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A LOFAR search for radio pulsars
and transients In nearby galaxies
M33, M81, M82
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Scientific goals.

..
Neutron stars ‘%

* possess strong magnetic fields (B within 12 orders as stronger as on
Earth), but small sizes (R around 10 km, i.e. 5 LOFAR cores)
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Scientific goals
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Galactic & extragalactic pulsars

+ Lofar de’tggﬁon L3
‘oSun . T

* guide of the source birth rate,
pulsar population, the spatial and
flux density distributions

* prebes, ofi ISM.in. host. galaxies as
well as intergalactic medium

* ink between the geﬂw evolution
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Deleterious effects

e Distance d: Socd °
* Dispersion: Socy ?

* Scattering: Socv *
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Past surveys In Local Group
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* Nearby galaxies: NGC253, NGC300, Fornax, NGC6300
10, Willman 1, UMI dw, Dra dw, Scl dw, Sex dw, CVn I, Leo I-II,

11, And II, 1ll, VI, XI-XIV; Leo A, IC 1613, LGS 3, Peg dw, M31, M33

GBT, WSRT
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Periodicity Search

2 Pulses of Best Profile
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Single-Pulse Search
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Why LOFAR?

* HBA, 120 — 240 MHz - frequency range approximately coincides with the peak of
pulsar flux density distribution (Stappers et al. 2011)




LOFAR Observations of nearby
galaxies M33, M81, and.._l}ﬂ_@g

(Stellar) Triangulum Galaxy (M33, d =0.73 — 0.94 Mpc)
(Stellar) Bode S Galaxy (M81 d = 3.50 -3. 74 Mpc)
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LOFAR pointings
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LOFAR Observational setup

Observational dates: March, 10 and May, 9, 2015
Telescope: LOFAR
Receiver: HBA
Backend: COBALT
Number of Tight-Array Beams:

— First observation: 90
— Second observation: 40

Polarisations/beam: 2
Central frequency: 146 MHz
Frequency Bandwidth: 68.5 MHz
Frequency channels: 11232
Sample time: 1310 us
Integration time: 14400 s
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Test pulsars

2 Pulses of Best Prefile 2 Pulses of Best Profile

Pulsar tint (S) subbands P (ms) DM (pcem™) S/Npeak
PSR J0332+5434 260 128 714.501 26.77 99.21

PSR J0953+0755 600 288 253.063 2.969 63.92

Both successiullyAfiounaiin perodicity
p and'single-pulse searches “ %0
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FPhase Fhase
% L123456_SAPD_BEAMO fits L342968_SAPO_BEAMO.fits

Test profile for the 714 ms PSR Test profile for the 253 ms PSR
J0332+5434. J0953+0755.

LOFAR Science 2016, Zandvoort aan Zee, The Netherlands

=== —




Data analysis

LTA - Cartesius » PRESTO
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Sensitivity estimates for MW

2 &
P — Si5 diagram
Manchester et al. 2005
Kondratiev et al. 2015
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Sensitivity estimates for NGs
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analysis — SPS
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Summary

* Search for radio pulsars and other time-domain transients
galaxies M33, M81, and M82 with the currently highest possible
sensitivity at low frequencies
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USing 130 LOEAR Beams in total, we have searched up to: DMs ofi 1000
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Data analysis — PS

minimum detectable flux density
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Data analysis — SPS

S;fﬂrmin :_} e
search criteria DM > DM., where DM, = 25 pc cm
W < 50 ms
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minimum detectable flux density
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