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Fundamental physics applications of pulsars

E DO

) ) ) Multiple relativistic Measured mass of the
Orbital period decay in parameters intersect PSR J1614-2230 put constraints on
double neutron star PSR B1913+16 according to GR in double pulsar the EOS of neutron star
(Hulse-Taylor pulsar) PSR J0737-3039
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Fundamental physics applications of pulsars with LOFAR

PSR J0250+5854: 23.5 s pulsar

(second slowest)

Discovered by LOFAR survey
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PSR J0952-0607: The Fastest and

Heaviest Known Galactic Neutron Star

Discovered by LOFAR targeted search
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Characterization of low-frequency
emission of Millisecond Pulsars

with LOFAR census’

100340534 J0621+1002 J1012+5307

Kondratiev et al. 2016A&A...585A.128K
Tan et al. 2020MNRAS.492.5878T



Observing pulsars with LOFAR

LBA: 30-80 MHz

International LOFAR Telescope (ILT)
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Observing pulsars with LOFAR

Imaging

Tan et al. 2018ApJ...866...54T



Observing pulsars with LOFAR

maging beamforming

Declination (J2000)
+58°56' +59°00’

+58°52’

+5848'

1 1 . L I
02"51M00° 02"50™30° 02"50M00° 02M"49™30°

Tan et al. 2018ApJ...866...54T



P =0.714519699726 s

Raw pulsar signal
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P = 0.714519699726 s Dispersion
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Dispersion
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Scattering
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Steep spectrum

Flux density
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Frequency —»

Steep spectrum
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LOFAR Pulsar Surveys

Targeted

Survey targeting unassociated Fermi-Large
Area Telescope Yy-ray sources

Blind

LOTAAS:
The LOFAR Tied-Array All-Sky Survey

New Millisecond Radio Pulsars Found in Fermi LAT Unidentified Sources
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LOTSS:
LOFAR Two-metre Sky Survey




Pulsar searching and its challenges
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LOFAR discovers >76 new pulsars

J0039+35 J0059+69 JO0100+80 JO107+13 JO115+63 JO121+14
53.04 pc/cc 63.53 pc/cc 55.76 pc/cc 22,02 pelce 65.04 pc/cc 17.77 pe/ec
0.5367 s 1.1459 s 1.4936 s 1.1974 s 0.5215 s 1.3890 s

J0139+33 J0210+58 J0250+58 J0302+22 JO0305+11 JO317+13
21.21 pc/cc 76.70 pc/cc 45.8 pc/cc 19.09 pc/cc 27.97 pc/cc 12.90 pc/cc
1.2479 s 1.7663 s 23.5355 s 1:20/2 s 0.8621 s 1.9743 s PSR 10952_0607. 1 414 ms
Second Fastest
J0349+23 J0421+32 J0454+45 J0518+51 JO742+43 JO811+37
63.15 pc/cc 77.0 pc/cc 20.82 pc/cc 39.15 pc/cc 36.23 pc/cc 16.95 pc/cc
2.4208 s 0.9001 s 1.3892 s 0.9125 s 0.6062 s 1.2483 s

J0813+22 J0827+53 J0857+33 J0928+30 J0935+33 J1017+30
52.29 pc/cc 23.103 pc/cc 24.025 pc/cc 21.95 pc/cc 18.35 pc/cc 27.16 pc/cc
0.5314 s 0.0135 s 0.2430 s 2.0915 s 0.9615 s 0.4528 s PSR J0250+5854: 23.5 s
Second Slowest
J1226+00 J1235-02 J1303+38 J1334+10 J1344+66 J1404+11
18.50 pc/cc 18.8 pc/cc 19.000 pc/cc 24.00 pc/cc 30.02 pc/cc 18.48 pc/cc
2.2851 s 3.5976 s 0.3963 s 09111 s 1.3941 s 2.6505 s

J1426+52 J1529+40 J1623+58 J1635+23 J1638+40 J1643+13
25.37 pe/ice 6.61 pc/cc 26.40 pc/cc 37.60 pc/ec 33.35 po/es 35.97 pc/cc
0.9958 s 0.4764 s 0.6518 s 1.2087 s 0.7677 s 1.0991 s

d

Sanidas et al. 2019A&A...626A.104S



LOFAR discovers >76 new pulsars
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PSR J0250+5854 is so slow it defies the pulsar death line
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PSR J0952-0607 is so fast and heavy it pushes NS physics

New Millisecond Radio Pulsars Found in Fermi LAT Unidentified Sources | \
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Pulsar Timing with LOFAR
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Folding pulsar data
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Folding pulsar data

J0811+3729 J0928+3039
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Pulsar Timing
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Pulsar Timing

Pulsar
parameters Instr.

At = Ac+Aa
Pg
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Pulsar

parameters
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Pulsar orbital
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Pulsar Timing

Pulsar Pulsar orbital _
parameters  parameters instr. ISM ) pulsar orbit
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Pulsar Timing

Pulsar Pulsar orbital _ _
parameters  parameters instr. ISM pulsar orbit

At = Ac+Aa+Ar, +Arg +Asy, —D/f* + Ave +As

Py P

e w Pulsar ephemeris
.
P PSRJ J1915+1606
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Pulsar Timing

Pulsar Pulsar orbital _ _
parameters  parameters instr. ISM pulsar orbit

At = Ac+Aa+Ar, +Arg +Asy, —D/f* + Ave +As
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LOFAR Pulsar Census

Pulsar spectra are more complex than simple power laws
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