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Abstract: Wedescribeasvidencesupportingheview thattheevolution of elliptical galaxiesandspiralbulges
wasmorecomplex andheterogeneousanformerly supposedThey appeato have prolongedgpisodicstar
formationhistories andtheir dominantstellarpopulationscanrangein agefrom ~ 1to ~ 15Gyr.
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1. Introduction

Elliptical galaxiesaredeceptvely simplein appearanceThey arehighly symmetricalin
morphology Outwardly, they lack the multicomponentharactenf spiralgalaxieswhich
includesdistinct dynamicalsubsystemsred and blue stellar populations,gas,and dust.
Thelarge bulgesof early-typespirals(SO—-Sb)are superficiallysimilar to ellipticals. It is
thereforeusually assumedhat large bulgesandellipticals have had similar evolutionary
histories,andthey areoftengroupedogethemunderthetitle “spheroidalpopulations”.

Since the introduction of the conceptof stellar populationsby Walter Baadein 1944,
spheroidabystemaave alsobeensupposedo have experiencedsimpleevolutionaryhis-
tories. They werebelievedto containuniformly old populationsformedin a rapid burst
(6t <1 Gyr) at early timeswith virtually no subsequengtarformation. Their meanages
weretakento be comparableo thoseof globular starclustergt ~ 15 Gyr).

This “classical” interpretationof the history of spheroidalsystemshasbeenremarkably
tenacious,especiallyconsideringhow dramaticallythe rest of extragalacticastronomy
has changedsince the 19405. Its continuing influenceis testimory to the unifying
power, beauty andsimplicity of Baades formulation. Theclassicabropertiesassignedo
spheroidakystemdave tremendousippeal.For cosmologiststhey meanthatspheroidal
systemsare reliable “standardcandles’and that they were amongthe earlieststructures
to form in the universe. For galaxymodelersthey meanthatonly a few parametersieed
be employed. The classicalinterpretationconsequentlypecamean almostsubconscious
elemenbf thefabricof extragalacticastrophysics.

This familiarandwidely acceptedictureis now unraveling. Most workersarecomingto
accepthatthehistoriesof elliptical galaxiesandspiralbulgeswereconsiderablynorecom-
plex andheterogeneou®lthoughmuchof the evidencethatdemonstratetheinadequag
of the classicalpictureis new, someof it hasexistedfor over thirty years. In this paperl
wantto review thisevidence focusingonwhatcanbededucedrom thestellarpopulations
of spheroidakystems.Relatedareasjncludingdynamicsnuclearstarformation,andthe
incidenceof active nuclei, are coveredin other papersat this conferencge.g. Binney,
GerhardKormendyRieke,andSagent).



2. The Classical Concept of Stellar Populations

Baade(1944a)wasthefirst to resol\e starsin the outerpartsof the Local Groupelliptical
galaxyM32 andin the bulge of the Sb spiralM31, andhe shavedthey wereidenticalin
color and(estimated)juminosityto the giantsfoundin globular clusters.This becamehe
final link in the chainof inferencewhich led to Baade$ conceptof the two major stellar
populationgroups(for completereviews, see Sandagel986 and Baadel1963). Baade
classifiedellipticals, spiral bulges,and globular clusterstogetheras Populationll, to be
distinguishedrom the Populationl regionsof spiraldisks,which containednassve blue
starsanda rich interstellarmedium. Although only the brighteststarshadbeenresoled
in the galaxies,the working hypothesisvasthat the entire populationsof ellipticals and
globularswereidentical. Globularsarenearbyandsuitablefor deepimagingstudiesand
in the 19505 they weredemonstratetb be the oldestknown stellaraggreyates(Sandage
1986). Theagesof theclustersarenow estimatedo be 16 + 3 Gyr (Hesser1993).

By the 19705, thesefundamentatesults,togethemwith alarge body of supportingobser
vationalandtheoreticalwork, had becometranslatednto what was calledthe “standard
scenario’by BeatriceTinsley atIAU Symposiuni/7 (1978;seealsoTinsley 1980):

“...the integrated[broad-bandUBV] colors of galaxiesare consistent
with the following hypothesis:Normal galaxieshave the sameageand

stellarinitial massfunction (IMF), and have monotonicallydecreasing
starformationrates put thetime scalefor starformationto declinevaries

alongthe sequencef morphologicatypes.”

