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Abstract: Wedescribeevidencesupportingtheview thattheevolutionof ellipticalgalaxiesandspiralbulges
wasmorecomplex andheterogeneousthanformerlysupposed.They appearto haveprolonged,episodicstar
formationhistories,andtheirdominantstellarpopulationscanrangein agefrom � 1 to � 15Gyr.
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1. Introduction

Elliptical galaxiesaredeceptively simplein appearance.They arehighly symmetricalin
morphology. Outwardly, they lack themulticomponentcharacterof spiralgalaxies,which
includesdistinct dynamicalsubsystems,red andblue stellarpopulations,gas,anddust.
The largebulgesof early-typespirals(S0–Sb)aresuperficiallysimilar to ellipticals. It is
thereforeusuallyassumedthat large bulgesandellipticals have hadsimilar evolutionary
histories,andthey areoftengroupedtogetherunderthetitle “spheroidalpopulations".

Since the introductionof the conceptof stellar populationsby Walter Baadein 1944,
spheroidalsystemshave alsobeensupposedto have experiencedsimpleevolutionaryhis-
tories. They werebelieved to containuniformlyold populations,formedin a rapidburst
(
������ 1 Gyr) at early timeswith virtually no subsequentstarformation. Their meanages

weretakento becomparableto thoseof globularstarclusters(
� � 15Gyr).

This “classical” interpretationof the history of spheroidalsystemshasbeenremarkably
tenacious,especiallyconsideringhow dramaticallythe rest of extragalacticastronomy
has changedsince the 1940’s. Its continuing influence is testimony to the unifying
power, beauty, andsimplicity of Baade’s formulation.Theclassicalpropertiesassignedto
spheroidalsystemshave tremendousappeal.For cosmologists,they meanthatspheroidal
systemsarereliable“standardcandles”andthat they wereamongthe earlieststructures
to form in theuniverse.For galaxymodelers,they meanthatonly a few parametersneed
be employed. The classicalinterpretationconsequentlybecamean almostsubconscious
elementof thefabricof extragalacticastrophysics.

This familiar andwidely acceptedpictureis now unraveling. Most workersarecomingto
acceptthatthehistoriesof ellipticalgalaxiesandspiralbulgeswereconsiderablymorecom-
plex andheterogeneous.Althoughmuchof theevidencethatdemonstratestheinadequacy
of theclassicalpictureis new, someof it hasexistedfor over thirty years. In this paperI
wantto review thisevidence,focusingonwhatcanbededucedfrom thestellarpopulations
of spheroidalsystems.Relatedareas,includingdynamics,nuclearstarformation,andthe
incidenceof active nuclei, arecoveredin other papersat this conference(e.g. Binney,
Gerhard,Kormendy, Rieke,andSargent).
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2. The Classical Concept of Stellar Populations

Baade(1944a)wasthefirst to resolve starsin theouterpartsof theLocal Groupelliptical
galaxyM32 andin thebulgeof theSbspiralM31, andheshowedthey wereidenticalin
color and(estimated)luminosityto thegiantsfoundin globular clusters.This becamethe
final link in the chainof inferencewhich led to Baade’s conceptof the two majorstellar
populationgroups(for completereviews, seeSandage1986 and Baade1963). Baade
classifiedellipticals, spiral bulges,andglobular clusterstogetherasPopulationII , to be
distinguishedfrom thePopulationI regionsof spiraldisks,which containedmassive blue
starsanda rich interstellarmedium. Althoughonly thebrighteststarshadbeenresolved
in the galaxies,the working hypothesiswasthat the entirepopulationsof ellipticals and
globularswereidentical. Globularsarenearbyandsuitablefor deepimagingstudies,and
in the1950’s they weredemonstratedto be theoldestknown stellaraggregates(Sandage
1986).Theagesof theclustersarenow estimatedto be16 � 3 Gyr (Hesser1993).

