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• Motivation: GMF	

• Methods: RMs towards pulsars	

• LOFAR pulsar observations  

• MWA pulsar observations 

• Summary and future work

OVERVIEW
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[Berenice Abbott]
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CONTEXT/MOTIVATION
Galactic magnetic field: 

• Permeates diffuse ISM	

• Impacts many astrophysical 
processes 	

• Foreground to extragalactic & 
cosmological signals	

• Structure (and origin) still 
debated	

• No reversals in other galaxies!
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[Robert Hurt; van Eck et al. 2011]
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OBSERVABLES INFER MAGNETIC FIELDS
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• Observables (complementary): 

• Zeeman splitting 

• Synchrotron (I and P) 

• Starlight (P) 

• Thermal dust emission (P) 

• Ultra-High Energy Cosmic Rays 

• Focus: Faraday rotation 
measures! 

• Mostly 2-D tracers, strength/
direction, requiring ancillary data

[ESA/Planck collaboration /M.-A. Miville-Deschênes/CNRS]

[Reich 1982; Wolleben et al. 2006; Testori et al. 2008]
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PULSARS… AS 3-D PROBES OF THE ISM
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Previous work, e.g.:	
Manchester 1972;	
Manchester1974; 	

Rand & Lyne 1994; 	
Han et al. 1999, 2006; 
Noutsos et al. 2008,	
van Eck et al. 2011

• Distributed throughout Milky Way (extragalactic sources provide entire LoS)	

• Distances known (parallax) or estimated (DM distance with ne model)
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PULSARS… AS 3-D PROBES OF THE ISM
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• Distributed throughout Milky Way (extragalactic sources provide entire LoS)	

• Distances known (parallax) or estimated (DM distance with ne model)

• Currently: 2627 known pulsars; 
734 (28%) have published RMs	

• Complementary extragalactic 
RMs 41,632 (e.g. Oppermann 
et al. 2015)

[van Eck et al. 2011]
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LOFAR
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LOFAR

• 100-
250 
MH
z

•

HBAs
100-250MHz

(2x)24x
van Haarlem et al. 2013	

Stappers et al. 2011
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LOFAR PULSAR WORKING GROUP
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Ben Stappers (co-lead; Manchester)	
!
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!

!
!
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[See Stappers et al. 2011 for description of LOFAR’s pulsar modes]
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LOFAR MAGNETISM KEY SCIENCE PROJECT
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[See Beck et al. 2013 for LOFAR’s view of cosmic magnetism]
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LOFAR POLARISATION PROFILES
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• LOFAR’s large fractional bandwidth and collecting area produce high-
quality polarisation profiles of pulsars below 200 MHz (105—197MHz)

[Noutsos et al. 2015]

A. Noutsos et al.: Pulsar Polarisation Below 200 MHz

Fig. 5: The polarisation profiles of 20 pulsars observed with the LOFAR core at ⇠ 150 MHz. In each profile, the flux density of the
total (black lines), linearly polarised (red lines) and circularly polarised emission (blue lines) is shown in arbitrary units normalised
to unity. Above each flux profile, the profile of the polarisation angle (PA) of the linearly polarised emission is shown. Only PA
values corresponding to phase bins having a signal-to-noise ratio in linear polarisation of (S/N)L > 3 are shown. Above the PA
profiles, we show the values of the first derivative of the PA with respect to �2, calculated within our band, at the phases of the PAs
with (S/N)L > 5 (see section 6). As a reference, the published value of RM is indicated with a dashed, grey line, when it resides
inside the plotted range. For PSRs J0034�0534 and B2111+46, we have not detected linear polarisation of astrophysical origin
(see section 8.3.1). For 15 pulsars, the phase of the emission assumed to be generated nearest to the magnetic pole is shown with
a vertical, dashed line. The phase at the steepest PA gradient is shown with a vertical, dotted line, determined from RVM fits to
the PAs (green lines). For some pulsars, the PA values shown in grey were zero-weighted to improve the RVM fit (see Section 7
for details). The reduced �2

RVM of each RVM fit is shown for each profile. The temporal resolution and the o↵-pulse RMS of each
profile are shown near the bottom, left corner of the pulse profiles, with a square of corresponding dimensions. Finally, the weak
interpulse of PSR B0950+08 is shown in the inset box, magnified 50⇥.