More specifically the standardscenariowastaken to imply: (i) thattherewasa unique
formationepochfor galaxies~ 15Gyrago;(ii) thatstarformationsubsequertb thisepoch
declinedexponentiallywith a time scale(7) which dependedn morphology yielding a
one-parametesequencef morphology/mearage (the Hubble sequence)and (iii) that
chemicalcompositioncould be specifiedby a single metal abundanceparameter( ),

which varieswith a galaxy’s mass.In the standardscenariospheroidapopulationsvere
thoughtto have 7 ~ 1 Gyr andhenceto be uniformly old. They wereassumedo differ

only in theirmeanZz’s.

3. A New Consensus

If onetook a surwey of the stellarpopulationscommunityaslittle as5 yearsago,| expect
thatmostpeoplewould have subscribedo thestandardgcenario Althoughit hadcertainly
beenchallengedrom varioussides,this had not swayedthe majority. Now, | think, a
new consensuss emeging. This wasmostobvious at IAU Symposium149 on Stellar
PopulationgBarkuy andRenzini1992)andalsofiguredprominentlyat IAU Symposium
153 on GalacticBulges(HabingandDejonghel993). The element®f this consensuare
these:

1. Spheoidal systemsre not coeval, and their stellar populationscan havea range of ages
from~1to ~15Gyr.

Thisstatementefersto thosepopulationsvhich dominatethelight of galaxiesnotnecessarily
their masse®r underlyingdynamicalstructure. Starformationprocessemay have begun
coevally, andlongago,but they evidently continuedor differentperiodsin differentsystems.
The oldestpopulationsn galaxiesasexemplifiedby globular clustersmay be ancientand
roughlycoeval, but they arenot normallyveryimportantin theintegratedlight.
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2. Environmentaprocesseare importantin the evolutionof mostsphepidal systems.

The kind of rapid collapseand evolution of an isolatedstructurewhich was ervisioned
by Eggenet al. (1962) probablyappliesto only a minority of spheroidalystems. Strong
interactionswith the ervironmentare morecommon. Importanteffectscanincludegalaxy
meigers,tidal interactions,nfall, stripping, subclusteicollapse,andaccretionflows. The
combinedeffectsof theenvironmentimply:

3. Starformationin sphebpidal systeman be prolonged and episodic,with large excursions
in amplitude

Whathashappenedo the standardscenarioPutmostsimply; it is thatwe have begunto
actuallylook at elliptical galaxiesandspiralbulges. This is not a facetiougemark,since
it is very difficult to studythesefaint systemsat the resolution(both spatialandspectral)
andsignal-to-noiseatiosappropriatdo thetask. In imaging,Baades 1944obsenations
of M31 andM32 (acquiredundersuperbobservingconditions)werein factnotsuperseded
until thelast10yearswith CCD andinfrareddetectorsln spectroscop the stateof theart
for galaxiess now S/N ~ 50-200with resolutionsof A /5 A ~ 1500.

Simultaneouslywe have refinedourinterpretationatools,especiallyfor galaxycolorsand
spectra. The period of interestis the agerange1-20 Gyr. An importantdevelopment
wasthe recognitionof the inadequayg of mary populationdiagnosticdor thatrange. In
particular broad-banaolors,which Tinsley (1978)citedasstrongevidencein supportof
the standardscenario have limited usefulnesgor two reasons.First, they evolve slowly
for large ages(O’Connell 1988), with A(color) < Alogt. Second,thereis a serious
metallicity/age ambiguity because

d(color)/dlog Z ~ d(color)/dlogt,

(cf. O’Connell1986,Renzini1986,Worthey 1992). One musthave enoughinformation
to determineageandmetalabundancesimultaneously

The upshotis thatintegratedUBVRIJK colorsarenot very usefulin constrainingevolu-
tionary historiesfor ¢ 2 3 Gyr. Systemawhich formedat 15 Gyr, which formedat 8 Gyr,
or which experienced seriesof starformationburstslastinguntil 5 Gyr ago,canall have
nearlyindistinguishabldéroad-banaolors. Two recentsetsof modelsnicely illustratethis
fact(Schweize& Seitzerl992,Fritze-v Alvensleber& Gerhardl993). Thefirst of these
states;'... therelatively smallscatterof the UBV colorsof E+S0galaxies...(ofteritedas
evidencefor uniformly high ages)is fully compatiblewith [them] having formedthrough
major meigersover at least1/3 to 2/3 the ageof the universe”. The generalagreement
betweerUBV colorsandtheexpectation®f thestandardcenarias thereforenotsuficient
to demonstratés validity, sincethey cannotexcludealternatve histories.