By the1970’s, thesefundamentalresults,togetherwith a largebodyof supportingobser-
vationalandtheoreticalwork, hadbecometranslatedinto what wascalledthe “standard
scenario”by BeatriceTinsley at IAU Symposium77(1978;seealsoTinsley 1980):

“...the integrated[broad-bandUBV] colors of galaxiesare consistent
with the following hypothesis:Normalgalaxieshave thesameageand
stellar initial massfunction (IMF), andhave monotonicallydecreasing
starformationrates,but thetimescalefor starformationto declinevaries
alongthesequenceof morphologicaltypes.”

More specifically, the standardscenariowastaken to imply: (i) that therewasa unique
formationepochfor galaxies	 15Gyrago;(ii) thatstarformationsubsequentto thisepoch
declinedexponentiallywith a time scale( 
 ) which dependedon morphology, yielding a
one-parametersequenceof morphology/meanage(the Hubble sequence);and (iii) that
chemicalcompositioncould be specifiedby a single metal abundanceparameter( � ),
which varieswith a galaxy’s mass.In thestandardscenario,spheroidalpopulationswere
thoughtto have 
�	 1 Gyr andhenceto beuniformly old. They wereassumedto differ
only in theirmean� ’s.

3. A New Consensus

If onetook a survey of thestellarpopulationscommunityaslittle as5 yearsago,I expect
thatmostpeoplewouldhavesubscribedto thestandardscenario.Althoughit hadcertainly
beenchallengedfrom varioussides,this had not swayedthe majority. Now, I think, a
new consensusis emerging. This wasmostobvious at IAU Symposium149 on Stellar
Populations(Barbuy andRenzini1992)andalsofiguredprominentlyat IAU Symposium
153on GalacticBulges(HabingandDejonghe1993).Theelementsof this consensusare
these:

1. Spheroidal systemsare not coeval, and their stellar populationscan havea range of ages
from 
 1 to 
 15Gyr.

Thisstatementreferstothosepopulationswhichdominatethelightof galaxies,notnecessarily
their massesor underlyingdynamicalstructure.Starformationprocessesmay have begun
coevally, andlongago,but they evidentlycontinuedfor differentperiodsin differentsystems.
Theoldestpopulationsin galaxies,asexemplifiedby globular clusters,maybeancientand
roughlycoeval, but they arenotnormallyvery importantin theintegratedlight.
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2. Environmentalprocessesare importantin theevolutionof mostspheroidal systems.

The kind of rapid collapseand evolution of an isolatedstructurewhich was envisioned
by Eggenet al. (1962)probablyappliesto only a minority of spheroidalsystems.Strong
interactionswith theenvironmentaremorecommon. Importanteffectscanincludegalaxy
mergers,tidal interactions,infall, stripping,subclustercollapse,andaccretionflows. The
combinedeffectsof theenvironmentimply:

3. Star formationin spheroidal systemscanbeprolongedandepisodic,with large excursions
in amplitude.

Whathashappenedto thestandardscenario?Putmostsimply, it is thatwe have begunto
actuallylook at elliptical galaxiesandspiralbulges. This is not a facetiousremark,since
it is very difficult to studythesefaint systemsat theresolution(bothspatialandspectral)
andsignal-to-noiseratiosappropriateto the task. In imaging,Baade’s 1944observations
of M31 andM32 (acquiredundersuperbobservingconditions)werein factnotsuperseded
until thelast10yearswith CCDandinfrareddetectors.In spectroscopy, thestateof theart
for galaxiesis now ������� 50–200with resolutionsof ��������� 1500.

Simultaneously, wehaverefinedour interpretationaltools,especiallyfor galaxycolorsand
spectra. The period of interestis the agerange1–20 Gyr. An importantdevelopment
wasthe recognitionof the inadequacy of many populationdiagnosticsfor that range. In
particular, broad-bandcolors,which Tinsley (1978)citedasstrongevidencein supportof
the standardscenario,have limited usefulnessfor two reasons.First, they evolveslowly
for large ages(O’Connell 1988), with ∆(color) �� ∆ log � . Second,there is a serious
metallicity/ageambiguity, because

�
(color)� � log � � � (color)� � log ��!

