Cosmological Impact of AGN Outflows
Expanding Anisotropically on Large Scales

Abstract

We simulate anisotropic outflows from AGN and investigate their large-scale cosmological impact, by

performing N-body simulations of ACDM Universe. A substantial fraction of AGN have been observed o :
MY I

to host outflows powered by their central supermassive black holes. On large (Mpc) scales these joel Germaln & & & 1 ik

energetic outflows are expected to move away from the high-density regions of large-scale structures H M t I : IAvAL

(filaments and pancakes), with the outflowing matter getting channelled into low-density regions of ugo arte

the Universe. This causes an outflow to attain an anisotropic shape. The outflows expand and

permeate significant volumes of the IGM, having feedback on further evolution of the filled volumes. Departement de physique, Université Lava]_, :

We implement semi-analytical prescriptions of such anisotropic AGN outflows within a cosmological

volume. The observed quasar luminosity function is used to get the redshift and luminosity distribution Quebéc Gity QG Canada
of AGN populations, and analytical models are used for the outflow expansion. We compute the 2 .

fractional volume of the simulation box filled by the anisotropic outflows of a cosmological population Gentre de Recherche en Astrophysique du Quebec

of AGN over the Hubble time, and the metallicity in the filled volumes. We explore the dependence of
varying opening angle of the outflows on these large scale influence.
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Introduction

e Outflows are observed in a large fraction of Active
Galactic Nuclei (AGN), in a wide variety of forms [1].
e AGN outflows play important roles in the formation and
evolution of galaxies and large-scale structures, and the
intergalactic medium (IGM).
 Metal enrichment of the IGM leading to modifications of
the cooling rate of star-forming gas.
e Expulsion of proto-galactic gas by ram pressure
stripping causing suppression of further star / galaxy
formation.

» Goal : Investigate large-scale cosmological impact of
AGN outflows over the Hubble time ([6], [9]).
» Calculate the volume fraction of the Universe filled,
Metallicity in the filled volumes.
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e Observed AGN bolometric luminosity function [5].
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» Constant AGN lifetime, 7,5y =108 yr.

 Fraction of AGN hosting outflows, £, ., = 0.6 [3].

e Locate AGN at local density peaks within simulation box.
 Filter PM density above a minimum halo mass.
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Fig. 3 --- All sources in box from QLF. N,gy tota) = 1935362.

Volume Enriched / Filled

e We use a SPH smoothing algorithm to get the density and
metallicity on a grid.

e Each particle is ascribed a Smoothing Length A, and is
considered to be spread over a spherical volume of radius 1.7h

e Filling factor grid : N2 = 2563
e Count the mesh cells in the simulation box occurring inside
the spherical volume of one or more enriched particles.
e Total number of filled cells, N,y
= Total volume of box occupied by outflows.

» Volume fraction of box enriched by outflows = N,/ N3
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Fig. 6 --- Volume filling fractions (for different opening angles).
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Fig. 7 --- Volume averaged metal abundance values in the
volumes filled by outflows.

Analytical Model for Anisotropic Outflow
Methodology y __ o

In the simulation volume
(at density peaks)

v Fig. 1 --- SPH simulation of an explosion in a galaxy.

Evolve AGN and
their outflows within
Simulation Box

: density iso-surface, showing the cosmological pancake.
Red: temperature iso-surface, showing the outflow.

Cosmological outflows expand anisotropically in large scales [7].

 Away from high-density regions, into low-density regions,

COS mO|Og ical SI mu |ati0n along the path of least resistance.
« N-body (P3M code) simulations of a cosmological volume of size * Model outflow as Bipolar Spherical Cone [8].
(comoving) =128 A~ Mpc. i 4,3 R
* Evolve from z= 25 up to z= 0 in ACDM model (WMAPS5, [4]). 020=5 or (5] <0< .
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Fig. 4 --- Evolution of a single outflow. Top: total luminosity, * Magnetic pressure:
Middle: Comoving radius, Bottom: Pressures (external IGM, . €L,y R
magnetic, thermal and total outflow). Vertical lines separate Pp = 4nR3[1 B cos(a/Z)] ~4p, R

phases of expansion -

active, post-AGN and Hubble.

e Metals produced by AGN host galaxy are spread to the surrounding IGM by outflows.
e Particles (of PM code) intercepted by each outflow volume are flagged as enriched, for all the outflows existing in the box.

Fig. 5 --- A 4 Mpc wide slice of the box at different redshifts. Black dots: Non-enriched particles, Red dots: Enriched particles.

Metal Enrichment

100 |

Conclusions References
1] Crenshaw, D.M., Kraemer, S.B. & George, |.M. 2003, ARA&A, 41, 117
< Implemented a semi-analytical model of anisotropic 2] Furlanetto, S.R. & Loeb, A. 2001, ApJ, 556, 61
AGN outflows in N-body simulations. 3] Ganguly, R. & Brotherton, M.S. 2008, ApJ, 672, 102
% AGN outflows are found pervade 80% of the volume of j4j Hlnsh.aw, o Bt a.I. AT 0803'073_2
the Universe by the present. 5] Hopkins, P.F., Richards, G.T. & Hernquist, L. 2007, ApJ, 654, 731
6] Levine, R. & Gnedin, N.Y. 2005, ApJ, 632, 727
< Volume averaged metallicity in the filled regions 7] Martel, H. & Shapiro, P.R. 2001, RevMexAA, 10, 101
reaches almost Solar value at z~ 1. 8] Pieri, M.M., Martel, H. & Grenon, C. 2007, ApJ, 658, 36
_ 9] Scannapieco, E. & Oh, S.P. 2004, ApJ, 608, 62
» Future work. : Track vglyes of metal abundances in the 10] Tegmark, M., Silk, J. & Evrard, A. 1993, ApJ, 417, 54
IGM, and plot iso-metallicity contours.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /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 300
  /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 1200
  /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 ()
  /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