An exampleof the problemsof datingold populationss givenin Figurel. Herewe see
two isochronesseparatedby 12 Gyr in age. Thesewould be trivial to distinguishif one
couldresole individual starsto the bottomof the diagram. Unfortunately thatcannotbe
doneevenin nearbygalaxiedike M31, wheretheworking HST limit is currentlybrighter
thantheturnoff of the youngerpopulation. The resohable partsof the giantbrancheslo
not provide goodagediscrimination exceptatthevery tips, wheretheyoungeronehasan
“extendedasymptotigiantbranch’(AGB) whichreached—2magsbrighterthantheolder
one(e.g.lben& Renzini1983,Aaronson& Mould 1985). TheseAGB objectsarevery
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FIGURE1: A schematiddR diagram,shaving two old isochronesTheyoungeris distinguishablemainly
by its warmerturnoff starsandits extendedAGB. Thelimiting magnitudeof the HST for detectionof point
sourcesn M31is indicated.

cool,solong-wavelengthmagingis calledfor. Until theadventof optical-bandCCD’sand
morerecentlypanoramidnfraredarrays(A > 1u), thiswasnotfeasible.

Integratedlight photometryor spectroscop sumsall the starsin the isochronesogether
Sinceinformationonstellartemperatures retainedthisis lik eaddingthediagranmvertically
in temperaturdinswhosesizesdepenanthetechniquaised.Thenetintegratedoroperties
of thetwo isochronesvill differ mainlyby virtue of thepresencef warmturnoff objectsn
theyoungerone,which will affectthe short-wavelength(ultraviolet-blue)spectralregion.
TheUBYV systencoversonly partof thisregion,andwith only two filters, yieldingtoolittle
informationto beeffective in measuringaggeandalundanceeffects. Spectraresolutionsof
/8 Z 100aremoreappropriate Themostsensitve spectroscopisystensofardeveloped
for datingold populationgs thatof Rose(1985,1993),whichemplo/saresolutionof 1500
for selectedhbsorptiorfeaturedn thenearUV/blue.

Thus,the mostpromisingmeansof datingolder populationgnvolve eitherIR imagingor
UV-blueintegratedight spectroscop

4. The Evidence

In this sectionl describeseveralof thelinesof evidencewhich supportthe new consensus
andgive examplesof highlightsor recentresults. Thelist is not meantto be exhaustve,
andit is not possibleto include completecitations. Thelist is in chronologicalorderto
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emphasizeéhefactthatsomeof thecluesarequite venerable.

1944—: Population| componentsn sphepidal systems In a companionpaperto the
announcemertf theresolutionof M31 andM32, Baadg1944b)reportedhepresencef a
dustcloudin NGC185,0neof thepeculiardwarf elliptical companionso M31. Subsequent
obsenationsalsolocatedmassve OB starsin bothNGC 185and205(Baadel951). These
werethefirst hintsthat“pure Popll” systemsthoughtto bedevoid of interstellarmatteror
youngstars,werereally oftenmorecomplex. More recentwork hasconfirmedthatthese
systemdave experiencedecentourstsof starformation,possiblyinducedby interactions
with M31 (Wilcotsetal. 1990,Davidge 1992,Leeetal. 1993). Radio,infraredandX-ray
obsenationsin the 19805 demonstratedhat E and SO galaxiesoften containa massve
interstellarmedium,thoughthis may exist in forms (very hot gas;cool distributed dust)
which aredifficult to detectat opticalwavelengthgseethe catalogof Robertsetal. 1991).
Examplesof HST detectionf dustin Virgo elliptical galaxiesareshavn in Figure2.

