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First LOFAR millisecond pulsar discovery!
Pleunis et al., in prep.

2 Pulses of Best Profile Search Information
Candidate: ACCEL_Cand_t RAjp000 = 15:53:10.0500 DEC 1000 = 54:37:27.1100
Telescope: LOFAR Best Fit Porometers
Epochtopo = 57427.32083333333  DOF 4 = 25.43 x = 23. 317 P(Noise) < 4.22e—132 (24.40)
Epochygy, = N/A DlsperS|on Measure (DM pc/cm’) = 22.901
sample = 4.096e—05 top (ms) = 2. 4278166401(393) y (ms) = N/A
Data Folded = 29276160 P iop o (s/s) = 0.0(6.0)x10~ (s/s) N/A
Data Avg = 1.53e+05 P"topo (s/s?) = 0.0(3.2)x10™1° P“bo,y (s/s?) = N/A
Data StdDev = 1306 Binary Parameters
Profile Bins = 32 b (8) = N/A e = N/A
Profile Avg = 1.399e+11 a sm( )/c (s) = N/A w (rad) = N/A
Profile StdDev = 1.249e+06 T .= N/A
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Survey for millisecond pulsars

- . Exotic new
Binary Stellar Evolution .
e.g. Tauris (2011) Millisecond Pulsars

e.g. Ransom et al. (2014)

The Neutron Star

Equation of State
e.g. Demorest et al. (2010)

Shapiro
delay



Fermi unidentified sources

3000 y-ray point sources

Sk ‘.M..ﬂ. &

1000 still unidentified

Gamma-Ray Pulsars
e.g. Grenier & Harding (2015)



Fermi unidentified sources
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Flux density (m]y)

LOFAR advantages

pulsars can have very steep spectra LOFAR profiles

Bates et al. (2013) Kondratiev et al. (2015)
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Survey setup

need complex voltage data;
want maximum data rate

48 sources
(galactic longitude > 10°)
+ 2 test pulsars

21 LOFAR
Core stations
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LOFAR challenge: correcting for the ISM

dispersive delay
a priori unknown

oM X DM y 2

Incoherent dedispersion:
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LOFAR challenge: correcting for the ISM

dispersive delay

a priori unknown

oM X DM y 2

, Coherent dedispersion:
IR VA e.g. Hankins (1971), Hankins & Rickett (1975),

Ve Uy 2y van Straten (2003)
A Y ANGE
.. ) ,%/

“the convolution of raw signal
voltages with the inverse of
the ISM transfer function”
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LOFAR (semi-)coherent dedispersion search
Bassa et al., in prep.

coherent DM trial step size =1 pc cm™
incoherent DM trial step size = 0.002 pc cm

v=135 MHz, 39 MHz BW, 40.96 us sampling, 1600 channels
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LOFAR (semi-)coherent dedispersion search
Bassa et al., in prep.

55TB ...........

raw data per
observation
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A W N =

node 19
node 20

after 24
DR@ ET hours of
GPU cluster pl’OCeSSing
with

subband 1 I node 1 |DMtrial 1-4]| -
subband 2 ----- node 2 |DMtrial 5-8] - up to 05
subband 3| --i - node 3 [DMtial 9-12] i PetalFlOPS

subband 4 T ..... node 4 |DM trial 13-16] ... X

: transpose over

the network  : ______ pulsar
°  candidates

subband 19| =i k- node19 [DM trial 73-76] -

subband 20| ==* i node20 |DM trial 77-80| -
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PSR J1552+5436

Pleunis et al., in prep.

first LOFAR millisecond pulsar
first aperture array millisecond pulsar
lowest observing frequency
at which an MSP is discovered

pPs = 2.43 ms; DM =22.9 pc cm™; d = 1.225 kpc
iIsolated or in a long period binary
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Future prospects

PSR J1552+5436 LOFAR survey for

| | Fermi gamma-ray
non detections using Lovell and

Nancay at L-band SOUrces
LOFAR DDT proposal approved: DR@ET
start timing and measure spectrum GPU cluster

millisecond pulsar discovered at the
lowest observing frequency

Pulsar surveys with SKA-low for ultra-steep spectrum pulsars
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