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MSPs: why LOFAR?

● Almost unexplored regime for MSPs

● Spectra: turn over or not?

● Profile and polarization evolution 
with frequency

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



  

D~320m

● Cycle 0 (most),
some in Cycle 1 and 2

● HBA, Core Stations
● 110 – 188 MHz
● 8-bit mode
● 400 subbands 
● Complex Voltages (CV)
● t = 5.12 µsΔ
● Typically for 20 mins
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Detected MSPs Kondratiev et al. 2015,
to be submitted

75 MSPs
observed



  

Detected MSPs Kondratiev et al. 2015,
to be submitted

 64%  of  observed  MSPs  Detected!
  48 — Detections, 27— non-Detections 

75 MSPs
observed



  

Detected MSPs
Best 
20-min
profiles
(for most)



  

MSP Multi-Frequency Profiles 



  

MSP Multi-Frequency Profiles 

~25% - scattered,    ~40% - weak,  ~35% - strong, narrow profile



  

Original MSP B1937+21      

Joshi & Kramer 2009

P = 1.56 ms
DM = 71 pc/cc

τ
scat

 = 

2 — 18 ms
(1.3 — 12 P)



  

MSP LBA detections 

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

38–77 MHz



  

MSP detectability 

✔ DM < 20:
detected 25 out of 28

✔ DM = 20-100: (50/50)
     22 detected
     23 not detected

✔ DM > 100:
1 detected (DM = 104.5)
2 not detected (DMs: 164, 297)

DMs  are in units of pc/cm3

dispersion measure

T
sc

a
t/
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Flux calibration 
In general (see e.g. Lorimer & Kramer 2005):

For high-frequency observations
with generic single-dish telescopes:

► Δf / f << 1
► Beam shape(AZ, EL, f) ~ const
► Gain(f) ~ const
► Tsys (f) ~ const

C = SEFD



  

Flux calibration 
In general (see e.g. Lorimer & Kramer 2005):

For high-frequency observations
with generic single-dish telescopes:

► Δf / f << 1
► Beam shape(AZ, EL, f) ~ const
► Gain(f) ~ const
► Tsys (f) ~ const

LOFAR

► Δf / f ~ 0.5
► Beam shape has strong

dependence on AZ, EL,
and frequency, and thus
the gain, G

► Gain(f)  ≠ const
► Tsys = Tsky + Tinst
► Tsky(f) ~ f -2.55

► Tinst(f) ≠ const
► Tsrc(f) ≠ const

C = SEFD



  

Beam model 

«AKW» model by Arts M., Kant G., & Wijnholds S. (2013)

● 1st verson of the improved Hamaker model (2006) → BBS
● Provides full EM sumulations of a 48-tile HBA station,

including edge effects and grating lobes
(Hamaker's model is based on an infinite array of elements)

● Flux values with both models agree with a factor of ~1.5 for most of the MSPs

AKW model → Aeff for a given frequency range, AZ, and EL

In practice →  
Table of 91 ELs * 361 AZs * 29 frequencies

● AZ, 0 — 360 deg, 1-deg step
● EL, 0 — 90 deg, 1-deg step
● Frequency, 110 — 250 MHz, 5-MHz step

Note! When calibrating, for a given EL   Aeff  is averaged over all azimuths, 
as the stations are randomly rotated. 



  

Aeff vs. ZA

one 48-tile station



  

BG/P 

data

N – number of 48-tile stations

S/N ~ N0.85

Coherence scaling 



  

BG/P 

data

N – number of 48-tile stations

S/N ~ N0.85

Coherence scaling 

COBALT

● Preliminary tests showed larger de-
coherence with increasing number of 
stations
● Currently under investigation using 
new set of raw UDP data (and also 
syntetic data?)