In arelateddevelopmentMorganandhis collaborator{Morgan& Mayall 1957,Morgan
& Osterbrockl969)shavedspectroscopicallthatthe bulgesof latertype spirals(Sbc-Sd)
oftencontainedstellarpopulationswith agess 1 Gyr. It wasnotwidely appreciatedhatif
they wereonly 3-5 Gyr older (still muchyoungerthanglobular clusters)suchpopulations
wouldnotbedistinguishablavith low-resolutiortechniquesWith moresensitve methods,
King (1986)wasableto find suchintermediateagepopulationsn over 40%of the (mostly)
Sa-Shoulgesin hissampleg(seealsoKormendy1993). 1t is likely thatgastransferfrom the
spiraldisksfuelsthebirth of thesepopulationslong aftertheinitial burstof starformation.

1956—:Integratedlight differencedbetweemalaxiesandglobular clustes. Thefirsttestof
thehypothesishattheentirepopulation®f globularsandspheroidasystemsvereidentical
wasmadeby Morganin 1956. He obtainedow dispersiorspectraof thebulgeof M31 and
immediatelyfound that the galaxy had much strongerabsorptionines thanthe clusters.
It wasnow clearthatthe starswhich Baadehadresohed in M31 and M32 wereonly a
tracepopulation notrepresentate of thewhole. This oughtto have forcedareevaluation
of the ageissue. Instead,the communityadoptedhe view thatthe metalabundance®f
spheroidakystemamay differ from thoseof clustersbut thatthe ageswereidentical. It
wasassumedhatthe globularsandelliptical galaxiesnverea one-parametezontinuumin
metalabundanceyith thelatteratthe metalrich end.

Laterwork with increasingesolutionandprecisiondemonstratethatspheroidapopula-
tionswereneitheridenticalto nor a simpleextensionof the globular clusters(e.g. Baum
1959 Frogeletal. 1980,0’Connell1983,Bursteinetal. 1984 ,Rosel985,Brodie& Huchra
1991). A recentstudyby Rose(1993)is the mostexhaustve. He useshigh resolution
spectrao shav thatthe metalrich globular cluster47 Tuc andthe elliptical galaxyM32,
which arenearlyindistinguishablen low resolutionspectroscop and photometry differ
atoverthe 5o level in thosenearUV/blue absorptiorfeaturesvhich aremostsensitve to
the structureof their colormagnitudediagrams.The populationf thesetwo systemsare
not closelyrelatedandcannotdiffer only in metalabundance.

Thedifferencebetweerthesdwo typesof objectsaremodel-independergndthey remove
theoriginal basisfor the presumptiorthatglobular clustersandgalaxiesarecoeval.

1971-:Integratedspectophotometryf sphepidal populations.Thefirstimportantquan-
titative stepbeyondbroad-bandaolorswasthe high S/N, moderate-resolutiogpectropho-
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FIGURE 2: Examplesof acold ISM in E galaxiestakenfrom an HST/PCsurwey of bright Virgo E’s by
Jafe etal. (1993). DecorvolvedV-bandimages.Comple, spiral-like dustlanesare presenin both. NGC
4550hasa flattenednuclearlight distribution, consistingof co-spatial countetrrotatingstellardisks (Rubin
etal. 1992).

tometry pioneeredby Spinradand Taylor (1971). Elaborationsof the methodincluded
studiesby Faber (1972), O’'Connell (1976), Gunn et al. (1981), Pickles (1985), Rose
(1985),Bica & Alloin (1987),Gregg (1989)andmary others. The mostimmediateresult
wasthatthestarsin luminousspheroidfiadsignificantlyhighermetalabundanceshanthe
sun. For agivenintegratedcolor, or inferredmainsequencéurnoff, theestimatedageof a
populationdecreaseasits metalabundancencreasesMostmodelingthereforesuggested
thatagesof 12—-15Gyr wouldyield redderenepy distributionsthanobsened.

The situationwascloudedby questionsaboutthe natureof the “supermetalrich” (SMR)
componentge.g. Taylor 1982,Faberet al. 1985). It waspossiblethatthe stronglines of
SMR starsand galaxieswere enhancedy mechanism®therthanakbundanceandthere
wasevidencethatthelight andheary metalsweredecoupledn galaxyspectrg O’Connell
1976,Pritchet& Campbelll980). Theimportanceof metallicitymixtureswasalsodebated
(e.g.Renzini1986),thoughit is notobviousthatadispersionn alundancen agivensystem
would necessarilypiasanagedeterminatiorevenif it might reduceits precision.

