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Abstract. Here we present some preliminary results of our analysis of the combined Chandra
observations of the Pictor A radio galaxy. All the available Chandra data for the target, consisting
of multiple pointings spanning over 15 years and amounting to the total exposure time of 464
ks, have been included in the analysis. We studied in detail the PSFs of the core region in the
individual pointings, as well as the radial profile of the X-ray surface brightness of the source in
the combined dataset, in order to discriminate between the radiative output of the unresolved
core and the host galaxy. Based on these, we have performed spectral modeling of the active
nucleus, constraining its variability.
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1. Introduction

The radio galaxy Pictor A is one of the most prominent radio source in the Southern
sky. It is an excellent candidate for a comprehensive study of the physics of relativistic
jets, due to its large size and high luminosity of the extended lobes. Pictor A is also a
natural laboratory for investigating the physics of Active Galactic Nuclei (AGN), for its
strong emission-line spectrum, including broad forbidden and permitted lines.

2. The Analysis

Chandra has observed Pictor A on 14 separate occasions over the past 15 years, for a
total of 464 ks of the observing time. The pointings of the observations differ, and this
affects the quality of the available data for various regions of the source, because the
effective point spread function of the combined dataset is a complicated function of the
position. The other complication is that, due to a high flux of the Pictor A nucleus,
the Chandra spectra for the central parts of the source suffer from a significant pile-up
problem. Due to this fact, in their analysis of the AGN variability in Pictor A, Hardcastle
et al. (2016) has considered only the wings of the central PSF (from 6.3 px up to 29 px),
excluding in this way the pixels piled up at more than the 1% level at any epoch. Still,
due to the dependence of the PSF shape on the photon energy, the core spectra extracted
in this way had to be corrected further via simulations.
We have anayzed all the Chandra data for the target using software CIAO 4.9 and

CALDB 4.6.7. The readout streaks were removed for each observation and the events files
were then reprojected to a single physical coordinate system. The merge obs script was
used to produce merged events files, exposure maps and exposure-corrected (“fluxed”)
images after masking out point sources detected with wavdetect with minimum psf.
The resulting X-ray surface brightness profile of the central parts of Pictor A (up to
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Figure 1. Left: The surface brightness profile of the Pictor A central region, obtained for the
merged event file (red); the profile of the corresponding central PSF (not corrected for the pile-
up) is shown for a comparison (blue). Right: ACIS-S image of the central parts of Pictor A,
within the energy range 0.5–7 keV. AGN source extraction region (< 6 px) and the background
region (10 px–30 px, omitting the jet), are denoted by green contours.

Figure 2. Left: Fluxes calculated for individual observations with 0.5–7.0 kev energy range,
vs. observation time. Right: Relation between the 0.5–7.0 keV flux of the core and the photon
index of the X-ray continuum.

100 px� 50′′ from the core, i.e. ∼ 35 kpc at the source distance), is shown in Figure 1,
left panel. There we also present the profile of the central PSF, obtained by merging
the exposure-corrected MARX-simulated PSFs (50 simulated images for each pointings,
totaling to 700 PSFs). As the simulated PSFs have not been corrected for the pile-up,
a discrepancy can be seen in the figure between the observed surface brightness profile
and the PSF profile, within the innermost parts of the source.
For the AGN spectral analysis, we have extracted the source spectra from the circular

region with radius 6 px for each pointing; the backgrounds were taken from the annual
region (omitting the jet) with radii 10 px and 30 px, as shown in Figure 1, right panel.
Spectral fitting was done in SHERPA, assuming the simplest model consisting of the
absorbed power-law. In all of the cases, the intrinsic absorption was consistent with
hydrogen column densities much below the Galactic value in the direction of the source.
The results of the fitting are shown in Figure 2.

3. Conclusions & Future work

The next step of the analysis will include updated PSF simulations including the
pileup effect. With the properly characterized PSF shape, we will update also the source
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(AGN) and the background (host galaxy, plus extended lobes) regions, and perform a
more detailed spectral modeling, constraining also the presence of the iron line in the
source spectrum. The image deconvolution and the spectral modeling for the large-scale
jet and the extended lobes will also be performed.

Reference

Hardcastle, M. J., Lenc, E., & Birkinshaw, M., et al. 2016, MNRAS, 455, 3526

https://doi.org/10.1017/S1743921318005148 Published online by Cambridge University Press

https://doi.org/10.1017/S1743921318005148

	Preliminary analysis of the X-ray emission from the central regions of the PictorA
	Introduction
	The Analysis
	Conclusions & Future work



<<
  /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