  

Instrumental temperature, Tinst

Wijnholds & 
van Cappellen 

(2011)

5th order polynomial 
function of the frequency

based on CasA 
measurements



  

Pulsar profile, S/N

OFF-window

Xi
mean
rms

(S/N)
i
 = (X

i
 - mean) / rms

i — profile bin

Flux
i
 = (S/N)

i
 * SEFD



  

Flux calibration 
In general (see e.g. Lorimer & Kramer 2005):

C = SEFD

β — digitization factor = 1  
GL, GB — Galactic longitude and latitude
γ — coherence factor ≈ 0.85
N

s
 — number of stations used

n
p
 — number of polarizations (2)

A
eff

 — effective area of a 48-tile station

ξ — average fraction of bad/flagged 
dipoles/tiles
ζ — RFI fraction
nbins — number of bins in the profile
T

obs
 — observation length (s)

Δf — frequency channel width (Hz)



  

●tsky.py – Tsky (GL, GB, freq) or (RA, DEC, freq)

● lofar_tinst.py – T of the instrument (both HBA and LBA)
--plot – Tinst-vs-Freq diagnostic plot

● lofar_gain.py – Aeff (freq, EL) for a 48-tile station (HBA only)
--plot  - diagnostic plots

●snr.py – calculate S/N using different methods (Q-Q 
probability plot, Off-pulse range, Polynomial to the baseline), 
so one can choose proper method and/or other parameters 
(fscrunching/bscrunching, off-pulse window) for flux 
calculation 

Flux software use -h option to get help

Functions available to return values for the list of 
frequencies when one imports module in Python, 
e.g. import tsky



  

● lofar_psrflux.py – to calculate flux density in mJy for a given
PSRFITS file (ar-file). First tscrunching all observation (so, 
good only for not very long ones)
--plot – diagnostic plots
--spectrum #NCHAN – to produce calibrated spectrum for N 
output channels, and plot

● lofar_fluxcal.py – to calibrate the samples in mJy in the PSRFITS file (or
writes out new file). Calibrates separately individual sub-integrations. 

use -h option to get helpFlux software (cont.)

Both programs can read .h5 file to get number of stations. Unfortunately, info about
the flagged tiles is not yet available for Beamformed data... Currently, this info can be
obtained from Science Support (Wilfred) and passed to a program via command-line
option --flagged

Next → LBA beam model → calibration 



  

Example of Flux Spectrum  (lofar_psrflux.py)

B1257+12



  

Other factors 
affecting flux measurements
● Scattering → hard to get S/N, it is underestimated

● Refractive scintillations. 
Can change pulsar flux by a factor of ~1.5. Need long-term monitoring program
Diffractive scintillations is not a factor → averaged out, Δν

d
 < 0.2 MHz

● Beam jitter by the ionosphere.
Can be up to ~2 arcmins, i.e. half the Full-Core HBA TA beam (at half maximum)

● Variation of Tsys with time due to rise/set of the Galactic plane (up to 30-40% 
difference (?) when Galactic plane is in the FoV) and other strong background sources.
Also with pointing direction due to noise coupling effects.

Despite these factors:

● We've got ~20% agreement with EOR data for the new LOFAR pulsar J0815+4611
● Preliminary general agreement on a number of pulsars from HBA census
● Currently, our MSP flux measurements are being compared with flux estimates from 

the MSSS images (Rene Breton)



  

MSP flux densities @ 150 MHz

Derived from
high-frequency
data

Derived from
Kuzmin & 
Losovsky (2001)
at 102 MHz

δ>20%, δ=W/P — duty cycle
δ<20%

known spectral index

unknown spectral index



  

Summary:
 

● First large sample of high-quality MSP profiles below 200 MHz (Kondratiev et 
al. 2015, to be submitted). 48 MSPs detected out of 75 observed. Currently in the 
Cycle 3, we are timing 35 of detected MSPs.

● Developed pulsar flux calibration (Python scripts, in the USG repository) based 
on the AKW beam model for the HBA data.

● Work on LOFAR MSP flux spectra, compare with high-freq data from the 
literature. Measure spectrum indices. Do MSP spectra turn over?

● and... 
► Cobalt coherence tests (with Alexander, JD, Michiel)
► LBA beam model (Stefan?)  LBA data calibration →
► Flagged tiles info  HDF5  BF metadata (JD)→
► Further calibration development, e.g. take into account contribution of the 

Galactic plane and background sources in FoV to Tsys
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