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Gravitational wave panorama

The Gravitational Wave spectrum
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Gravitational waves by
coalescing supermassive black-hole
binaries perturb the space-time
around the Earth and the pulsars,
and induce deviations in the
expected arrival times of the
radiation pulses
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Pulsar Timing Arrays

PTAs: the nanoHertz window for
gravitational waves

Pulsar timing arrays consist of
an ensemble of very stable
millisecond pulsars whose timing
residuals are spatially
correlated to detect GWSs.
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Pulsar Timing Arrays

First indication of a GWB signature in the EPTA data
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Noise sources

Get In line, Gravitational Waves

GWs are not the only phenomena that perturb the regular arrival of a
pulsar’s radiation pulses.

The biggest competitors are:

N

Intrinsic irregularities in Variations in the plasma
the pulsar spin (‘Red noise’ density along the LoS
tout-court, RN) (‘DM noise’)

GW 99 pMm RN

Image by Freepik
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- Spectral modeling

Neutralizing the DM noise

Bayesian-based software such Enterprise to model the power spectra of
the various noise sources

However

The bulk of PTA data is obtained at L-Band (~1.4 GHz) where the
DM noise is present but cannot be precisely calculated because its
signature does not have sufficient magnitude (AtcDM/f?)
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LOFAR and NenuFAR enter PTAs

Integrating the low-frequency datasets in PTAsS

Three main fronts of study:
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PTA+LOFAR/NenuFAR Testing of spectral
data combination models and priors
[F. Iraci] Onc [S. C. Susarla] @3

PTA+LOFAR/NenuFAR Il Nn;u]
noise modeling ity of Mancheser
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LOFAR and NenuFAR enter PTAs

Impact of LOFAR/NenuFAR on the EPTA

noise modeling
J1918-0642

[1 EPTA DR2new+
[—1 EPTA DR2new+ + LOFAR
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Osservatorio Astronomico di Cagliari

[ o [ N
!

Red noise (s)

0.002

R e

0.001

0.000

—0.001

—0.002

—0.003

55500 56000 56500 57000 57500 58000 58500

L
T LI e A —TT —TT T
w ";\ 4 1
3 ~ o d
< & » 1|1 ]
Y. N - 1 1 !
" s | 1 1
- { - i i i
| 1
* 1]
> 1
T 4 2 1 1
S E .
r [ i
- 1
v, S R | |
D \ 04 4
]
eI v v i T W L PR

dm_gp_gamma

dm_gp_logl0_A rn_gamma rn_logl0_A



rn_gamma dm_gp _logl0_A

rn_logl0_A

AN AN
% %

\
<,
6'\6‘
——

AN
5,

A N
e %

\
<
(?0

AN
s

)
T

%

S5 o S

‘0

LOFAR and NenuFAR enter PTAs

Impact of LOFAR/NenuFAR on the EPTA

noise modeling
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LOFAR and NenuFAR enter PTAs
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SW model testing, low-ecliptic pulsars

[S. C. Susarla]
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LOFAR and NenuFAR enter PTAs

SW model testing, medium-ecliptic pulsars
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ADM (pc cm™3)

LOFAR and NenuFAR enter PTAs

SW model testing
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LOFAR2.0

Pulsar monitoring with LOFAR2.0

New hardware

Higher angular resolution

Increased sensitivity in the LBAs
Simultaneous LBAs/HBAs observing
Simultaneous LOFAR/NenuFAR observing

Multibeaming

Our mascotte Luigi

Submission: LOFAR2.0 Large Programmes — Full proposal
PURR - PUlsars and Repeaters Research, a Pulsar and
Fast Transient Monitoring Project
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Pulsar monitoring with LOFAR and NenuFAR

Observing pulsars with LOFAR

International LOFAR Telescope (ILT)

* Observations ongoing since 2013

« Core observations:
* Bi-monthly cadence
52 pulsars

* International stations used as stand-alone
telescopes:
 Weekly cadence
« >100 pulsars
« 6 German, 1 French, 1 Swedish stations
» Part of data streamed to the Juelich Supercomputing
Center (Germany)

AST(%ON_ .

« All data are then transferred to the University of Bielefeld, where they are
preprocessed (i.e., RFl-cleaned and beam-calibrated) and made ready to use



Pulsar monitoring with LOFAR and NenuFAR

Observing pulsars with NenuFAR

fi'
NenuFAR covers the <100 MHz band with a ] m

much better bandpass than the LBAs
In terms of sensitivity, it is equivalent to

the core, but over almost the whole 10-90
MHz band

Pulsar observations ongoing since 2019
under the NenuFAR Pulsar KP

>40 monitored pulsars

4 millisecond pulsars
Bi-weekly to monthly cadence

Higher precision in the measure of DM and RM
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LOFAR and NenuFAR enter PTAs

The upper leverage of low frequencies observations
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Pulsar Timing Arrays

PTAs: the nanoHertz window for
gravitational waves

Gravitational waves by
coalescing supermassive black-hole
binaries perturb the space-time
around the Earth and the pulsars,
and induce ‘red’ deviations in
the expected arrival times of
the radiation pulses

Champion

Az f W
127\ yr !

PGWB(f):

[Detweiler 1979,
Jenet+2005/2006]
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