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Abstract. We summarize the results from a study of the globular cluster (GC) system of the
isolated elliptical galaxy NGC6411, based on Gemini/GMOS g′, r′, i′ photometry. The extent of
the globular cluster system is about 70 kpc. It contains ≈ 700 members. The colour distribution
and luminosity function are typical of old GC systems. An excess of bright GCs with intermediate
colours might evidence an intermediate-age merger.
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1. Introduction

Merging processes are thought to be the main source of mass accretion since z ≈ 2
(e.g., van Dokkum et al. 2010). Due to the low density environment they inhabit, isolated
ellipticals (iEs) might have experienced less mergers, evolving more quietly. They often
present underlying features typical of late mergers, like shells or plumes (e.g. Tal et al.
2009; Bassino & Caso 2017). Both observational and numerical studies indicate that
iEs have experienced late mergers in larger proportion than Es in clusters, presenting
bluer colours and lighter dark matter haloes (e.g., Niemi et al. 2010, Lacerna et al. 2016,
Richtler et al. 2015). Hence, their study might reveal important clues about the evolution
of galaxies. Globular clusters (GCs) are formed under environmental conditions achieved
during massive star formation episodes (e.g., Kruijssen 2014), driven by galaxy mergers
and interactions. This fact implies a direct connection between the formation of GC
systems (GCSs) and the evolution of their host galaxy.
NGC6411 is a moderately bright galaxy (MV =−21.6) with an estimated distance of

40Mpc based on surface-brightness fluctuations (SBF, Blakeslee et al. 2001). It hosted
a subluminous SNIa (Filippenko 1999). Spectroscopic analysis from the CALIFA sur-
vey indicates that the luminosity in the inner region of NGC 6411 is dominated by
an intermediate-age and metal rich population, with log(Z/Z�) = 0.28 and ≈3.5Gyr
(González Delgado et al. 2015).

This contribution summarizes part of the results given in Caso et al. (2019a).

2. Observations and reduction

The data set consists of a field observed with the GMOS camera at Gemini North,
containing the galaxy (hereafter, N6411F), plus science verification observations from
the Gemini Observatory Archive (hereafter, CompF). The GMOS field of view (FOV)
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Figure 1. Left panel: Projected spatial distribution of the GC candidates, with the colour bar
representing their (g′−i′)0 colour. The highlighted objects correspond to those GC candidates
brighter than i′0 = 24mag. North is up, East to the left. Right panel: Colour distribution of the
entire sample of GC candidates (filled histogram and dotted curve), and split into GCs fainter
than i′0 = 24mag (dashed line histogram) and brighter than this limit (solid line histogram).

is 5.5× 5.5 arcmin2 (1 arcmin≈12 kpc at the assumed distance). Both programmes were
observed in g′, r′ and i′ filters with similar exposure times.

The reduction was carried out in the usual manner with the tasks from the GEMINI-
GMOS package, within iraf. The galaxy light was subtracted from the images of the
N6411F, using a square median filter. The software SExtractor (Bertin & Arnouts
1996) was applied to the i′ images of both fields, to generate an initial source catalogue.
Then, the PSF photometry was performed with the DAOPHOT package within iraf.
The definite selection of point sources was based on the χ2 and sharpness parameters
from the task ALLSTAR.
The GC candidates were selected from colour-colour diagrams, assuming similar colour

ranges than previous GCs studies (e.g. Faifer et al. 2011; Bassino & Caso 2017). From
the completeness analysis based on artificial stars, the magnitude limit for both fields
was determined as i′0 = 26mag. For further details on the reduction and selection criteria
we refer to Caso et al. (2019a).

3. Results

The left panel of Figure 1 shows the projected spatial distribution of the GC candi-
dates in the field N6411F. The colour bar spans the usual (g′−i′)0 colour range for old
GCs. The large circle is centred in NGC6411 and its radius is 90 arcsec. The highlighted
objects represent GC candidates brighter than i′0 = 24mag, which are strongly concen-
trated towards the galaxy. Kolmogorov-Smirnov and proportion tests indicate that the
spatial distribution of these bright GC candidates differ from those of both, blue and red
subpopulations (see next paragraph).
The filled histogram on the right panel of Figure 1 represents the colour distribution

of the entire sample of GC candidates, with the dotted curve indicating its smoothed
distribution using a Gaussian kernel. In both cases the colour distribution seems to be
bimodal, a usual scenario in bright elliptical galaxies (e.g., Caso et al. 2017). The analysis
with the software gmm (Muratov & Gnedin 2010) indicates that the colour distribution
is better represented by two Gaussians instead of one, with means (g′−i′)0,blue ≈ 0.81
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Figure 2. Left panel: radial distribution for the GC candidates, completeness corrected (open
symbols), and completeness and contamination corrected (filled symbols). The solid curve rep-
resents a modified Hubble profile fitted to the data. The horizontal dotted and dashed lines
correspond to the contamination level and its 30%, respectively. Right panel: luminosity func-
tion of the GCs, completeness and contamination corrected. The solid curve represents the
Gaussian profile fitted to GCs fainter than i′0 = 24.25mag.