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

Theupshotis that integratedUBVRIJK colorsarenot very usefulin constrainingevolu-
tionaryhistoriesfor ��"� 3 Gyr. Systemswhich formedat 15 Gyr, which formedat 8 Gyr,
or whichexperienceda seriesof starformationburstslastinguntil 5 Gyr ago,canall have
nearlyindistinguishablebroad-bandcolors.Two recentsetsof modelsnicely illustratethis
fact(Schweizer& Seitzer1992,Fritze-v. Alvensleben& Gerhard1993).Thefirst of these
states,“... therelatively smallscatterof theUBV colorsof E+S0galaxies...(oftencitedas
evidencefor uniformly high ages)is fully compatiblewith [them] having formedthrough
major mergersover at least1/3 to 2/3 the ageof the universe”. The generalagreement
betweenUBV colorsandtheexpectationsof thestandardscenariois thereforenotsufficient
to demonstrateits validity, sincethey cannotexcludealternativehistories.

An exampleof theproblemsof datingold populationsis given in Figure1. Herewe see
two isochrones,separatedby 12 Gyr in age. Thesewould be trivial to distinguishif one
couldresolve individual starsto thebottomof thediagram.Unfortunately, thatcannotbe
doneevenin nearbygalaxieslikeM31, wheretheworkingHST limit is currentlybrighter
thanthe turnoff of theyoungerpopulation.Theresolvablepartsof thegiantbranchesdo
notprovidegoodagediscrimination,exceptat thevery tips,wheretheyoungeronehasan
“extendedasymptoticgiantbranch”(AGB) whichreaches1–2magsbrighterthantheolder
one(e.g.Iben & Renzini1983,Aaronson& Mould 1985). TheseAGB objectsarevery
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FIGURE1: A schematicHR diagram,showing two old isochrones.Theyoungeris distinguishablemainly
by its warmerturnoff starsandits extendedAGB. Thelimiting magnitudeof theHST for detectionof point
sourcesin M31 is indicated.

cool,solong-wavelengthimagingis calledfor. Until theadventof optical-bandCCD’sand
morerecentlypanoramicinfraredarrays( $&% 1' ), thiswasnot feasible.

Integratedlight photometryor spectroscopy sumsall thestarsin the isochronestogether.
Sinceinformationonstellartemperatureisretained,thisis likeaddingthediagramvertically
in temperaturebinswhosesizesdependonthetechniqueused.Thenetintegratedproperties
of thetwo isochroneswill differ mainlyby virtueof thepresenceof warmturnoff objectsin
theyoungerone,which will affect theshort-wavelength(ultraviolet-blue)spectralregion.
TheUBV systemcoversonlypartof thisregion,andwith only two filters,yieldingtoolittle
informationto beeffectivein measuringageandabundanceeffects.Spectralresolutionsof
$�(�)�$ %* 100aremoreappropriate.Themostsensitivespectroscopicsystemsofardeveloped
for datingold populationsis thatof Rose(1985,1993),whichemploysaresolutionof 1500
for selectedabsorptionfeaturesin thenear-UV/blue.

Thus,themostpromisingmeansof datingolderpopulationsinvolve eitherIR imagingor
UV-blueintegratedlight spectroscopy.

4. The Evidence

In thissectionI describeseveralof thelinesof evidencewhichsupportthenew consensus
andgive examplesof highlightsor recentresults. The list is not meantto beexhaustive,
andit is not possibleto includecompletecitations. The list is in chronologicalorderto
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emphasizethefactthatsomeof thecluesarequitevenerable.

1944–: Population I componentsin spheroidal systems. In a companionpaperto the
announcementof theresolutionof M31 andM32,Baade(1944b)reportedthepresenceof a
dustcloudin NGC185,oneof thepeculiardwarfellipticalcompanionstoM31. Subsequent
observationsalsolocatedmassiveOB starsin bothNGC185and205(Baade1951).These
werethefirst hintsthat“purePopII” systems,thoughtto bedevoid of interstellarmatteror
youngstars,werereally oftenmorecomplex. More recentwork hasconfirmedthat these
systemshaveexperiencedrecentburstsof starformation,possiblyinducedby interactions
with M31 (Wilcotset al. 1990,Davidge1992,Leeetal. 1993).Radio,infraredandX-ray
observationsin the 1980’s demonstratedthat E andS0 galaxiesoften containa massive
interstellarmedium,thoughthis may exist in forms (very hot gas;cool distributeddust)
whicharedifficult to detectatopticalwavelengths(seethecatalogof Robertsetal. 1991).
Examplesof HSTdetectionsof dustin Virgoelliptical galaxiesareshown in Figure2.

