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Abstract. We present the physical properties of Lya emitters (LAEs) in a “DLA-concentrated
regions” where there are 3 or more DLA within (50 Mpc)® cubic box. We observed LAEs in a
DLA-concentrated region at z = 2.3, the J1230+34 field, with Subaru/Suprime-Cam. In the 50
Mpc scale, we found no deferences in properties of LAEs such as Lya luminosity function in the
DLA-concentrated region compared to other fields at similar redshift. On the other hand, we
found a ~10 Mpc scale LAE overdensity around a strong DLA with Ny = 102198 cm~2,

Keywords. quasars: absorption lines, galaxies: emission lines, galaxies: formation, large-scale
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1. Investing the properties of galaxies in “DLA-concentrated regions”

The damped Ly« absorption (DLA) system is a class of quasar absorption systems
with HI column density of Ny =2 x 10%° (e.g., Wolfe et al. 2005). Since DLAs dominate
the neutral gas content of the Universe (e.g., Noterdaeme et al. 2009), they are interesting
systems as rich gas reservoirs for the star-formation. However the connection of DLAs
with star-forming galaxies because identifying optical counterparts of DLAs is difficult
(e.g., Krogager et al. 2017).

For investigating the relationship between DLAs and galaxies, we define a
“DLA-concentrated region” as a region where 3 or more DLAs exist within a (50 Mpc)?
box (Ogura et al. 2017). This definition is based on the size of high-z protoclusters (e.g.,
Overzier (2016); Franck & McGaugh 2016). DLA-concentrated regions are interesting
because (1) we can effectively search for optical counterparts of DLAs there, (2) they
are good laboratories to study the connection of DLAs with galaxies, and (3) the high-
density environment is a key component in the context of the \CDM cosmology. We found
six DLA-concentrated regions at 2.255 < z < 2.330 (the Ly« line at this redshift can be

294

https://doi.org/10.1017/51743921319001388 Published online by Cambridge University Press


https://doi.org/10.1017/S1743921319001388
mailto:ogurakz@koshigaya.bunkyo.ac.jp
https://doi.org/10.1017/S1743921319001388

DLA-concentrated regions 295

S T Ae ~ 1 (logN = 20.15)
44 ‘ < s x| ] 10° 2 —— (logNu=21.08)
: X XK @, 3 — (logNm=2024)
. X LR TH 4 (logNy = 20.48)
= B«
6 * ,X'(' = .x.x x X ~
i~ @ x ¥ % X % & -4
&0 x % X % XX o 10
342 | > XXX @ 2
5] s X XX =1
g o 2
(=) X C x % ~ s
.
® - - g 10
X XX,\ X
%K X % X
X )
30l 4 x < x @
. X X X X 10-6
- . - - - 0 100 200 300 400
188.0 187.8 187.6 1874
RA. (deg) r (arcsec)

Figure 1. [Left:] Spatial distribution of LAEs (black crosses) and background quasars (blue
filled circles) in the J1230+34 field. The blue circles with surrounding red circles show the
position of DLAs at z ~ 2.3. LAEs shown by large red crosses have EWy > 200 A. The green
box shows the field of view of Suprime-Cam and gray filled circles show masked areas. [Right:]
The surface number density of LAEs around each DLA in the J1230+34 field. The vertical axis
indicates the surface number density of LAEs within a circular region at r. The horizontal axis
indicates the radius of the circular region from the position of each DLA. The dotted horizontal
black line indicates the average of the LAE density calculated for the entire J12304-34 field.

covered by the NB400 filter of Subaru/Suprime-Cam) from the the DLA catalog based
on the BOSS (Noterdaeme et al. 2012). Among six fields we found, the J1230+4-34 field
with 4 DLAs at z ~ 2.3 is the most interesting target because there are more absorbers
in the J1230+34 field than the other five fields. We investigate the properties of Ly«
emitters (LAEs) in the J1230+434 field through the narrow-band imaging observations
with Suprime-Cam using the NB400 filter (Ao = 4003 A and FWHM =92 A).

2. Result and Discussion

We detected 149 LAEs in the J1230+34 field. The left panel of Fig. 1 shows the
spatial distribution of LAEs, DLAs and background quasars. Based on this LAE sample,
we derived the Lya luminosity function (LF) and study the frequency distribution of
the rest-frame equivalent width (EWj) of the Ly« emission. In the result, we found no
difference in the Lya LF and the EW, distribution compared to those in other fields at
similar redshift. We then investigate the surface number density of LAEs around each
DLA (the right panel of Fig. 1). LAEs around DLA 2, which is the most gas-rich system
in the J1230+34 field, show a density excess over ~400” (~11 Mpc) relative to the
average density of LAEs in the entire target field. This may correspond to the gas-rich
young protocluster firstly traced by the DLA. Contrary, we found no LAE overdensity
around other DLAs. Due to the resonant nature of the Lya photon, LAEs may not be a
good tracer of galaxies in the gas-rich environment such as regions around DLAs. Further
observations without relying on the Ly« emission (e.g., Ho emitters LBGs, and so on)
is interesting to investigate detailed structures in the DLA-concentrated regions. DLA-
concentrated regions are interesting target for studying the early phase of the galaxy
evolutions in the future large surveys with Subaru/PFS, TMT, EELT, GMT and so on.

References

Franck, J. R. & McGaugh, S. S. 2016, ApJ, 817, 158
Krogager, J.-K., Mgller, P., Fynbo, J. P. U., & Noterdaeme, P. 2017, A¢A, 469, 2959

https://doi.org/10.1017/51743921319001388 Published online by Cambridge University Press


https://doi.org/10.1017/S1743921319001388

296 K. Ogura et al.

Noterdaeme, P., Petitjean, P., Carithers, W. C., Paris, 1., Font-Ribera, A., Bailey, S.,
Aubourg, E., Bizyaev, D., et al. 2012, A&A, 547, L1

Noterdaeme, P., Petitjean, P., Ledoux, C., & Srianand, R. 2009, A&A, 505, 1087

Ogura, K., Nagao, T., Imanishi, M., Kashikawa, N., Taniguchi, Y., Kajisawa, M., Kobayasi, M.
A. R., Toba, Y., Nobuhara, K., et al. 2017, PASJ, 69, 51

Overzier, R. A. 2016, A6AR, 24, 14

Wolfe, A. M., Gawiser, E., & Prochaska, J. X. 2005, ARA&A, 43, 861

https://doi.org/10.1017/51743921319001388 Published online by Cambridge University Press


https://doi.org/10.1017/S1743921319001388

	Investigating the early phase of the galaxy evolution through high-z damped Lybold0mu mumu dotted absorption systems
	Investing the properties of galaxies in ``DLA-concentrated regions''
	Result and Discussion



<<
  /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