and (g′−i′)0,red ≈ 1.04, and a fraction of red GCs ≈0.4. We chose (g′−i′)0 = 0.95 as the
colour limit to separate both subpopulations. The dashed line histogram shows the colour
distribution for GCs fainter than i′0 = 24mag, with candidates brighter than this limit
represented by the solid line histogram. In this latter case the colour distribution lacks
signs of bimodality, presenting a single peak in intermediate colours.
The left panel of Figure 2 shows the radial distribution for GC candidates, open (filled)

symbols represent the distribution corrected by completeness (completeness and contam-
ination). Concentric elliptical rings were used, assuming the ellipticity and position angle
of the galaxy (see Caso et al. 2019a). The horizontal dotted and dashed lines correspond
to the contamination level and its 30%. This latter value has been used in wide field
studies of GCSs to determine their extension (e.g., Bassino et al. 2006; Caso et al. 2017).
A modified Hubble profile was fitted to the distribution and corresponds to the solid
curve. The extension of the GCS seems to be ≈70 kpc, considering the previously indi-
cated distance. The extension of the GCS and the exponent of the Hubble profile are
in agreement with the expected values for ellipticals with similar stellar mass and GCS
population (Caso et al. 2019b).
The right panel shows the GC luminosity function (GCLF), completeness and con-

tamination corrected. The grey vertical lines indicate the magnitude range excluded due
to the decreasing completeness. The solid curve corresponds to the Gaussian profile fit-
ted to the GCLF for magnitudes fainter than i′0 = 24.25mag. Considering that old GC
populations present a Gaussian GCLF with a nearly universal TOM (e.g. Richtler 2003),
the resulting distance modulus from the TOM derived for NGC6411 is in agreement
with SBF measurements (Blakeslee et al. 2001), which points to an old GCS. Candidates
brighter than i′0 = 24mag (filled bins) are more numerous than expected, resulting in a
GCLF that seems to deviate from the usual behaviour for old GCSs at the bright end.
In order to test this latter point, we generated 1000 random samples of GC candidates
from a Gaussian profile with the parameters fitted to the GCLF. In any of the cases
were obtained ≈40 objects brighter than i′0 = 24mag which is the number of bright GC
candidates at less than 90 arcsec from the galaxy centre.
From the numerical integration of the radial profile and the GCLF, the total population

of GCs results ≈700, corresponding to a specific frequency of SN ≈ 1.7. This is a rather
poor GCS in comparison with bright ellipticals in denser environments, and particularly
for the red subpopulation (see Figure 3), which is in agreement with GCS studies of
isolated ellipticals (Salinas et al. 2015 and references therein).
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Figure 3. Left panel: specific frequency of GC red subpopulations from a compilation of GCSs
in early-type galaxies (Caso 2015). The green triangles represent isolated ellipticals, and the
black one highlights the position of NGC6411. Right panel: idem for the blue subpopulation.

4. Summary

We summarize the results presented in this contribution.
• We determined the projected radial profile of the GCS and its size. Results are in

agreement with literature compilations. The total population is ≈700GCs.
• The colour distribution presents evidence of bimodality, except for the brighter GCs.

The fraction of red GCs does not differ from those found in bright ellipticals.
• The TOM of the GCLF is in agreement with SBF measurements, a Gaussian profile

accurately represents the GCLF for GCs fainter than i′0 = 24mag. These findings and
the bimodality in the colour distribution characterise an old GCS.
• We detect an excess of GCs brighter than i′0 = 24mag, with intermediate colours and

strongly concentrated towards the galaxy.
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Niemi, S.-M., Heinämäki, P., Nurmi, P., Saar, E. et al. 2010, MNRAS, 405, 477
Richtler, T. 2003, Lecture Notes in Physics, Berlin Springer Verlag, 635, 281
Richtler, T., Salinas, R., Lane, R. R., Hilker, M., Schirmer, M. et al. 2015, A&A, 574, A21
Salinas, R., Alabi, A., Richtler, T., Lane, R. R. et al. 2015, A&A, 577, A59
Tal, T., van Dokkum, P. G., Nelan, J., Bezanson, R. et al. 2009, AJ, 138, 1417
van Dokkum, P. G. et al. 2010, ApJ, 709, 1018

https://www.cambridge.org/core/terms. https://doi.org/10.1017/S1743921319007191
Downloaded from https://www.cambridge.org/core. IP address: 181.22.238.104, on 17 Mar 2020 at 22:40:36, subject to the Cambridge Core terms of use, available at

https://www.cambridge.org/core/terms
https://doi.org/10.1017/S1743921319007191
https://www.cambridge.org/core

	What do globular clusters tell us about isolated ellipticals? The case of NGC6411
	Introduction
	Observations and reduction
	Results
	Summary



<<
  /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


