
  

LOFAR Science 2014, Amsterdam — Apr  8, 2014

Millisecond pulsars at low
frequencies with LOFAR

Vlad Kondratiev (ASTRON)

and
Jason Hessels

Joris Verbiest, Ben Stappers
and LOFAR Pulsar Working Group



  

LOFAR Pulsar Working Group
Jason Hessels (co-lead)
Ben Stappers (co-lead)
Anya Bilous
Thijs Coenen
Sally Cooper
Heino Falcke
Jean-Mathias Grießmeier
Tom Hassall
Aris Karastergiou
Evan Keane
Vlad Kondratiev
Michael Kramer
Masaya Kuniyoshi
Joeri van Leeuwen
Aris Noutsos
Maura Pilia
Maciej Serylak
Charlotte Sobey
Sander ter Veen
Joris Verbiest
Patrick Weltevrede
Kimon Zagkouris

ASTRON/Universiteit van Amsterdam
University of Manchester
Radboud Universiteit Nijmegen
Universiteit van Amsterdam
University of Manchester
Radboud Universiteit Nijmegen
LPC2E/CNRS/Université d'Orléans
University of Southampton
University of Oxford
Swinburne University of Technology
ASTRON
MPI fűr Radioastronomie
MPI fűr Radioastronomie
ASTRON/Universiteit van Amsterdam
MPI fűr Radioastronomie
ASTRON
University of Oxford
ASTRON
Radboud Universiteit Nijmegen
Universität Bielefeld
University of Manchester
University of Oxford



  

MSPs vs. PSRs
MSPs formation

D. Lorimer (2005)

P ~ 1-10 ms
Pdot ~ 10-19 s/s
B ~ 108 –109 G

R
LC

 = cP/2π

       ~ 102 –103 km 



  

MSPs: why low freqs?

● Almost unexplored regime for MSPs

● Spectra of most MSPs do not turn over

● Profile and polarization evolution with frequency

● Time variability of DM, RM and SMs from the ISM
    → Improve high-frequency timing



  

D~320m

● Project LC0_011
● HBA, Full Core
● 110 – 188 MHz
● 8bit mode
● 400 subbands 
● Complex Voltages
●  t = 5.12 μsΔ

Observations
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Detected MSPs Kondratiev et al. 2014,
nearly submitted



  

Detected MSPs Kondratiev et al. 2014,
nearly submitted

 69%  of  observed  MSPs  Detected!
  38 — Detections, 17 — nonDetections 



  

Detected MSPs Kondratiev et al. 2014,
nearly submitted



  

MSP detectability 

✔ detected: all 8 with DM < 10
✔ not detected: DM > 105
✔ DM = 10100:

     32 MSPs detected
     13 MSPs not detected

✔ On average spectral indices 
are larger at higher DMs  for 
detected MSPs



  

Cordes & Shannon (2010)

Timing with LOFAR?



  

Cordes & Shannon (2010)

Timing with LOFAR?

✔ 1 μs scatt. at 1400 MHz is 10 ms scatt. at 140 MHz

✔ 1 ms scatt. at 140 MHz is 100 ns scatt. at 1400 MHz



  

Dispersion measure (DM) variations 

V
plasma

 ≠ 0
V

PSR
 ≠ 0 } DM = DM(t)



  

DM variations 

V
plasma

 ≠ 0
V

PSR
 ≠ 0 } DM = DM(t)

Keith et al. 2013 time (MJD)

DM offset (10-4 pc cm-3)



  

DM variations 



  

DM variations 
Keith et al. 2013



  

● Provide LOFAR 
''ISM Weather'' report
(on shorter time scales 
from single observation)

● Independent DMs to 
compare with high
frequencies 

DM variations 



  

MSP LBA detections 

LBA non-detections: J1012+5307, J1022+1001, J1024-0719
B1257+12, J1810+1744, J2317+1439



  

MSP MultiFrequency Profiles 



  

MSP MultiFrequency Profiles 

Mostly unscattered



  

Summary:

● Great start with MSP detections with LOFAR ― 38 out of      
55 observed). First large sample of ''high-quality'' MSP profiles 
below 200 MHz  (Kondratiev et al. 2014, nearly submitted, 
flux calibration to be addressed first).

● DM variations for 2 MSPs with secular DM drift from high-
freqiency observations with Parkes (from Keith et al. 2013) 
agree with LOFAR DM measurements.

● Continued timing will measure high-precision DMs, RMs,  
and scattering and their long-term variations. We will make 
these data publicly available.



  

Archibald et al., 2009

Credit: Bill Saxton
(NRAO) P = 1.69 ms

Porb = 0.198 d
d ~ 1.3 kpc

LMXB/MSP ''Missing Link''
J1023+0038      



  

Precise DM 
measurements 
will allow for 
more stringent 
GR tests

Elevation was 
only 6 deg 
at transit!

''A''pulsar in the 
double pulsar system J0737–3039      



  

Original MSP B1937+21      

Joshi & Kramer 2009

P = 1.56 ms
DM = 71 pc/cc

t
scat

 = 

2 — 18 ms
(1.3 — 12 P)



  

The LOFAR Weather Report
Hemberger & 
Stinebring (2008)

✔ 1 ms scatt. at 140 MHz is 100 ns scatt. at 1400 MHz

✔ 1 μs scatt. at 1400 MHz is 10 ms scatt. at 140 MHz

✔ Do LOFAR DMs/Scatt. agree with those at highfreq?



  

Profile widths 

profile is affected by
scattering, or weak, 
or both



  

Profile variations 



  

MSP flux densities @ 150 MHz

Derived from
Kuzmin & 

Losovsky (2001)
at 102 MHz

Derived from
high-frequency
data



  

MSP Timing Campaign
Cycle0: 
17 MSPs

Cycle1: 
34 MSPs

38 slow psrs



  

MSP Exploration and Timing Campaign



  

MSPs: why low freqs?

● Almost unexplored regime for MSPs

● Spectra of most MSPs do not turn over

● Profile and polarization evolution with frequency

● Time variability of DM, RM and SMs from the ISM
    → Improve high-frequency timing
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