M32 becamean importanttestcasewhenO’Connell (1980) shaved thatits nearUV/IR
spectruntouldbefit to 2% accurag by asolarabundancenodelof ageb Gyr, only 1/3the
ageof theglohular clusters.The problemsof SMR-nessverelessimportanthere. These
conclusionsveresupportedy avarietyof laterintegratedight studiesof M32 from UV to
IR wavelengthgBursteinetal. 1984,Ro0se1985,Kjeergaard1987,Rocca-VImerangeX
Guiderdonil987,Bouladeet al. 1988,Bicaetal. 1990,Davidge 1990,Magris & Bruzual
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1993,R0se1993).

The largestdatabaseof elliptical galaxy digital spectrais the Lick Obsenratory surwey
of Faberet al. (1992). Detailedmodelingof line strengthsfrom the surwey (Worthey
1992, Worthey et al. 1992), hasrecentlyyieldedtwo conclusions:first, that the ratio of
light to heary elementsdoeschangewith massamongthe galaxies,suggesting/ariable
nucleosynthetidistories;and secondthat the colorsandline strengthsof mary objects
arenot consistentwith agesz12 Gyr. The H3—Mg diagram,which offers the bestage-
alundanceseparationis shovn in Figure3.

Thedirectspectrakvidencethereforendicatesaconsiderableangein light-weightedages
andevolutionaryhistories. Spheroidakystemsappeairto be sensitve to threepopulation
parametergnot one,asin the standardscenario):age,heary metalabundanceandlight

metalabundancgWorthey 1992).

1972—: Interactionsand megers. Individual examplesof interactinggalaxieshadbeen
known for mary years,mainly throughthe work of Zwicky, Vortonsw-Velyaminw, and
Arp, beforethe Toomres(Toomre& Toomrel972,Toomrel977)suggestedhatinterac-
tions might be a commonfeatureof galaxyevolution andthat,in the right circumstances,
the meigedproductof an encountemight resemblean E galaxy A large body of obser
vationalandtheoreticalork followed, reviewedin Barnes& Hernquist(1992). Recently
dynamicalevidenceof multiple accretioneventshasbeenfound in a numberof nearby
elliptical galaxiege.g. Kormendy1984,Franx& lllingworth 1988,Bender1988,Bender
& Nieto 1990;Rubinetal. 1992). Oneof the moredramaticexamplesof alikely meger
remnanis thedoublenucleusof M31 (Laueretal. 1993). Correlationdbetweerdynamical
disturbanceandpopulationyouthin E galaxieshave beenfoundby Schweizeketal. (1990)
andSchweizer& Seitzer(1992). About half of thefield E’s in the latter studymay have
beenformedthroughmegersduringthe last~ 7 Gyr. A relatedspectralstudyof E/SO
galaxiesby Bower et al. (1990)indicatesthat starformationwascompletedearlierin the
denseernvironmentsof rich clustersof galaxieghanin thefield or poorerclusters.

In a studyof all typesof “dynamicallyhot” galaxies(E’s, bulges,compactsanddwarfs),
Benderetal. (1992,1993)find thatstructuralpropertiesareconsistentvith a hierarchyof
meigerswhichinvolveasystematicallgmallemproportionof gasasthetotalmassncreases.
Mg line strengthslsoindicatethatthemeanabundanceandageof apopulationareclosely
linkedto a galaxys dynamics.The mechanismsvhich might closelycoupledynamicsto
thestellarpopulationsarenot clearyet.

