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Abstract. We report the first detection of [NII] 122 pmline toward a QSO-SMG pair, BRI
1202-0725, at z =4.7 using ALMA. Combining with [NII] 205 um line detection and taking
the line ratio of [NII]122/[NII]205, we constrain electron densities of both galaxies. The derived
electron densities are 26712 and 134fgg cm ™2 for the SMG and the QSO, respectively, which are
the first measurements for galaxies at z > 4. The electron density of the SMG is comparable to the
Galactic plane and the average of local spiral galaxies, while the value for the QSO is comparable
to local starbursts and optical-line based measurements for star-forming galaxies at z ~2-—3.
Considering the similar star-formation rates (SFRs) of ~1000 Mg yr~* for both galaxies, our
results suggest a large scatter of electron densities at fixed SFR and caution against using optical
lines for dusty starbursts. The details of this report are presented in Lee et al. 2019 (submitted).
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1. Introduction

Fine structure line transitions at far-infrared (FIR) and sub-millimeter wavelengths are
a powerful tool to probe dusty star-forming galaxies that form stars at a rate of ~ 1000
Mg yr~! or even above, because they are less affected by dust extinction compared optical
and ultra-violet emission lines. Two FIR fine-structure lines of [NII] (at 122 pm and
205 pm ) originate from fully ionized gas with the ionization potential of 14.5 ¢V and the
combination of these lines can be used as a probe of electron density.

BRI 1202-0725 at z = 4.7 is a pair system of two starburst galaxies (a QSO and a SMG)
that remains the archetype of gas-rich mergers. Extremely high FIR luminosities of the
QSO and the SMG (Omont et al. 1996; Iono et al. 2006; Yun et al. 2000, ~10'3 L)
imply vigorous star formation rate of ~ 1000 Mg yr~!. This unique system is an ideal
target for probing ISM conditions of dusty starbursts at high-z with rich ancillary data
sets. Here, we report the first detection of [NII] 122 pum with ALMA observations.

2. ALMA detection of [NII] 122 pym line from the QSO and the SMG

We detected [NII] 122 ymline from the QSO and the SMG with > 40. This is the
first detection for z >4 galaxies so far. Combining with [NII] 205 gm line detection for
both galaxies (Pavesi et al. 2016) and taking the [NII] line ratio, we derived the electron
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Figure 1. Left : The [NII] line luminosity ratio as a function of electron density. The two solid
curves are for different electron temperatures (7. = 8000 K and 25000 K). The line ratios for
the SMG and the QSO are shown as purple solid and dark orange dashed lines, respectively.
Right : The histogram for the distribution of electron density, based on the observed line ratio
of local spirals from Herrera-Camus et al. (2016) to compare with the BR1202-0725 system.
The remaining measurements are from Bennett et al. (1994) (MW:COBE), Goldsmith et al.
(2015) (MW : galactic plane), Petuchowski et al. (1994) (M82), Beirao et al. (2012) (NGC1097),
Diaz-Santos et al. (2017) (local LIRGs) (figures modified from the original in Lee et al. 2019,
submitted)

densities for both galaxies. We used the PYNEB package (Luridiana et al. 2015) to
perform the calculation. The derived electron densities are 26712 and 1347355 cm™? for
the SMG and the QSO, respectively. Considering the similar star-formation rates of
these galaxies, our results suggest a large scatter of electron densities at fixed SFR in
global scale. The electron density of the SMG is comparable to the Galactic plane and
local spirals whereas the QSO has a similar value to local starburst galaxies (Figure 1).
The enhanced value for the QSO is also consistent with the measurements of high-z
star-forming galaxies at z =2—3 (e.g., Sanders et al. 2016) which are obtained from rest-
frame optical lines, and with the lower limit obtained from the stacking analyses of lensed
starburst galaxies at z = 1—3.6 using the same [NII] tracers (Zhang et al. 2018). Provided
the varying degree of electron densities at similar SFR, our results demonstrate the power
of using the FIR [NII] lines in future systematic surveys for probing electron densities of
dusty starburst galaxies. The details are presented in Lee et al. 2019 (submitted).

References

Beirao, P., Armus, L., Helou, G., et al. 2012, ApJ, 751, 144

Bennett, C. L., Fixsen, D. J., Hinshaw, G., et al. 1994, ApJ, 434, 587
Diaz-Santos, T., Armus, L., Charmandaris, V., et al. 2017, ApJ, 846, 32
Goldsmith, P. F., Yildiz, U. A., Langer, W. D., & Pineda, J. L. 2015, ApJ, 814, 133
Herrera-Camus, R., Bolatto, A., Smith, J. D., et al. 2016, ApJ, 826, 175
Tono, D., Yun, M. S.; Elvis, M., et al. 2006, ApJL, 645, L.97

Luridiana, V., Morisset, C., & Shaw, R. A. 2015, A&A, 573, A42

Omont, A., Petitjean, P., Guilloteau, S., et al. 1996, Nature, 382, 428
Pavesi, R., Riechers, D. A.; Capak, P. L., et al. 2016, ApJ, 832, 151
Petuchowski, S. J., Bennett, C. L., Haas, M. R., et al. 1994, ApJL, 427, L17
Sanders, R. L., Shapley, A. E., Kriek, M., et al. 2016, ApJ, 816, 23

Yun, M. S., Carilli, C. L., Kawabe, R., et al. 2000, ApJ, 528, 171

Zhang, Z.-Y., Ivison, R. J., George, R. D., et al. 2018, MNRAS, 481, 59

https://doi.org/10.1017/51743921319004782 Published online by Cambridge University Press


https://doi.org/10.1017/S1743921319004782

	First [NII] 122 bold0mu mumu dottedm line detection in a starburst pair at bold0mu mumu z=4.7z=4.7dottedz=4.7z=4.7z=4.7z=4.7
	Introduction
	ALMA detection of [NII] 122mline from the QSO and the SMG



<<
  /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


