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Scientific interests ASTRON

Current

@ Interstellar scintillation and the local ISM: AGN, Pulsars, GRB’s,
(any) transients, ...

@ Galactic synchrotron foreground polarimetry

@ Active Galactic Nuclei: nuclear variability, double—double radio
galaxies and recurrent activity

@ Clusters of galaxies (diffuse emission)
@ High redshift HI: damped Ly-« absorbers, Epoch of Reionization
(LOFAR)
Past
@ Radio emission from young (extragalactic) SNR
@ Optical spectrophotometric monitoring of Seyfert galaxies
@ Radio gravitational lensing
@ Surveys of the sky, e.g. WENSS/WISH
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Other interests ASTRON

Technical / radio interferometry
@ synthesis array calibration (WSRT, LOFAR, SKA)
@ extreme dynamic range issues (> 108 : 1)
@ radio polarization methods (RM-synthesis)
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Well-being of others
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Nature Vol, 299 14 Ociober 1982 597

ARTICLES |

ngh dynamic range mappmg of strong radio
_sources, with application to 3C84
o " J. E.Noordam & A. G. de Bruyn

Radiosterrenwacht, Postbus 2, 7990 AA Dwingeloo, The Netherlands

A new reduction procedure is described to correct data obtained by the Westerbork Synthesis Radio Telescope. The
technique allows very high dynamic range mapping of strong radio sources by also using redundant interfe s. The
performance is illustrated with 6-cm and 21-cm continuum maps of 3C84, which have a dynamic range of about
10,000:1,




Fig. 2 The convolved 21-cm map
of August 1980 supetimpoged on a
deep optical photograph'®. North
is up and east to the left; the.
area shown measures 16.5x 18 arc
min. The resolution {30x45arcs
FWHM) can be judged from the
appearancs of the point source in
the upper-right quadrant. A point
source of flux density 13.2Jy has
been subtracted at the on of
the cross centred on NGC1275. The
. displayed contour levels are =5, 0
© (2.5)10 (5) 40, 60, 80, 160, 320 and
.640 mJy per beam; the peak bright-
ness is at 2,060 mJy per beam, The
true zero level varies slightly across
_ the map but Lies at about —2.5 mJy
in the inner 10 arc min of the map.







0301+411 (1989)
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Figure 2: Contour map of the radio source 0309+411
obtained with the WSRT at 327 MHz. The contour levels
are 1.6 x (-6,-3,3,6,9,12,15,18,21,24,27,30) and 1.6 x
(60,90,120,150,180,210,240,270) mJy/beam. The factor
1.6 corrects for the primary beam attenuation. The peak
flux density of the source is 480 mJy. The coordinates
are in arc seconds relative to the core of 0309+411.
North is up, east to the left.
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Figure 3: Contour map of the radio source 0309+411

obtained with the WSRT at 608 MHz. Contour levels are
5.9 x (—1.2,—0.6,0.6,1.2,1.8,244,3,3.6,4.2,4.8,5.4,6.0)
and 5.9 x (9,12,18,24,30,36,42,48) mJy/beam. The factor
5.9 corrects for the primary beam attenuation. The peak
flux density of the source is 380 mJy. The coordinates
are relative to the core.
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NGC 1265, IC 310 (49 and 92 cm)siiring (1997) LX)

RA. (1950)

)

RA. (1950) Fig. 3. a (upper) Total intensity distribution of IC 310 at 49 cm un.
cted for primary beam response. The contour levels are —0.8

B 1 2 (ppen) Toal ety disibtion o the ralio oy (dashed), 03,15, 25. 5. 8. 15. 25, 50. 80 and 150 mly/beam. The

uncorrected for prima se. Thecs ‘greyscales have the same intensity levels. The primary beam response:

tourlevelsare ~0.8 dashed), 03, 1.5.25,5.8,15.25,50,80.150. 20, is 0.70. b (lower) Same as a at 92 cm. The contour levels are 2.5
> (dashed), 2.5.5.10,20,40, 0, 160:0d 320 miy/beam. The greyscales

o The
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Perseus returns: proposals

