Challenges in Panchromatic Modelling with

Next Generation Facilities

Proceedings IAU Symposium No. 341, 2018 © International Astronomical Union 2020
M. Boquien, E. Lusso, C. Gruppioni & P. Tissera, eds. doi:10.1017/S1743921319002606

Panchromatic Analysis for Nature of
HIgh-z galaxies Tool (PANHIT)

Ken Mawataril?, Akio K. Inoue’®, Satoshi Yamanaka®®,
Takuya Hashimoto?? and Yoichi Tamura*

nstitute for Cosmic Ray Research, University of Tokyo, 5-1-5 Kashiwanoha,
Kashiwa, Chiba 277-8582, Japan
email: mawatari@icrr.u-tokyo.ac.jp
2Department of Environmental Science and Technology, Fuculty of Design Technology,
Osaka Sangyo University, 3-1-1, Nakagaito, Daito, Osaka, 574-8530, Japan
3National Astronomical Observatory of Japan, Osawa 2-21-1, Mitaka, Tokyo 181-8588, Japan

4Division of Particle and Astrophysical Science, Graduate School of Science,
Nagoya University, Nagoya 464-8602, Japan

Abstract. We have developed a new SED fitting tool specialized for frontier redshift galaxies.
It is a common case for high-z galaxies that the available data are restricted to rich optical
to near-infrared photometry and few far-infrared (FIR) data deep enough to detect the faint
object (e.g., HST /WFC3 + Spitzer /IRAC + ALMA). In such situation, one cannot perform a
complicated modeling of dust emission in FIR regime. We then adopt simple treatment for the
dust emission using empirical LIRG templates. Instead, we adopt a sophisticated and physically
motivated modeling for stellar and nebular emission parts in rest-frame UV-to-optical regime.
Our new code fits not only broad band photometry but also spectral emission line flux. There
is an option to fit observed SED with two templates with different physical properties. Our new
code, PANHIT, is now in public, and was already applied to some high-z frontier galaxies.
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1. Spectral model templates & Fitting algorithm

Our galaxy spectral models called as “SND” consist of the stellar continuum models
(S: Bruzual & Charlot 2003), the nebular emission models (N: Inoue 2011), and the
empirical dust emission templates (D: Rieke et al. 2009). Example of the three compo-
nents are shown in Figure 1. Stellar continuum spectra are generated with a wide variety
of age (0.1 Myr < age <10 Gyr), metallicity (0.0001 < Z < 0.05), and star formation his-
tory (Instantaneous burst, constant SFR, exponentially declining, and rising SFHs). User
defined SFHs can also be adopted. The nebular continuum and emission line fluxes are
calculated as functions of the ionizing photon production rate and metallicity of the
stellar component (see Mawatari et al. 2016 for more detail). The escape fraction of ion-
izing photons is a free parameter. We follow an analytic model (Inoue et al. 2014) for the
intergalactic medium attenuation. The same dust attenuation, Ay, is applied to both the
nebular line flux and the stellar continuum, where users can select an attenuation law
among the Calzetti et al. (2000) law, Small Magellanic Cloud law (SMC law; Prevot et al.
1984), and Milky Way law (MW law; Seaton 1979). The attenuated energy is re-radiated
in the infrared wavelengths. The dust emission is described by the empirical templates of
luminous infrared galaxies (LIRG) as a function of the dust emitting infrared luminosity
(Lir), where we assume L is equal to the luminosity attenuated by dust.

In the template fitting, we followed the x? minimization algorithm for data includ-
ing flux density upper limits (Sawicki 2012). Not only broad band photometry but also
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Figure 1. Our spectral models in the three components: (A) Stellar continuum with three dust
attenuation laws, (B) Dust emission spectra that come from the empirical LIRG templates, and
(C) Nebular continuum and line emissions.

spectral line flux can be fit. Fitting with a composite of two SND templates with dif-
ferent properties is available as an option, where fraction of two components’ SFRs at
their birth ages is parameterized (fsrr). A Monte-Carlo (MC) technique is adopted to
evaluate significance of the fitting solutions and uncertainties associated with the fit-
ting parameters. The SND templates and fitting codes are available from our website:
http://www.icrr.u-tokyo.ac.jp/~mawatari/PANHIT /PANHIT . html.

2. Applications

Hashimoto et al. (2018) applied PANHIT to the most distant spectroscopically con-
firmed galaxy at z=09.1. Combining young and old components is required to explain
the observed [O 111]88um line flux and Spitzer /IRAC red color, from which they suggest
that this galaxy started the star-formation at z~ 15. PANHIT also has been used in
Hashimoto et al. (2019), Tamura et al. (2019), Mawatari et al. (2020), and Sunaga et al.
(proceeding of TAU 341 symposium). These studies show that our new SED analysis tool
is very useful to investigate detailed physical properties of frontier redshift galaxies.

References

Bruzual, G. & Charlot, S. 2003, MNRAS, 344, 1000

Inoue, A. K. 2011, MNRAS, 415, 2920

Rieke, G. H., Alonso-Herrero, A., Weiner, B. J., Pérez-Gonzélez, P. G., Blaylock, M.,
Donley, J. L., & Marcillac, D. 2009, ApJ, 692, 556

Mawatari, K., Yamada, T., Fazio, G. G., Huang, J.-S., & Ashby, M. L. N. 2016, PASJ, 68, 46

Inoue, A. K., Shimizu, I., Iwata, I., & Tanaka, M. 2014, MNRAS, 442, 1805

Calzetti, D., Armus, L., Bohlin, R. C., Kinney, A. L., Koornneef, J., & Storchi-Bergmann, T.
2000, ApJ, 533, 682

Prevot, M. L., Lequeux, J., Maurice, E., Prevot, L., & Rocca-Volmerange, B. 1984, A¢A,
132, 389

Seaton, M. J. 1979, MNRAS, 187, 73P

Sawicki, M. 2012, PASP, 124, 1208

Hashimoto, T., Laporte, N., Mawatari, K., Ellis, R. S., Inoue, A. K., Zackrisson, E.,
Roberts-Borsani, G., Zheng, W., et al. 2018, Nature, 557, 392

Hashimoto, T, Inoue, A. K., Mawatari, K., Tamura, Y., Matsuo, H., Furusawa, H., Harikane, Y.,
Shibuya, T., et al. 2019, PASJ, 71, 71

Tamura, Y., Mawatari, K., Hashimoto, T., Inoue, A. K., Zackrisson, E., Christensen, L.,
Binggeli, C., Matsuda, Y., et al. 2019, ApJ, 874, 27

Mawatari, K., Inoue, A. K., Hashimoto, T., Silverman, J., Kajisawa, M., Yamanaka, S.,
Yamada, T., Davidzon, 1., et al. 2020, accepted for publication in ApJ (arXiv:1912.10954)

https://doi.org/10.1017/51743921319002606 Published online by Cambridge University Press


http://www.icrr.u-tokyo.ac.jp/$\sim $mawatari/PANHIT/PANHIT.html
https://arxiv.org/abs/1912.10954
https://doi.org/10.1017/S1743921319002606

	Panchromatic Analysis for Nature of HIgh-bold0mu mumu zzdottedzzzz galaxies Tool (PANHIT)
	Spectral model templates & Fitting algorithm
	Applications



<<
  /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