1978-: Late evolution of clustergalaxies Accordingto the standardscenarioJuminous
E/SOgalaxieshouldnotshav appreciablehange theirrest-framecolorsuntil lookback
times comparabldo their ages,i.e. At 212 Gyr, implying z > 1.5. Thediscovery by
Butcher& Oemler(1978,1984)thatevolutionaryeffectscouldbe detectedn rich clusters
in the form of an excessof blue galaxiesat redshiftsaslow asz ~ 0.2 wastherefore
unexpected. Spectroscop by Dressler& Gunn(1983)andothersrevealedthat mary of
the blue objectsappearedo be in a post-starhrst phase. The mechanismsesponsible
have not beenpositively identified(seethereviews by Gunn& Dresslerl988andOemler
1992),but interactions/megersareimportantin mary casege.g. Laveryetal. 1992),and
ram-pressureducedstarformationmayplay arolein others.

Milder forms of the “ButcherOemlereffect” have alsobeendetectedn nearbyclusters,
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FIGURE3: Line strengthdHB andMg | A5175)in theLick surwy of E galaxies.Smallopensquaresre
obsenationsfor E nuclei; M31 andM32 aremarked. Large symbolsare modelsby Worthey (1992)for 5
differentlog Z/ Z, valuesbetween—0.5 (triangles)and+0.5 (pentagons) Four agesfrom 5 to 17 Gyr are
included;the approximatésochronedgor 5 and12 Gyr aredravn in. Accordingto the standardscenarioall
objectsshouldlie belown the 12 Gyr isochrone Most areclearlyyoungeraccordingo this calibration.

includingVirgo (vandenBemghetal. 1990)andPegasud (Vigrouxetal. 1989). TheComa
clusterpresentaninterestingcase.E/SOgalaxiesin the coreshow little scatteraboutthe
meanluminosity-colorrelation,implying uniform starformationhistories(e.g. Sandag&
Visvanatharl978,Bower etal. 1992). However, 1/3 of the E/SOclustergalaxiesn afield
40’ from thecentethave enhancedalmerabsorptioror emissioninesindicative of recent
starformation(Caldwelletal. 1993),possiblyinducedby a subclustememger.

1980-: ExtendedAGB starsin Local Groupsphepidal systemsAs notedin Sec. 3, stars
onthe“extended”’AGB canbeusedastracersof intermediateage(1-10Gyr) populations.
AGB starsof older (> 12 Gyr), populationscanrise < 1 mag above the helium flash,
but only more massve (and thereforeyounger)starscan survive to higherluminosities
(Aaronson& Mould 1985,Mould 1992). During the 1980%, AaronsonandMould carried
out an extensie programto detectluminous,cool AGB starsin spheroidalpopulations
throughoutheLocal Group,with greatsuccessThey foundthat,with only four exceptions,
all of the dwarf spheroidalgalaxiesstudiedcontainedntermediateage populationswith
ages~2-10Gyr. It waspossibleto confirmtheageestimatedy directobsenationsof the
mainsequenceéurnoffs in severalcases.The mostthoroughlystudiedis the Carinadwarf
(Mighell 1990),in which about80%of the starsareonly ~ 7.5Gyr old.
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Sincethedwarf spheroidalfiadlong beenconsideregrototypicalexamplesof “pure Pop
II” galaxiestheseresultswereunsettlingfor the standardscenario.However, it could be
arguedthatsuchsmallsystemsvereeasilydisturbedoy interactionsandgasexchangewith
their larger neighbors. The sameis true of the larger dwarf systemdNGC 185 and 205,
which containbothveryyoungbluestarsandintermediategecomponent$Davidge 1992,
Leeetal. 1993)andof theLMC, wherethereis evidenceof a majorstarformationepisode
beginningonly 3 Gyrago(Butcherl977,vandenBergh1991). Thekey testof theclassical
interpretatiorwasthereforeto obtainIR imagingof the moremassve systemsvi31, M32,
andM33 whichwould rival Baades$ original probeof thesepopulations.

All threeobjectshave now beenfoundto containintermediateagespheroidapopulations.
RecentH-bandimaging of the faint bulge of M33 hasidentified luminous AGB stars
correspondingo agess 1 Gyr (Minniti etal. 1993). In the bulge of M31, Rich & Mould
(1991) detectedAGB starsup to 2 magsbrighter thanthe He flash using J,K imaging.
DePy etal. (1993)suggestedhatimageblendingmight biasthe luminosity functionin
M31, but recentHST imaging (Rich & Mighell 1993)appeardo remove this objection.
The AGB starsin M31's bulge probablyhave agess 8—-10Gyr.

