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Abstract. The Medicina and Noto radiotelescopes have been employed for over 14 years to
monitor the flux density variations of a vast sample of blazars at different radio frequencies.
Radio data are essential components of blazar spectral energy distribution (SED, spanning from
radio waves to gamma rays), whose trend with luminosity and shape changes provide decisive
information on the physics of extra-galactic jets and, eventually, on the mechanism extracting
energy from the central black hole in radio-loud AGN. Observations presently carried out at
5, 8 and 24 GHz have taken advantage of the continually evolving control system installed at
the antennas. A new, batch-wise analysis tool was also produced, in order to easily handle and
reduce the datasets acquired in monthly sessions. We here describe the latest developments and
achievements.
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1. Overview

The name Blazars identifies a family of radio-loud Active Galactic Nuclei (AGN) show-
ing a rather complex phenomenology: extreme variability at all wavelengths, polarization,
strong gamma-ray emission and brightness temperatures exceeding the Compton limit.
The large amount of work done in the last decade has led to a rather general consensus on
the global mechanism responsible for the emission: a rotating black hole surrounded by
a massive accretion disk with an intense relativistic plasma jet closely aligned to the line
of sight. Relativistic electrons produce the soft photons through synchrotron emission,
while hard photons are likely produced by inverse Compton scattering. This overall sce-
nario, however, still presents a large number of poorly understood details which, in turn,
lead to a wide variety of models and call for long term and multi-wavelength campaigns
capable of providing the necessary observational constraints.
Variability measurements provide key information on the AGN structure, down to

linear scales or flux density levels not accessible even with interferometric imaging. The
mechanisms for variability are still not well understood. Possibilities discussed in the
literature include shocks in jets, changes in the direction of forward beaming due, e.g., to
helical trajectories of plasma, to a precessing binary black-hole system, or to a rotation of
a helical jet, introducing flares due to the lighthouse effect and variability due to colliding
relativistic plasma shells. Thus, variability furnishes important clues into size, structure,
physics and dynamics of the radiating source region.
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2. Our project

Since blazars are highly variable it is important to take simultaneous broad-band radio
spectra. We proposed such simultaneous observations back in 2004, and in 2007 our
project was approved as a key project at INAFs Institute of Radioastronomy. We have
hence performed monthly multi-frequency (5, 8, 22/24 and 43 GHz) observations on a
vast sample of blazars, which includes some of the brightest and most studied blazars
detected in gamma rays by Fermi and AGILE. Details are provided on the project website
(Bach et al.). Data from this project have produced about 40 refereed publications,
mostly resulting from the participation to multi-wavelength campaigns by the Whole
Earth Blazar Telescope (WEBT).
Since December 2011, all the sessions taking place in Medicina have been carried out

using a new control software, developed to fully exploit the single-dish potential of the
Italian radio telescopes. We achieve a good characterization of the source flux density
with a few cross-scans on each target source. On the brightest targets, each scan provides
an estimate of the flux density to within 10%, while for the faintest sources stacking of the
individual scans yields a good signal-to-noise detection. Since 2017, also the Noto sessions
are carried out using such system. As the 43 GHz receiver is now under maintenance,
the only observations performed in Noto are the 5 GHz acquisitions. This constitutes a
precious contribution, as such frequency band is highly polluted by RFI in Medicina.

3. Dealing with an evolving dataset: introducing CAP (Cross-scan
Analysis Pipeline)

During the 12+ years of acquisitions, a large dataset was formed, evolving during the
development of the overall control system. To handle it, we produced a new, compre-
hensive reduction pipeline able to perform a batch (re-)analysis on the data, if needed,
of any epoch. Such tool has very recently been completed and made available on a
GitHub repository, which also provides a basic wiki.
CAP is devoted to the integration, analysis and calibration of the total power

cross-scans produced by the Italian radio telescopes, including the soon-to-be-operative
Sardinia Radio Telescope. It is a set of IDL-programming-language (Exelis) tools, devel-
oped to process cross-scans (FITS files) acquired on point-like targets. It allows the users
to perform the analysis through the following phases:
• rearrange the date-based datasets, separating acquisition in frequency-based folders;
• visually inspect and flag the data [optional];
• estimate the atmospheric opacity via the observed “skydips” [optional];
• retrieve the proper calibration factors from cross-scans acquired on flux density

calibrators (considering Perley & Butler 2013);
• integrate scans on the target sources and obtain flux density measurements, taking

into account both the atmospheric opacity (if provided) and the antenna gain curve, also
correcting for pointing offset;
• reprocess the measurement list and average measurements recorded in different takes

[optional].
The final output products comprise (but are not limited to): tables listing the measure-

ments obtained on calibrators and the raw-counts-to-Jy conversion factors hence derived,
tables with the raw amplitudes and calibrated flux densities measured on the targets,
plots showing the single acquisitions and the integrated scans, with overlaid fitted data
- both for flux density calibrators and targets. Two examples of the achieved results are
provided in Fig. 1.
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Figure 1. Radio flux density measurements of two of the monitored sources. The temporary
unavailability of some of the receivers, the occurrence of stops due to HW and SW upgrades
and the increasing incidence of RFI in low-frequency bands have affected the timeline. However,
the visible lack of 22-GHz measurements since 2011 is mostly due to the analysis still being
underway.

References

Bach, U. et al. www.mpifr-bonn.mpg.de/staff/ubach/bmonit/
WEBT, www.oato.inaf.it/blazars/webt/
CAP GitHub repository, https://github.com/discos/CAP
CAP wiki, https://github.com/discos/CAP/wiki

https://doi.org/10.1017/S1743921318007962 Published online by Cambridge University Press

https://www.mpifr-bonn.mpg.de/staff/ubach/bmonit/
https://www.oato.inaf.it/blazars/webt/
https://github.com/discos/CAP
https://github.com/discos/CAP/wiki
https://doi.org/10.1017/S1743921318007962

	Update on the Multi-Frequency Monitoring of Blazars with Medicina and Noto
	Overview
	Our project
	Dealing with an evolving dataset: introducing CAP (Cross-scan Analysis Pipeline)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


