330.2+1.0
347.3—-0.5
350.1-0.3
353.6—-0.7
354.4+40.0
354.4+-0.0

Other name

3C 396

DA 495

DA 530
Cas A

IC 443

IC 443

Vela Jr.
Vela Jr.
MSH 11-62

RA+dec

(J2000)
174846.9-271016
181852.1-150214
182913.1-125113
190404.7+052712
195217.0+292553
205214.0+55172:
232327.9+58484:
061705.

061705.
085201.4—-461753
085201.4—-461753
111148.6—603926
160103.1-513354
171328.3—-394953
172054.5—-372652
173203.3—-344518
173127.5—-333412
173127.5—-333412

D

(kpc)

8

9

D

D

e Ming et al, Optimally setting up directed searches [...], Phys Rev 97 (2018) , Phys Rev D 93 (2016)

e \Which objects to target ?
o Youngest ?
o Closest ?
e \What signal frequency range ?

e \What spindown spindown range ?

e what search ?

o What frequency and frequency-
derivative grid spacings ?

o What search set-up (Tcoh) ?



THE BACKPACK-PROBLEM




THE CONTINUOUS WAVES BACKPACK-PROBLEM

¢ Assume distribution of signal parameters (most difficult part)

¢ Pick among different targets, different search set-ups and different
ranges of searched signal frequency

o Computing cost

o Detection probability

+ Maximize detection probability at fixed computing budget

* J.Ming et al, Phys. Rev. D 97, 024051 (2018)
* J.Ming et al, Phys. Rev. D 93, 064011 (2016)



SUPERNOVA REMNANTS

SNR
(G name)
1.9+0.3
15.9+0.2
18.9—1.1
39.2—-0.3
65.7+1.2
03.3+6.9
111.7—-2.1
189.14+3.0
189.1+3.0
266.2—1.
266.2—1.2
201.0-0.1
330.2+1.0
347.3—-0.5
350.1-0.3
353.6—-0.7
354.4+0.0
354.4+0.0

Other name

3C 396

DA 495

DA 530
Cas A

IC 443

IC 443

Vela Jr.
Vela Jr.
MSH 11-62

RA+dec

(J2000)
174846.9-271016
181852.1-150214
182913.1-125113
190404.7+052712
195217.0+292553
205214.0+551722
232327.9+584842
061705.3+222127
061705.3+222127
085201.4—461753
085201.4—-461753
111148.6—-603926
160103.1-513354
171328.3—-394953
172054.5—-372652
173203.3—344518
173127.5—-333412
173127.5—-333412

D
(kpc)

8
8

9

D

D




SUPERNOVA REMNANTS TO TARGET:

C=3EM R = 1.87 x 10!

(G347.3

Vela Jr. -




WHAT ARE THE CHANCES OF DETECTION?

Synthetic isolated neutron star population, whose spin-
frequency v is evolved in time

. 3 5
V= YaiV™ + Vowl
_ 327°R°® 5o __ 5122%GI
S Fiip =~ Sy 0 ToW =T 55 €

P\ BILLIONS OF YEARS 4

Big Dark | | Milky Way | | /7/==Qur Solar Life
bang era .. galaxy forms '(/ﬂ‘..\n stem appears &

Humankind &
\ \k\“:‘::-// )/ < eVOlVGS .
N7/ forms | | on Earth = Pagliaro et al, ApJ 952 (2023)




DO YOUR SEARCH BY MINING
RELEASED RAW RESULTS

@ Dergacheyv et al, Early release of the expanded atlas of the sky In
continuous gravitational waves, Phys.Rev.D 109 (2024) 2, 022007

®20 Hz < f-yy < 1500 Hz | fow | 5% 10719 Hz/s
@ a sky-map every 45 mHz
@ h upper limits as function of sky position, 1,

@ |n every sky pixel and frequency band : parameters of largest
SNR template, and SNR value

@ Big data set: ~ 800 GB, specific library (MVL) developed to allow
fast access on laptop (can also use it on GAIA data)

Download here: https://www.atlas.aei.uni-hannover.de/work/volodya/O3a_2_atlas/



Bells and monochromatic signal
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from Prof. Andrew Yao’s Basic Science Leture, on Monday:

Choose Problems Wisely

- Attractive: ESR
Simple, Novel, Surprising

 Important: EEa

People care what the answer Is

« Universal: gAY
Transcends academic boundaries




