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Pulsars with LOFAR...
It all started June 14th, 2007
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Credit: Karuppusamy & Stappers

CS1 Pulsar First Light
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Nov. 2008: The first of many busy weeks
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Tied-array beams with a whopping 4 tiles!
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But things progressed quickly

Pulsar/Planet Busy Week I

Dec 7-11, 2009

Credit: van Leeuwen
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What a difference a year and a
half can make...
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Automation: 100+ Pulsars Detected with LOFAR
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Flexible Beam-forming

(sparse aperture array)
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Beam-formed modes ...there are many possible.

Mode |Description| Data Rate | FOV | Reés. | Sens.
(sq.deg.) | (deg.) (norm.)
Stations added without
Incoherent oo 2-250 GB/hr 12,5 2 6,0
(par. imaging) correction.
Tied Statlons addes F IEEES PR 0,2 0,03 36,0
1€ _array properly in phase. B : ’ ’ ’
Sin gl e Fort_projetc;‘ts:( \I/vith high
Stati e 2-250 GB/hr 12,5 2 1,0
ation requirements.
Superstation | ectve sadrev. | Up to 23TB/hr 9,0 0,2 12,0
; Maximize total FoV f
Fly’'s Eye |orighttransientsurvey.| UP 0 8TB/r | 450 2 1,0

First Science with LOFAR - Dalfsen - Sept. 14th

ASTRON



Beam-formed modes ...there are many possible.

Mode |Description| Data Rate | FOV | Reés. | Sens.
(sq.deg.) | (deg.) (norm.)
Stati dded without

Incoherent =0 hace | 2-250 GBIhr - 2 6,0

(par. imaging) correction.

Tied-array | e 0,03 36,0
Single i ; -
Station ’

Superstation | ety and Fov. | U to 23TB/hr 9,0 0,2 12,0
FIY'S EYE  |bront tansentsuver| UP to 8TB/hr 450 2 1,0
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B0450+55
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Multiple Station Beams.

C.redit:. Hessels - . . £ 4P
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@ 24MHz
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simultaneous multi-beam
observations in the LOFAR low
band

Credit: Hassall & Hessels

Haslam 408 MHz map courtesy of LAMBDA
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Fly’'s Eye Observation with 47 HBA stations

CS_CS001HBAD
"B0329+54
ChiSq =364.77773

CS_CSo005HBAO
"B0329+54
ChiSq = 565.06294

CS_CS021HBAO
_B0329454
ChiSq =57.31635

CS_CS032HBAD
B0329+54
ChiSq =385.26261

CS_CS001HBA1
"B0329+54
ChiSq = 388.51273

CS_CS005HBA1
"B0329+54
ChiSq = 537.82193
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"B0329+54
ChiSq = 834.32741
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"B0329+54
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CS_CS021HBA1
__B0329454
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CS_CSo024HBAD
_B0329454
ChiSq =681.56604

Punes of Dest Profle

1L

CS_CS032HBA1
"B0329+54
ChiSq = 76.68948

1L

CS_CS301HBAO
"B0329+54
ChiSq =213.04046

CS_RS106HBA
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ChiSq =3029.99251

CS_CS301HBA1
"B0329+54
ChiSq = 139,77018

CS_RS205HBA
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ChiSq =1546.22172
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CS_CS302HBAD
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_B0329454
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2 Puses of Best Profie

CS_CSo007HBAO
"B0329+54
ChiSq = 532.57645

2 Puses of Best Profle
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ChiSq =1.08989
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2 Puses o Best Profle
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ChiSq = 654.37374

CS_CS007HBA1
"B0329+54
ChiSq = 769.30047
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LOFAR Coherent
Superterp Data

Superterp Combined in Phase-“» ‘
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Credit: Hessels & Griessmeier

First Science with LOFAR - Dalfsen - Sept. 14th, 2011 ASTRON



- LOFAR Tied-Array Multi-Beam

T A
See Mol & Romein 2011 for multi-beam tied-array benchmarking results
Credit: Hessels, Stappers & Scaife
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Pulsar Detection < 30MHz
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Coherent dedispersion

laken from "Handbook of Pulsar Astronomy” by Lori

PSR J0034-0534 with LOFAR
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Incoherent dedispersion Coherent dedispersion

Shift frequency channels in time Apply inverse filter to raw voltages

Credit: Romein, Hessels, Mol
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Polarimetry of PSR B0834+06

HA = -2 HA = -1 HA=0 HA = +1 HA = +2 HA = +3

» Polarization profile is very stable as a function of hour angle

RM ~ 27 e Calibration errors on the order of ~5-10%"?

Credit: Sobey & Noutsos
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ar Observations

L

PSR B0329+54 X A

™~

Credit; Alexov, Heald & Hessels
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What's working

. . In principal with all
stations.

. . only for
Superterp. >100 beams possible!

. . In principal with all stations.
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>100 beam Tied-Array!!

Pulsar in the center of
FoV

__RSP100
_B2:

&
_82217447 E: 7 E221704 _822
Chiq = 30.38404 75 o Chigq = 127 555

_BZ217447 _82

Chidq = 137 97 Chidg

_B2217447 _ _B2217~ _B221744
ChiSq = 1828691 ChiSq = 64 882 q = 540039

¢
_B2217447 8221744 1744 _B2217~ 2 _822 7
ChiSa » 140 75444 CaiSy = 101.08400 ChiSq = 16.19378 ChiSq = 60.00042

L‘
SO S

CS__msP74
_B22) i _82217447 822
ChiSq » 0101057 ChiSq » 83.90120 Ch ChiSq » 23 50295

C5__RSP7O 55__RS c ! 2 3 cs__Rspie !
_B221744 _83217+ _ 822 _B2217447 + BZ: _82217+
ChiSq = 1588508 ChiSq = 40 7348 Bq 7 ChiSq = 10.40200 ChiSq = 21508190

Pulsar is 10x brighter in
the correct (center) beam!

28__Rs| 51 7 CS__RSPoS
_83217+ B 747 _ _ _ _B3217447
ChiSq = 24.234! 0 2 7 ChiSq = 4130432
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RSP 100

2217
ChiBq = 5.21577

C5_RSP112
82217447
Chiq = 18.48732

_B2217447
ChiSq = 9420081

RSP101

174
Chiig = 10.14438

B2217447

= 13,0038

_BZ217047
CHBq = 927371

c

>100 beam Tied-Array!!

c
62217447
85q = 3585374

_EZ217447

Bq = 384102
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Chigq =40 98888
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ChiSq » 4100880

_RS
_B3217447
Caig = 113 $4320

Credit: Alexov & Hessels
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Shifted 1 deg south

R5PI21
82217447
=36 22300

cs__w

221744
=20 82470

Pulsar is 10x brighter in
the correct beam
beam 7)!
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Tile-out Primary Beam with Many “Tied-Array” Beams

y

' Impo.rtan‘t:to'.r.egain FoV
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VWhat needs work

. . especially important for
incoherent mode.

. - single clock,

. . point in different
dhecﬁons

. €.g. sub-array

observatlons W|th L BA and HBA.
: move to HDF5 and

more user-frlendly data products (DAL).
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Summary

e The basic "beam-formed” data
modes are working robustly.

e Offline pipeline exists to read these
data into a number of publicly available
pulsar software packages.

e Final steps need to be taken to
provide user-friendly data products
(e.g. metadata).
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