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Peanut shaped structures in edge-on galaxies
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A photometricanalysisof a sampleof edge-ongalaxiesharboringa peanutshapedstructureis

presented.This structureis ideally suitedto studythebardrivenevolution of galaxiessinceit is

slightly connectedto thepresenceof verticalbarresonances.

For our studywe useK-bandimagingwhich is dominatedby PopulationII starsandminimally

affectedby dust. Applying the unsharpmaskingfiltering techniquewe areable to isolatethe

periodicorbit familiesattheorigin of theparticularmorphologyof apeanutshapedstructure.The

rearrangementof diskmaterialin theverticaldirectionthroughthepresenceof abaris evidenced

by our studyof verticalscaleheightsalongthemajoraxisof thegalaxies.Fitting of generalized

Gaussians(equivalent to a Sersiclaw) to the vertical surfacebrightnessprofilesshows a radial

variationof scaleheightsreachinga maximumat positionswherethe peanutstructureis most

prominent.
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1. Introduction

In the context of spiral galaxy evolution the understandingof bulge formationprocessesare
of centralimportance.Hierarchicalgalaxyformationtheoriesdescribethebulgeformationby col-
lapseof a primordialgascloud into clumpsanda subsequentmerging of theseclumps.Thedisk
formsafterthis process.
Secularevolution of thedisk is suggestedasanalternative or additionalscenariofor bulgeforma-
tion andevolution. The frequentlyobservedbox/peanut(b/p) shapedbulgesin edge–ongalaxies
aresupposedto be relatedto secularevolution effects in barredgalaxies. Thesekind of bulges
consistof a spheroidalbulgecomponentin thecentreof thedisk anda superposedcomponentof
additionallight forming a X–structure.Combeset al. [1] describein their simulationsthatvertical
instabilitiesin bars,particularlythe2/1 vertical InnerLindbladResonance,caninducetheforma-
tion of theX–structureandthereforeleadto theformationof abox/peanutshapedbulge.Theclose
connectionof barsandtheb/pshapeof bulgesis observationallysupportedby thework of [2].

2. Observations and data analysis

Our analysisis basedon a sampleof 30 edge–ongalaxiesobservedwith the2� 3m telescope
at theMount StromloSidingSpringsObservatory in Australia. Sincetheaim of theobservations
wasto tracethemassdistribution of thegalaxies,theNIR Kn–bandfilter wasselected.Themain
partof thesampleconsistsof galaxies(24)showing aB/PSstructurein thecentralregion,whereas
the remaining6 galaxiesserve asa control sample. Thesegalaxiesshow contraryto the others
no B/PSstructure.Theanalysisof theobtainedphotometricdatawasdoneusingtwo approaches.
In the first we appliedthe unsharpmaskingtechniqueon the Kn–bandimagingdatato enhance
the underlyingsubstructureandin the secondwe applieda mulitparamterfit to the vertical light
distribution of the Kn–bandimages. For the unsharpmaskingall galaxiesweremedianfiltered
with a fixedrangeof region sizesto selectafterthatby eye thesizeof themedianfilter bestsuited
to enhancethe presentsubstructurein the galaxy (seeFig. 1). In the secondapproachfor our
analysiswe have fitted thevertical light distribution of all galaxiesof our samplewith two fitting
functions. Following the approachof [4] a generalizedGaussianis discribedby the following
function Σgg

� Σ0
� exp � ���

z
� 	

hz
 λ . The 3 fitting parametersarethe centralsurfacebrightness

Σ0, thescaleheighthz andtheshapeparameterλ describingtheshapeof thefunction(seeFig. 2).
UsingthegeneralizedGaussiansmakestheanalysisindependentof achoicefixing theform of the
fitting functionapriori. As aconsequenceweareindependentof any assumptionaboutthephyiscs
leadingto definitechoiceof thefitting function. Speciallyfor theverticalstructureof barsthis is
of greatadvantagesincelittle is known in this field. In thecaseof disksthesech, sech2 andexp
arewidely usedfitting functionsfor thevertical light distribution To compareour resultswith an
independentmethodwe usedalsoGauss–Hermitepolynoms.In this proceedingsonly theresults
of thegeneralizedGaussianapproachareshown.