In M32, four infraredimagingstudieshave foundluminousAGB starswith probableages
of ~ 4+ 3 Gyr (Freedmar1989,1992;Davidge & Nieto 1992;Elston& Silva1992).The
IR colormagnitudediagramfrom the latterwork is shovn in Fig. 4 andrevealsa strong
populationof starsbrighterand coolerthanthosefound in the bulge of the Milky Way.
Baademissedhesduminousstarsn M31 andM32 becaus¢hey weretoo coolto detectin
his B&R bandsithey arerevealedonly with infraredimaging. Freedmar{1992)discusses
the variousalternatve interpretation®f theseobjects—e.gas merged binariesor SMR
stars(Renzini1993)—ut concludeghatanintermediateagepopulationis mostplausible.

5. The Bulge of the Milky Way

The bulge of our Galaxyis the nearestspheroidalsystem. In anideal world, it would
also be the bestto study Instead,it is afflicted with several unique problems: it lies
in the Galactic plane and thereforesuffers large and variable extinction; thereis bad
contaminatiorby foregroundfield stars;andit is significantlyextendedn depth,probably
with a barlike shape. All threeeffects make inferencegegardingits stellar population
troublesomeandit maynotbesurprisingthatinterpretatiorof the Galacticbulgehasbeen
particularlycontroversial. Therearetwo mainschoolsof thought: evidencesupportinghe
classicainterpretations reviewedby Frogel(1988)while thatsupportinga morecomplec
andextendedevolutionaryhistory is reviewed by Rich (1992). The mostrecentdebates
over thesescenariosarein Habing & Dejonghe(1993). The strongestkvidencefor the
revisionistinterpretatioris theluminousAGB starpopulationin thebulge,whichincludes
mary long-periodMira variableswith probableagess 4 Gyr.

6. Conclusion

Thereis strongandgrowing evidencethatmary spheroidasystemsxperiencegrolonged,
episodicstarformationhistories probablygreatlyinfluencedby their environments.Stars
arestill the besttracersof the evolution of galaxiesthe best“clocks”, asRenzinicharac-
terizesthem,soit is importantthatstellarpopulationstudieshave now validatedthe other
lessdirect pointersto this picturewhich wereanticipatedoy studiesof AGN’s, starlurst
galaxiesandhighredshiftgalaxies.
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FIGURE4: An infraredcolor-magnitudediagramfor M32 from Elston& Silva (1992). Thegiantbranches
of two glohular clustersareshown, asis theregionoccupiedn thebulgeof our Galaxy(“BW”). Theextended
AGB starsin M32 areupto 1-2 magsbrighterandappeato have ages~ 4 Gyr.

This revisedinterpretatiorof spheroidapopulationsgs now favoredby all of the varieties
of evidenceoriginally marshaledn supportof the “standardscenario”.lt is not surprising
thatincrease@bsenationalsensitvity haschangeduroutlook. Whatis surprisingis how

longit took—especiallgivensuchtelltalecluesastheyoungpopulationsn M32’ssibling,

NGC 205, 0r Morgan’s spectraof thebulge of M31.

This newer evolutionarypicture predictsthatmostgalaxiesaremixturesof disparatesub-
systems.It suggestshatthe term “galaxy formation” is obsoleteor at leastinaccurate,
andthatit maybebetterto speakof galaxy“assembly’instead.A goodanaloguanightbe
theway in which mountainrangesareassembledrom bothfreshandancientmaterialsn
platetectonicgeology

Whataretheimplicationsfor thenatureof thenucleusof our Galaxy whichis theprincipal

subjectof this conference? amimpressedy the factthatthe Local Groupasa whole
appeardo have experienceda very turbulent history during the past12 Gyr, with major
episode®f starformationtraceablan all but a handfulof objects,regardlesof whether
they arespheroidalor disk populations. It seemaunlikely that our Galacticbulge could

have avoidedthe melee,andthe directevidencefor intermediateagepopulationghereis

growing. Although muchof the radio, infrared, and high-enegy actvity in the nucleus
of the Milky Way is relatedto starformationof very recentvintage,l think it shouldbe
viewed asonly a nearterm exampleof a long history of actwvity, probablyofteninduced
by externalagents.
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