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Abstract. The massive galaxies and their central supermassive black holes (SMBHs) co-evolution
scenario proposes that a gas-rich major merger can trigger the central starburst and feeding the
SMBH accretion, and then star formation is eventually quenched by quasar feedback. In this
evolutionary sequence, dust-obscured quasars may represent the critical transition phase between
starburst and unobscured quasars. Modeling the panchromatic emission of these hidden monsters
provides a unique way to explore their physical properties and therefore the co-evolution between
SMBHs and their hosts. However, most of modelling methods are not suitable for the extremely
luminous systems with obscured Active Galactic Nucleus (AGN) emission. Here we present two
case studies of panchromatic modeling of the extremely luminous dust-obscured quasars at the
cosmic noon.

Keywords. galaxies: evolution, galaxies: high-redshift, galaxies: active,quasars: general,
infrared: galaxies.

1. Introduction

Recently, a new population of luminous, dust-obscured galaxies (Wu et al. 2012)
has been successfully discovered with a so-called W1W2-dropout color-selected method
(Eisenhardt et al. 2012). Several works have suggested that those dust-obscured quasars
may represent a key transition phase during the evolution of massive galaxies, link-
ing starbursts and luminous unobscured quasars (Wu et al. 2012, Dı́az-Santos et al.
2016, Fan et al. 2016a, Fan et al. 2016b, Fan et al. 2017, Fan et al. 2018b). Modeling
the panchromatic emission of these hidden monsters provides a unique way to explore
their physical properties and therefore the co-evolution between SMBHs and their hosts.
Here we present two case studies of panchromatic modeling of the extremely luminous
dust-obscured quasars at the cosmic noon.

2. Panchromatic modeling

Sample: Our sources studied here are selected from the WISE All-Sky Source catalog.
The basic idea of sample selection is to search for more heavily obscured galaxies at high
redshift (z > 1.5), whose W1 (3.4 µm) and W2 (4.6 µm), sampling the rest-frame near-
infrared obscuration, are faint or undetected by WISE, but whose W3 (12 µm) and
W4 (22 µm) emission, tracing the hot dust heated by starbursts and/or AGN, are well
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Figure 1. left: A schematic description of our basic idea for panchromatic modelling of the
extremely dust-obscured quasars at z ∼ 3. Right: An example of UV-to-FIR SED fitting of
W2246-0526 at z = 4.6 with SED3FIT. The contribution of AGN accretion disk to the H-band
has been constrained by the HST F160W image decomposition.

detected with SNR>5. Most of them are extremely luminous dust-obscured quasars at
1< z < 4 suggested by UV/optical spectra and X-ray data (Wu et al. 2012).

IR SED decomposition (Fan et al. 2016a): We select 22 submm-detected
dust-obscured quasars with spectroscopic redshift. Their observed IR SEDs have been
constructed by combining WISE, Herschel PACS and SPIRE, JCMT SCUBA-2 850
µm data and other available millimeter observations. We use a Bayesian SED analysis
approach (Han & Han 2012, Han & Han 2014) to decompose the observed IR SEDs into
two components: torus and cold dust. We can compare the different models by using the
Bayes factor. One-dimensional and two-dimensional marginalized posterior probability
distributions of the model parameters and the derived quantities can be obtained.
An example of UV-to-FIR SED fitting (Fan et al. 2018a) We construct the

rest-frame UV/optical-to-far-IR SED of W2246-0526, a WISE -selected, hyperluminous
dust-obscured galaxy at z = 4.6. We use the three-component SED-fitting code SEDFIT
by (Berta et al. 2013). In the right panel of Figure 1, we present the best-fit model SED
(solid line), which provides a rather good description of the rest-frame UV/optical-to-
far-IR SED. The high spatial resolution HST H-band image of W2246-0526 has been
decomposed with a Sérsic + PSF model. The flux of the decomposed PSF component is
about six times weaker than the Sérsic component. We assume that the PSF component
comes from the scattered AGN emission. AGN contamination has the negligible effect
on the stellar mass measurement of W2246-0526.

References

Berta, S., Lutz, D., Santini, P., Wuyts, S., Rosario, D., Brisbin, D., Cooray, A., Franceschini,
A., et al. 2013, A&A, 551, 100

Dı́az-Santos, T., Assef, R. J., Blain, A. W., Tsai, C.-W., Aravena, M., Eisenhardt, P., Wu, J.,
Stern, D., & Bridge, C. 2016, ApJ (Letters), 816, L6

Eisenhardt, P. R. M., Wu, J., Tsai, C.-W., Assef, R., Benford, D., Blain, A., Bridge, C., &
Condon, J. J. 2012, ApJ, 755, 173

Fan, L., Han, Y., Fang, G., Gao, Y., Zhang, D., Jiang, X., Wu, Q., Yang, J., et al. 2016, ApJ
(Letters), 822, L32

Fan, L., Han, Y., Nikutta, R., Drouart, G., & Knudsen, K. K. 2016, ApJ, 823, 107

https://doi.org/10.1017/S1743921319001352 Published online by Cambridge University Press

https://doi.org/10.1017/S1743921319001352


270 L. Fan, Y. Han & K. Knudsen

Fan, L., Jones, S. F., Han, Y., & Knudsen, K. K. 2017, PASP, 129, 124101
Fan, L., Gao, Y., Knudsen, K. K., & Shu, X. 2018, ApJ, 854, 157
Fan, L., Knudsen, K. K., Fogasy, J., & Drouart, G. 2018, ApJ (Letters), 856, L5
Han, Y., & Han, Z. 2012, ApJ, 749, 123
Han, Y., & Han, Z. 2014, ApJS, 215, 2
Wu, J., Tsai, C.-W., Sayers, J., Benford, D., Bridge, C., Blain, A., Eisenhardt, P., Stern, D.

et al. 2012, ApJ, 756, 96

https://doi.org/10.1017/S1743921319001352 Published online by Cambridge University Press

https://doi.org/10.1017/S1743921319001352

	Panchromatic modeling of the extremely luminous dust-obscured quasars at the cosmic noon
	Introduction
	Panchromatic modeling



<<
  /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


