19 June 2017, Bologna, Italy

xj

International

Centre for

Radio

Astronomy Mengyao Xue

Research

A Low Frequency Census of
Southern Pulsars with the MWA

5
%
@ Jo

Ramesh Bhat, Steven Tremblay, Stephen Ord,

i
. Charlotte Sobey and Nick Swainston
%,

ry

THE UNIVERSITY OF
9@1’2@ WESTERN AUSTRALIA

S
&O"OLARS\’“? & - e
CRIMSTRD 2




@-ﬁ Outline

o Low-frequency studies of pulsars

« MWA and MWA-VCS
o Data and processing pipeline
e Results

o Future work and summary

~ Acensus of Southem pulsars with the MWA  2/18



/_-\ [ ] [ ] [ ]
ﬂ?ﬁa\ Pulsar studies at low radio frequencies
=/

« The first pulsar was discovered at 81.5 MHz

. Provide insights into the emission mechanism of pulsars

- Profile evolution with frequency | = L
A 7850.0 MHz '[P‘»\ 1
- Spectral index (low frequency turn over; | v
break; flattening) A i 15001 e
Magnetic :
. . . ( . - 1416.0 MHz
« Provide valuable information about > 3; 5
. . : 5 1358.8 MHz g
the interstellar medium Pulsar ‘ Y g
o / A 1813MHz (L
_ Galactic Free Electron Density Model . 9 A iown |8
7 %
_ Galactic magnetic field ‘ 3 157.1 MHz
. Rotati 145.0 MHz
. Future pulsar detection prospects e
N\ 72.4 MHz
with the SKA1-low g _ )\
2l 64.6 MHz
| : 5\48.1 MHz
Not to scale!

Credit: Tom Hassall
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o) MWA & MWA-VCS
</
Murchison Widefield Array (MWA)
o Working frequency: 80-300 MHz
o 128 Tiles (each consists 16 dipoles, 4x4 dual polarisation array)

o Instantaneous bandwidth: 30.72 MHz
Voltage Capture System (VCS) of MWA

o Time resolution: 100 ps

o Frequency resolution: 10 kHz
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'\i@ A Southern Pulsar Census with MWA

. All cataloged pulsars (PSRCAT v1.56)
[ Exclusive sky using MWA at 80-300 MHz
Observable sky using MWA
Lowest declination observable using LOFAR




@ Work Flow of MWA-VCS Data Processing

(28TB per hour)

Download

Recombine

~ Centred on
each PSR (full polarimetric,
inconherent sum Coherent sum |~ 400GB per hour)
(100GB per hour) o
(

Processed fits
for one obs

\_
N is the total number of tiles, i.e. 128
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@ﬁ Observational data used in this census

o Archival data for a variety of scientific projects
Pulsar emission studies
Monitoring of millisecond pulsars
Rotating Radio Transients (RRAT) observing
Searching for FRBs

e ~47/106 hours (59/136 observing sessions) VCS observation at 185MHz
Efficiently cover the sky

Make use of VCS data that have been pre-processed for other research
purpose



(@ Processing Pipeline
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Pawsey tape
storage

< T
MWA OBS ID Downloz_ald
observations observation

Pre-processin .
P J For each observation

For each pulsar

[
pulsar (

e ~N
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| | catalogue nown pulsar list dedispersion and :
| =

I and ephemeride folding (presto) |
I I
I I
~ /

MWA beam

Yes

Refine P and DM;
calculate S/N, S

WIPP

model

WIPP: Wide-field Pulsar Pipeline

List No
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I/CRAI's Results
o/
65 pulsars in 47 hours of observations, 6 millisecond pulsars (MSPs)

Known (catalogued) pulsars outside the MWA's Dec limit

e Known pulsars visible to the MWA
* MWA-VCS pulsars




@ MWA primary beam pattern
@185 MHz

Beam for 1088850560, 184.96 MHz, ALL-pol Beam for 1140972392, 184.96 MHz, ALL-pol
0 0

pointing to zenith with strong grating lobe
Azimuth: 0° Elevation: 45°
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an\ Pulsar detected in grating lobe

2 Pulses of Best Profile

PSR J1141-6545
MWA observation 1140972392
Period: 394.05 ms

DM: 116.1 cm™pc Pointing center
HW WWM Significance: 6.90 RA 11h15m Dec: +18.73O
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Pulse profiles for MWA-VCS pulsars

J0034-0534

1.88 ms
DM= 13.77

J0630—-2834

1244.38 ms
DM= 34.24

J0034-0721

943.05 ms
DM= 11.12

J0742-2822

166.76 ms
DM= 73.75

J0418-4154

J0820-1350

75712 ms
DM= 24.54

&

J0437-4715

5.76 ms
DM= 2.64

1238.13 ms
DM= 40.94

J0823+0159

864.87 ms
DM= 23.73

J0837+0610

1273.77 ms
DM= 12.86

J0837-4135

751.62 ms
DM=147.45

J0855-3331

1267.54 ms J0922+0638
DM= 86.64

430.63 ms
DM= 27.30

J1022+1001

&

16.45 ms
DM= 10.25

J1430-6623

785.45 ms
DM= 65.08

J1112-6926

820.48 ms
DM=148.40

459.61 ms
DM=124.20

J1116-4122

AN

J1453-6413

943.16 ms
DM= 40.53

-~

179.49 ms
DM= 71.03

J1136+1551

J1456—-6843

1188.00 ms
DM= 5.02

263.38 ms
DM= 8.62

sosse+2200, 3370ms (@185 MHz
DM= 56.78
DM range:
J0835-4510 89.39 ms 264 tO 180
cm pc

