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The Signal is defined by

- Source spin frequency and spin - Amplitude - Ay
down at a reference time
_ - Inclination angle - COS 1
fgw o 2frot J
: : - Initial phase - ¢
fgw = 201
+ Source sky position - Right + Polarisation angle -

Ascension and Declination (&, )




..additionally orbital parameters

Orbital Period (P)
Eccentricity (E)
Projected semi-major axis (a sin i)

. Time of Periapsis (Tp)

- Argument of Periapsis (@)




Types of searches for CW Signals

A

Sensitivity

Targeted
searches

Narrow-band

searches

, Talk by ﬁ,
{ Dr. Benjamin Steltner §

Directed
searches

Blind
searches

Computational Cost
Credit : Sieniawska & Bejger (2019)
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Thanks to Pulsar Timing Solutions : Targeted
Searches for the CW Signal

A = known

The Signal is defined by | additionally orbital parameters

» Orbital Period (P) ‘/

- Source spin frequency and spin

down at a reference time - Eccentricity (y

foo=Yu¥
fgw - zfrotJ

+ Source sky position - Right {

Ascension and Declination (o

- Projected semi-major axis (a sin 1) v

- Time of Ascending Node (T ,;.)+/

asc

- Argument of Periapsis (w) /




Population of Pulsars
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Isolated spinning neutron stars, asymmetric with respect to their rotation axis, are expected to be sources 11
of continuous gravitational waves. The most sensitive searches for these sources are based on accurate

PRI T Y Aoh IS T JRERA S S R T T MU P [ PR IR SR S D R |



MAX PLANCK INSTITUTE
FOR GRAVITATIONAL PHYSICS
(Albert Einstein Institute)

INSTITUTE 1 RESEARCH | CAREER | JOBS | NEWS ROOM

Home > Observational Relativity and Cosmology > Pulsars

Pulsars
©

This group's main research aspects are computing-intense searches for and studies of pulsars
- rapidly spinning neutron stars — through gamma rays and radio waves in previously
inaccessible parameter spaces using efficient data analysis and powerful computing
resources.

Departure into unexplored lands

Pulsars are some of the most extreme objects in our Universe and important key probes for a wide
range of fundamental physics. Yet many aspects are still poorly understood after decades of

observations.

We extend neutron star searches to parameter spaces that have been inaccessible before on
computational grounds. This requires the development of efficient data analysis methods and the

exploitation of powerful computing resources, such as the @ Einstein@Home volunteer

computing project. We adapt and improve methods from gravitational-wave searches for our
gamma-ray and radio searches. We also study our discoveries at multiple wavelengths and
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PS5

R J1526-2744

Fo

F1
PEPOCH
BINARY
PB

Al

TASC
START
FINISH
CLK
UNITS
EPHEM
EPHVER
TZRSITE
TZRFREQ
TZRMJD

J1526-2744
15:26:45.103143174773805

-27:44:05.912804593135093

401.744602097496

-5.70865795989642e-16

59355.468037

ELL1
0.202810828455367
0.224097093580642
59303.2059777742
54681.0

59476.0

TT(TAI)

TDB

DE40@5

5

©

9

59355.468037

CORRECT_TROPOSPHERE N

.22447858372069e-07
.85234765940031e-07
.62370693438065e-10
.22993413764598e-18

.84806307298376e-10
.0326078024144e-05
.58144227167222e-06




PSRJ J1526-2744
RAJ 15:26:45.103143174773805 .22447858372069e-07
DECJ -27:44:05.912804593135093 .85234765940031e-07
Fo 401.744602097496 .62370693438065e-10
F1 -5.70865795989642e-16 .22993413764598e-18
PEPOCH 59355.468037
BINARY ELL1
0.202810828455367 .84806307298376e-10
0.224097093580642 .0326078024144e-05
.58144227167222e-06

_59476.0

EPHVER

TZRSITE

TZRFREQ

TZRMJD 59355.468037

CORRECT_TROPOSPHERE N Parameter Value
few 803.5Hz
Faw -1.1e-15 Hz/s
RA 4.04 rad
DEC -0.48 rad
Reference time 59355.5 MJD
Orbital period 5 hours
asini 0.22 lt-s
2 not measured
W not measured
Time of Periapsis | 59303.2 MJD