3. Short title (10 words maximum) of proposed programme

Nature of the polarized diffuse emission in the Perseus cluster

4. Abstract (Concise summary of the proposal)

We propose a new deep radio continuum study of the Perscus cluster at 21em. The main science driver is the nature ‘
of the dif ‘
of the central radio source by the hot d
lle on the baryonic

se polarized emission, first discovered in 1995, If, as we suspect, the emission is due to Thomson scattering

se gas in the cluster we can study the latter distribution, providing an X-ray
ass in the cluster. Using the Rotation Measure of the arized emission we

|
ield. The observations will complement 1
1

independent h
can also derive the strength and topology of the large scale cluster magnetic f
now higl 4u Lty 80100 cuaobscervations abtained u-Doec 2002
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Perseus returns: proposals

3. Short title (10 words maximum) of proposed programme

Nature of the polarized diffuse emission in the Perseus cluster

4. Abstract (Concise summary of the proposal)

he nature

We propose a new deep radio continuun study of the Perscus cluster at 21em. The main science driver is
of the dif
of the central radio source by the hot diffuse gas in the cluster we can study the latter distribution, providing an X-ray
independent handle on the baryonic mass in the cluster. Using the Rotation Measure of the arized emission we
can also derive the strength and topology of the large scale cluster magnetic field. The observations will complement

se polarized emission, first discovered in 1995, If, as we suspect, the emission is due to Thonmison scattering

uew high guality 80,100 cinobservations abitained u-Dec 2002

In 1995 the cluster was re-observed in 2lem continuum radiation by de Bruyn in an attempt to image the polarized
emission in the cluster. The results of this 6x12h 21cm continuum observation using the 8x5 Mhz DCB in 1995 are
shown in Figure labed. The peak flux divided by the rms noise in clean areas is more than 1 million to 1 (de Bruyn,
1996, High Sensitivity Radio Astronomy Workshop, Jodrell Bank, Ed. N. Jackson. CUP). The noise level in these

1ages is about : icroJy/beam and revealed in the Stokes V image. This is not the place to discuss the origin of
arious artefacts in the Stokes Q and U images. Suffice it to say that there is no doubt that there is wide-spread
e polarized emission approximately centered on 3C84 and extending over at least 30°, predominantly in the
SW-NE direction
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Stokes IQUV 21 cm (1995 unpublished) ASTRON

Plot file version 1 created 26-SEP-2002 17:42:18
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FiG. 3. From top left clockwise: Stokes I, Q, U and V. These are 21 cm WSRT observations of Perseus by de Bruyn (unpublished, see
also: de Bruyn (1996a)). The scale of the I images differs slightly from that of the polarized images. The Q and U images show diffuse
linearly polarized emission in the central parts of the cluster. An RM study of this emission may reveal its origi
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Perseus 1,000,000:1
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Perseus returns: TAC ASTRON

“The description of the analysis plan
"de Bruyn will reduce the data in
Newstar" is unsatisfactory for such a
significant request of 156 hrs.”
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Thomson scattering

O

\ , Towards observer
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Thomson scattering
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RM synthesis 1996

NETHERLANDS FOUNDATION FOR
- RESEARCH IN ASTRONOMY

NOTE 655

RM—Q.ynthesis via wide-band low-frequency polarimetry
MAART 1996

BY A.G. de Bruyn
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RM synthesis 1996

Future applications

We expect the new tool Lo be particularly powerful in the study of weally polarized extended
sources, such as giant radio galaxies where the RM’s are known to be small. Small changes
in the RM across the surface of extended sources should be easily traceabie, especially if these
HMs are showing some spatial coherence.

The wideband spectrometer (the DZB) currentiy being built for the WSRT makes it possible
Lo search for and study weakly polarized structure over a much wider range of RM. The side-
lobe levels in the RMTF that occur with an S-channel system will be much reduced when 128
frequency channels can be used to cover a wide (80 MHz) low frequency band.