Period range:
1.74 to 1960
ms

J0953+0755, 253.07 ms

J1141-6545, 393.90 ms

DM=116.08

J1507-4352, 286.76 ms

DM= 49.13
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J1534-5334

Pulse profiles for MWA-VCS pulsars

1368.88 ms
DM= 24.53

J1544-5308, 178.55 ms

DM= 35.14

J1607-0032

421.83 ms
DM= 10.60

J1645-0317

387.68 ms
DM= 35.76

J1708-1640

653.04 ms
DM= 24.90

J1731-4744

829.97 ms
DM=123.33

J1825-0935

ey

J1921+2153

w

J2022+2854

769.01 ms
DM= 19.38

Vit

1337.39 ms
DM= 12.46

M

1547.10 ms
DM= 36.23

J1751-4657, 742.40 ms

DM= 20.38

WWMM«N

J1752-2806

562.52 ms J1820-0427
DM= 50.25

598.04 ms
DM= 84.69

J1823-3106

284.07 ms
DM= 50.37

J1900-2600

612.24 ms|J1902-5105

DM= 37.99 ;

1.74 ms
DM= 36.24

J1932+1059, 226.54 ms

J2046-0421, 1961.84 ms

DM= 11.56

J1935+1616

358.77 ms
DM=158.52

J1913-0440

J1943-1237

826.03 ms
DM= 89.61

972.43 ms
DM= 28.92

J1917+1353

J2018+2839

194.63 ms
DM= 94.54

557.99 ms
DM= 14.14

J2048-1616

343.40 ms
DM= 24.63

&

J2145-0750

J2241-5236

2.19 ms
DM= 11.41

@185 MHz

DM range:
2.64 to 180
cm-3 pc

Period range:
1.74 to 1960
ms



RA@ Pulse Profile Evolution with Radio Frequency

JO837+0610

/\/\ 1408 MHz
A/\/L 1382 MHz
J\/\ 691 MHz
J//A\M’\\\\¥ 610 MHz
/\/\ 408 MHz
h 325 MHz
J\/\/ \ 243 MHz
185 MHz

/\/\ 143 MHz
J\/\w

I T T T T T T T T T 1

0.45 0.5 0.55

Phase

Normal PSR
Period: 1274 ms
DM: 12.9 cm=3pc

J1751-4657

3094 MHz

1369 MHz

433 MHz

\/VA«JNVV/\FJ 185 MHz
—
0.45 0.5 0.55 0.6
Phase
Normal PSR

Period: 742 ms
DM: 20.4 cm=3pc
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Cgﬁa\ MWA pulsar detections
=
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cnn)  Simulated pul lation (with
@ﬁ Simulated pulsar population (with PsrPopPy)
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.@ Summary

Current census:
 ~10% percent of the full MWA sensitivity

* Signals from each of the 128 MWA tiles are summed incoherently
 Summed polarisation (total intensity)

e 65 pulsars (6 MSPs & 2 non-recycled binaries) in 47 hours (59 observing
sessions) of VCS archival data

* Their flux densities and pulse profiles at MWA band have been compared
with other works

* Forecast the prospects of SKA1l-low pulsar detection capabilities
 Watch out for the paper Xue et al. (2017)

Our ultimate goal:
 Coherently beamform on hundreds of pulsars in the Southern sky

* Full polarimetric, high S/N detections

 SKA-low early pulsar science, pulsar observing and searching strategies,
estimating the potential of pulsar-related discoveries
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4,@;} Incoherent vs. coherent beams
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Giant pulse from the Crab Pulsar (J0534+2200)

50! S/N ~ 48 — incoherent | |

________________ —— coherent

~
o

W
o

Signal-to-noise
N
o

[
o

0.00 0.05 0.10 0.15 0.20

Credit: Bradley Meyers
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@ﬁ Estimating pulsar flux densities

S/N, period (P) and pulse width (W)

System temperature (Tsys)

Beam power } Gain (G)

Mean Flux density (S)

g . S/NpeakTSYS |44
mean — G\/nptintAf \/ P_W

n,: number of polarisations summed (=2)

t. .: integration time (5min~1.5hours)

Af: observation bandwidth (=30.72MHz)
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o — 2kp Tsys
\/7l-ptint Af.'\r 040ﬂ |

For single tile: / T_sys = 0.1 (Tingay et al. 2013)
1-sigma noise: SmJy

SIN~4 -> ~20mly @ 185 MHz
> ~7mJy @ 400 MHz
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