1400 MHz profile of PSR B1237+25, which came from observa-
tions with Arecibo (J. Rankin, priv. communication). In addition,
the 1400 MHz profiles of the MSPs PSR J1012+5307 and PSR
J1022+1001 came from observations by Xilouris et al. (1998),
with the E↵elsberg telescope, and by Yan et al. (2011), with the
Parkes telescope, respectively.

For the purpose of presenting multi-frequency profiles in a
way that allows direct comparison, we attempted to align the
profiles across the di↵erent frequency bands mentioned above,
based on components that were present and clearly identifi-
able at all frequencies. The alignment of profiles from di↵er-
ent telescopes and observing systems is non-trivial because of

Article number, page 9 of 27
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‘NORMAL’ & MSP CENSUS PROFILES
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[Bilous et al. 2016]

A&A 585, A128 (2016)

Fig. 1. LOFAR total-intensity pulse profiles for all detected MSPs from the best (highest S/N) individual observations. The horizontal axes show
the pulse phase, and the vertical axes are the flux density in arbitrary units.

A128, page 8 of 27 [Kondratiev et al. 2016]

I 

• 158 ‘slow’ pulsars 	 • 48 MSPs
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MEASURING RMS USING RM-SYNTHESIS

14

• Burn 1966; Brentjens & de Bruyn 2005	

• LOFAR HBA data noiseless RMSF FWHM150MHz~ 0.8 rad/m2
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FARADAY ROTATION SKY

15

• LOFAR HBA pulsar RMs             
(Sobey et al. in prep.,        
~200 squares)	

• Current pulsar RM catalogue 
(Manchester et al.  2005,    
734 circles)	

• Extragalactic sources 
(Oppermann et al. 2014, 
background)
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LOFAR PULSAR RM RESULTS
• Catalogue of ~200 

ionosphere-
corrected RMs	

• ~±5uG with ~0.5% 
fractional error	

• ~90 new, others 30x 
more accurate	

• Distance 
measurements (e.g. 
VLBI parallax) highly 
desirable for 
accurate 3-D GMF 
reconstruction
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MEANWHILE… IN THE SOUTH
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• LOFAR HBA pulsar RMs             
(Sobey et al. in prep.,        
~200 squares)	

• Current pulsar RM catalogue 
(Manchester et al.  2005,    
734 circles)	

• Extragalactic sources 
(Oppermann et al. 2014, 
background)
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MWA
• Starting work on low-frequency RMs in the southern sky	

• Using Voltage Capture System (VCS; see Tremblay et al. 2015)
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[MWA project]

Curtin:  
Ramesh Bhat,	    
Steven Tremblay,  
Dilpreet Kaur, 	
Sam McSweeney, 
Bradley Meyers, 
Mengyao Xue,     
Nick Swainston	
!
!

CSIRO:  
Steve Ord 		
Swinburne:    
Ryan Shannon	
Onsala:  
Franz Kirsten	
UWM:  
David Kaplan, 	    
Joe Swiggum	
…

MWA-VCS group includes:
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MWA PULSAR OBSERVATIONS
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• Using ‘voltage capture mode’ with full polarisation	
• Currently verifying multi-frequency polarisation profiles 

(128-312 MHz ‘picket fence’)	
• RMs measured with complementary precision to LOFAR 

I 
L 
V

[Mengyao Xue] [C. Sobey]
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FUTURE PROSPECTS…
• Precision measurements enable ‘monitoring’ era (and investigation of smaller 

scales, e.g., turbulence and heliosphere)	

• Many ongoing (time/image-domain) pulsar surveys: increasing pulsar RM 
catalogue and therefore numbers of 3-D probes of the GMF
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…TOWARDS THE SKA
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[SKA]

• SKA will discover thousands more pulsars - 3-D tomography (Han+2015)	

• Highly desirable: well-understood polarisation characteristics             
and accurate ionospheric (RM) monitoring

[Michael Kramer]
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SUMMARY
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Low-frequency RMs towards pulsars — precise 3-D probes of the GMF	

LOFAR & MWA facilitate all-sky low-frequency RMs	

Towards DM/RM monitoring era, e.g., small-scale/turbulent structures	

Thank you for listening!         