Very small variations in M can be expected Lo occur close to the core of AGN when polarized
structure nioves relative to a foreground Faraday screen. With a sensitivity of 0.1 rad/m?
extremely sensitive measurements of the ionized gas around polarized radio sources can be
made. If several sources with a well-determined RM are found wihin the synthesized field of
view the fundamental limit imposed by the uncertainty of the ionospheric RAM can be avoided
by the study of differential RM variations. The diffuse galactic background emission, which is
highly polarized at low frequencies, and has a typical RM of = 5-10 rad/m? may well be useful
as & non-variable A reference.

The range in. BAL where the RM-syathesis technique will be a useful tool depends on frequency,
At 1400 MHz, and a bandwidth of 160 MHz, this range begins at a few hundred rad/m?. A prac
tical limit, in real radio sources, wiil oceur when depol ation due to fine-scale stracture in BM
within the beam, i.e. beam-depolarization, begins to dominate over bandwidth-depolarization.

A final tulriguing possibility opened up by
af the Farad

low frequency wide-band polarimetry is the study
rotating material within radio sources. The Fourier-relationship between the
complex polagization and the Faraday depth’ suggests that observations over a large range in
[requency may be used 1o derive information about the spatial disposition of the emitting and
depolarizing material.
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WSRT Polarization imaging and RM synthesis

The highly polarized signal resulting from Thom-
son scattered emission will be added to, and
confused by, any polarized diffuse emission from
the cluster itself. The inner parts of clusters
(6 < 10') are depolarized by the combined cf-
fects of the very high RM, its small scale struc-
ture and beam and depth depolarization effects.
There is, however, also weak 92 cm diffuse emis-
sion in the region bounded by NGC 1275, NGC
1265 and IC 310, where depolarization effects
are expected to be significantly smaller.

Our Galaxy interferes with this polarized emis-
sion in two ways. First, it Faraday-rotates any
extragalactic polarized signal from the Perseus
cluster, and second, it adds its own often strongly
polarized emission.

Previous 21 em observations of the Perseus
cluster have shown faint (about 30 pJy/30"
beam) but highly structured polarized emission
spread over about 30" diameter and approxi-
mately centered at 3C 84 / NGC 1275 The
improved sensitivity and new wide bandwidth
correlator at the WSRT should allow us to char-
acterize this emission and through its RM dis-
tribution ascertain its origin.

In order to disentangle the Faraday rotation
and foreground emission effects we have acquired
new low frequency observations with the WSRT
in December 2002, We obtained a total of 6x 12
hours spanning 70 MHz total bandwidth di-
vided in 512 channels, ranging from 315 to 385
MHz

Tl Wt on bl Qoo hscic T adin Talacmmm o roaratad Tus 4ha A QTRON (Noathardarde Frardoatig

The new wideband data allows a sensitive search
in "RM-space’ across a field of view (about 3 de-
grees), hence extending well beyond the Perseus
cluster. 1t should therefore allow us to separate
cluster and foreground contributions. Images
in RM space are coherently summed Q and U
images for a range of acceptable RM values. We
expect the polarization sensitivity to be better
than 100 uJy/1’ beam. We hope to acquire
new 21 cm observations next winter.

Shown below are pairs of Q and U images
(hor.) for RMs of 50 and 60 rad m~2 (vert)
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First results suggest that we have detected po-
larized emission from both the Perseus cluster
and the Galactic foreground. The detected po-
larized emission is at a level of 0.5 to 1 mJy/2’
beam.
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Future ASTRON

Existing, but unpublished/(un?)processed data
@ WSRT at 150 MHz (Low Frequency Frontends / LFFEs 2005
@ WSRT at L-band 2004 6x 12h
@ WSRT at L-band (MFFE test with Tom Oosterloo, see Morganti)
@ LOFAR (nov 2013)
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