Search In O1+02+03 data




Step | : Single template search
- Hypothesis O : The data is x(#) = n(¥)

- Hypothesis 1 : The data is x(1) = n(¢) + h(t; A, A)

- Likelihood ratio ;

P(x|A, 4)
P(x|0)

L(x;A, 1) =

Maximised log-likelihood : F-statistic (2%)

16



PS5

R J15626-2744 . Single template search results

PDF

0.200 A

0.175 A

--- TargetedSearch =5.60582829
B RealData
71 GaussianNoise

20

30 40 50 60
2F
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Step |l ;

Band Search in (f,,,, f ow)

10 mHz sub
bands f(lgw
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Band Search in (f,,, f ow)

o SIS

Jaw

~ 1 % sensitivity 0SS
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3and Search in (f,,,, fgw)

Jaw

L oudest 2F s -> Band Search Results

20



PSR J1526-2744 : Band search results

distribution of loudest 2F

36 38 40 42 44 46 48 50 52 54 56
Loudest 2F
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Step Il : Upper limits on CW emission

Based on null results

hy <

OrElse: 2F > 2 gmeasured

22



R J1526-2744 . CW Upper lImits
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—|lipticity constraints

- Constrain CW sl Constrain Ellipticity of pulsar

4 10-7 ( h )( D )(2OOHZ>2 10% kg m?
€ = 4.
10-26 1 kpc f I,

PSR J1526-2744
€ =245%x107°

)
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ho Strain Sensitivity

(General
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N
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Results - hg 5

Upper limits on continuous wave emission from published pulsars
% | | | | | % measured hg‘r’:
| LAY _
* *
L i
x x i
I } * } :
I H* o | -
: * ? I
ooz » i
J0709 ! 1653
W41 i | |
j } H v1526@0154 i
{1}2204 | | 3%753029 | | | ]
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Gravitational-wave Frequency (Hz)



—nding Note

- A source Is guaranteed to be present : so even a null measurement
IS informative about the emission.

- High sensitivity ‘ and low computational expense ’

- High value pulsars —

- nearby,

. high fgw,
- In high sensitivity frequency ranges of Advanced LIGO detectors
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—nding Note - ||

New and improved telescopes/strategies are discovering
new pulsars

Ever more known pulsars

27









Credits for figures not produced by me

1. M. Sieniawska and M. Bejger. Continuous gravitational waves from neutron stars: current
status and prospects. Universe, S (11):217,2019. doi1: 10.3390/universe5110217

2. M.A. Papa, Max Planck Institute for Gravitational Physics, Hannover
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Sensitivity Comparison

Upper limits on continuous wave emission from published pulsars
l \ | I

ho Strain Sensitivity
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Spin down upper limit

s
SGIZZ ‘ff‘Ot ‘

hsd —
> d\ 23 f,

Assuming M = 1.4M and R = 10km
L. = 10"%kgm?
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Significance of search result

Frequentist p-values

Targeted search for JO154+1833

Search in noise-only

0.20 +

Find po(2F )
Po

0.10 ~

2F =3.99

0.05 A

--- TargetedSearch =3.99626231
B RealData
(7] GaussianNoise

0.00 -

p-value

oo

p-value(3.99) = [ PoLF)d2F
3.99

=41 %

T T T T
20 30 40 50
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Targeting Millisecond Pulsars - A good idea

High frequency, hy  f,, , small € is enough for high

evel of emission

History of binary interaction - possibility of accreted
mountains

. Crossing hgd => new regime in terms of physical
requirements for a detection
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CW Emission : Other modes and sources

Precessing neutron star -

]fgw = fmt +]§9rec
) ]L:gw — z(fmt +]§9rec)

R-mode emission - current quadrupoles, toroidal fluid
oscillations inside the star, 4/3 f,,,

B0son clouds around a black hole - f ~ mass of axion
particle
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Additionally orbital parameters

A
Line of sight Semi-major axis (a)

|
BB
Argument of

' periapsis (@)

1. Orbital Period (P)
2. Eccentricity (e)

Neutron Star

3. Projected semi-major axis (asin i)

Plane of orbit

Inclination angle (i)

Ascending node

4. Time of Ascending node (1)
5.  Argument of periapsis (w)
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