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LOFAR
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LOFAR FR606 at Nancay
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* international mode: ~90% of observing time
* stand-alone mode: 10+% of the time

* 3-4% of total LOFAR collecting area

* low spatial resolution - wide beam

* good sensitivity

* observing time available

* ideal for high observing cadence (1/week)

— particularly suited for pulsar studies
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Pulsar monitoring

normally, pulsars are very stable, but
occasionally, they do change!

* changes in pulse profile
* changes in rotation period
* changes in DM, RM, scattering, ...
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[Cognard et al. 1997]

[J. Donner, in prep.]



Pulsar monitoring

observations:
* international LOFAR stations in France, Germany, UK, Sweden

* data since early 2013 (cycle 0 - now)
* weekly monitoring of ~100 pulsars
* data processing e.g. at Nancay

preprocessed datafile

refolded data
ITERATION

data +
profile template
TOA lists
improved pulsa
parameters
time evolution : DM(t)




Dispersion measure variations

Dispersion Measure variations for PSR B0138+59 Dispersion Measure variations for PSR B0950+08
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Pulsar monitoring: B2217+47

[Michilli et al., in prep]



Pulsar monitoring

project:
* international LOFAR stations in France, Germany, UK, Sweden
* data since early 2013 (cycle 0 - now)
* weekly monitoring of >100 pulsars
* data processing e.g. at Nancay

next steps:
* combine data before/after June 2014 (Artemis/LuMP)
* continue observations (increase timespan)
* follow-up data-analysis

goal:
- ISM studies (density, turbulence, ...)
- monitor changes of the pulsar (e.g. profile, glitches, ...)
- help improve high-precision pulsar timing at higher freq.
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Fermi LAT

electron-positron pair

Large Area Telescope
30 MeV to 300 GeV

2nd instrument
Gamma-ray burst monitor
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The Fermi sky

Mo assacialian B Possible associalbon with SNE or FWh LTE
Futsar & Globular clustor #+ Starburst Galaxy & PWR
Birary + Gakaxy o SNR + Mova
Star=forming reglan

3FGL source catalog

3033 total sources (>40)

Red: Firm 1.D. (232, mostly pulsars)

Blue: ‘Association’ (> ¥ of sources, mostly blazars)
Black: No I.D. ( < ~¥%s of sources). Treasure trove!




The Fermi pulsars

new radio MSPs:
* discovered with Fermi
 confirmed in radio (NRT)

The first two MSPs J2017+0603 and J2302+-4442
seen by FERMI (3 energy bands) and Nancay




The Fermi pulsars

new radio MSPs:
* discovered with Fermi
* confirmed in radio (NRT)

other Fermi pulsars were | . e 5 ‘
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The first two MSPs J2017+0603 and J2302+-4442
seen by FERMI (3 energy bands) and Nancay




Why radio-quiet?

a pulsar is radio-quiet because...

weak radio emission

low chance for FR606

15



Why radio-quiet?

a pulsar is radio-quiet because...

weak radio emission radio-beam misses Earth

beam might cross

Earth at low frequency
low chance for FR606 ~>?
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Radio beaming

high l'."jt
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last open B-field line ~ ™

Frequently, the radio LOFAR HBA
beam is at LOFAR LBA
frequency
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FR606 nondetections

* international LOFAR station FR606

* data processing at Nancay

* 21 targets, ~10h/target

* so far: almost all targets observed (non-detections)

* what can we learn from non-detections?
— upper limits on flux and spectral index!
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Fermi radio-quiet follow-up

project:
* international LOFAR station FR606, data processing at Nancay
* 21 targets, ~10h/target

status:
* so far: almost all targets observed once (non-detections)
* working on flux limit

next steps:
* re-observe (1 target/week)
* improved processing
* maybe try lower frequencies (LBA, 10-90 MHz)?

goal:
— contribute to pulsar population studies
- find an interesting MSP 7
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LBA observations

1133416 B1133+16_D20180308T021203.ar
Freq: 67.731 MHz BW: 38.088 Length: 3598.651 S/N: 84.486
T T - T T T T T -

1133+16 B1133+16_D20150308T021203.ar 1133+16 B1133+16_D20160308T021203.ar
Freq: 68.945 MHz BW: 38.086 Length: 3599.651 5/N: 84.476 Freq: 68.945 MHz BW: 38.086 Length: 3599.651 S/N: 84.473
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Joint LBA+HBA observations

J1509+55831 B1508+55_D20160412T211201_LBA_HBA.ar
Freq: 108.297 MHz BW: 140.039 Length: 3599.568 S/N: 465.880
| . | |

J2219+4754 B2217+47_D201604137061201_LBA_HBA.fixed3
Freq: 122.714 MHz BW: 116.211 Length: 3599.133 S/N: 446.401
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LBA catalogue
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LBA catalogue

project:
* international LOFAR station FR606, data processing at Nancay
* 8 h/week (observations since ~04/2016)

status:
20 detections

next steps:
* complete catalogue, compare to LOFAR observations
* improved processing
* maybe try lower frequencies (LBA, 10-90 MHz)?

goal:
— contribution to pulsar population studies
- study ISM at low frequencies
- frequency-dependent DM?
- (in a second step): pulsar monitoring

— preparation for NenuFAR
25
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