3. Results

In 18casesoutof 24galaxieswith aB/PSstructuretheverticalfitting of generalised
gaussiansshowsanexponentialverticallight distribution. For therestof thesampletheshape
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Figure 1: Imagesandsurfacebrightnessprofilesfor the galaxy ESO–443G042andIC 5176. From the
top to thebottoma DSS2Redimageof thegalaxy is shown, a Kn–bandimagewith contourplotsequally
spacedwith in stepsof 0� 5mag, theunsharpmaskedversionof theKn–bandimage.In thelowestpanelthe
surfacebrightnessprofilealongthemajoraxisaswell asthesurfacebrightnessprofileobtainedby summing
all verticallight contributionareshown. Themajoraxissurfacebrightnessprofile is thefainterone.
The two galaxiesarechosenon thebasisof their morpology. ESO–443G042is goodrepresentative of the
galaxiesshowing a B/PSstructureand thereforeharbouringa bar. The galaxy IC 5176 is fundamentaly
differentsinceit harboursneithera bar [2, 3] nor a B/PSstructure. Thesecharacteristicscanbe clearly
observedin thesurfacebrightnessplots,wherecomponentslike a plateau,characteristicfor barsignatures,
is visible. In thecaseof anabsenceof abar, like in IC 5176,noplateaucanbedetected.

parameterhasvaluesbetweenagaussianverticaldistribution (λ � 2) andanexponential(λ � 1).
Whencomparingtheresultswith thevaluesshown in [4] thestrongerpronouncedminimumin the
galacticcenteris mostobvious.Thismeansthatin thesimulationsthetransferof materialinto the
centerof thegalaxyis lessthenneededto obtainthedeepandsteepminimumasvisible in the
caseof ESO443–G042(Fig. 2). Theexponentialdistribution is mostpronouncedat theouter
edgesof thebarsignature.All galaxiesshowing aB/PSstructureunveil in theunsharpmasked
imagesacomplex substructure.ThemostprominentonesareX shapedstructureswhichcanbe
centeredat thecentralregionsof thegalaxiesor offcenteredwhichmeansthatthelegsof theX do
not crossthegalacticcenter. Thesestructuresarestrikingly similar to theorbitsshown in [5].
Also in thatcaselargeX structuresin thecenterof modelgalaxiesarevisible. They aremost
pronouncedin thecaseof amodelwith astrongbar.
Thetwo approaches,unsharpmaskingandverticalfitting, show aninterestingvarietyof structures
andlargequalitativeconcordancewith simulationsandorbital calculations.
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Figure 2: Resultsof theverticalfitting with ageneralizedGaussianfor ESO443–G042(left) andIC_5176
(right). In the top panelthe fitted centralsurfacebrightnessis plotted. The middel panelshows the fitted
valuesof theverticalscaleheightin arcsecswhereasthebottompanelshowstheshapeparameterλ obtained
by the fitting. Differencesin the structureof both galaxiesarevisible in the centralregions. In the case
of ESO 443–G042the presenceof a pronouncednuclearregion and a B/PS structurecan be observed.
Within a region of � 8arcsecaroundthe centerof the galaxy a nuclearcomponentis presentwhich can
bedistinguishedby theshapeparameterλ having a globalmaximumin that region. Also thescaleheight
reachesa minimum at the samelocation. Local minima to the left andto the right of that positionreveal
the presenceof the B/PSstructure. Interestinglythe whole region dominatedby the bar (  R�� 55arcsec)
is characterisedby a verticaldistribution describedby a pureexponential.Contraryto ESO443–G042the
galaxyIC 5176doesnotshow apronouncednucleusin thecenter, only ashallow minimumis dectectablein
eitherthescaleheightplot aswell asin theplot showing λ. Similar to thesituationof ESO443–G042also
in this casetheverticallight distributionof thebaris exponential.
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