In a relateddevelopment,Morganandhis collaborators(Morgan& Mayall 1957,Morgan
& Osterbrock1969)showedspectroscopicallythatthebulgesof latertypespirals(Sbc-Sd)
oftencontainedstellarpopulationswith ages,- 1 Gyr. It wasnotwidely appreciatedthatif
they wereonly 3-5 Gyr older(still muchyoungerthanglobularclusters)suchpopulations
wouldnotbedistinguishablewith low-resolutiontechniques.With moresensitivemethods,
King (1986)wasableto findsuchintermediateagepopulationsin over40%of the(mostly)
Sa-Sbbulgesin hissample(seealsoKormendy1993).It is likely thatgastransferfrom the
spiraldisksfuelsthebirth of thesepopulations,longaftertheinitial burstof starformation.

1956–:Integratedlight differencesbetweengalaxiesandglobular clusters. Thefirst testof
thehypothesisthattheentirepopulationsof globularsandspheroidalsystemswereidentical
wasmadeby Morganin 1956.Heobtainedlow dispersionspectraof thebulgeof M31 and
immediatelyfound that the galaxyhadmuchstrongerabsorptionlines thanthe clusters.
It wasnow clear that the starswhich Baadehadresolved in M31 andM32 wereonly a
tracepopulation,not representativeof thewhole. This oughtto have forceda reevaluation
of the ageissue. Instead,the communityadoptedthe view that the metalabundancesof
spheroidalsystemsmay differ from thoseof clustersbut that the ageswereidentical. It
wasassumedthattheglobularsandelliptical galaxieswerea one-parametercontinuumin
metalabundance,with thelatterat themetalrich end.

Laterwork with increasingresolutionandprecisiondemonstratedthatspheroidalpopula-
tionswereneitheridenticalto nor a simpleextensionof theglobular clusters(e.g. Baum
1959,Frogeletal.1980,O’Connell1983,Bursteinetal.1984,Rose1985,Brodie& Huchra
1991). A recentstudyby Rose(1993) is the mostexhaustive. He useshigh resolution
spectrato show that themetalrich globular cluster47 Tuc andtheelliptical galaxyM32,
which arenearlyindistinguishablein low resolutionspectroscopy andphotometry, differ
at over the5. level in thosenear-UV/blue absorptionfeatureswhich aremostsensitive to
thestructureof their color-magnitudediagrams.Thepopulationsof thesetwo systemsare
notcloselyrelatedandcannotdiffer only in metalabundance.

Thedifferencesbetweenthesetwotypesof objectsaremodel-independent,andthey remove
theoriginalbasisfor thepresumptionthatglobularclustersandgalaxiesarecoeval.

1971–:Integratedspectrophotometryof spheroidal populations.Thefirst importantquan-
titativestepbeyondbroad-bandcolorswasthehigh S/N,moderate-resolutionspectropho-
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FIGURE2: Examplesof a cold ISM in E galaxies,taken from anHST/PCsurvey of bright Virgo E’s by
Jaffe et al. (1993). DeconvolvedV-bandimages.Complex, spiral-like dustlanesarepresentin both. NGC
4550hasa flattenednuclearlight distribution, consistingof co-spatial,counter-rotatingstellardisks(Rubin
etal. 1992).

tometrypioneeredby 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)andmany others.Themostimmediateresult
wasthatthestarsin luminousspheroidshadsignificantlyhighermetalabundancesthanthe
sun.For agivenintegratedcolor, or inferredmainsequenceturnoff, theestimatedageof a
populationdecreasesasits metalabundanceincreases.Mostmodelingthereforesuggested
thatagesof 12–15Gyr wouldyield redderenergy distributionsthanobserved.

Thesituationwascloudedby questionsaboutthenatureof the“supermetalrich” (SMR)
components(e.g. Taylor 1982,Faberet al. 1985). It waspossiblethat thestronglinesof
SMR starsandgalaxieswereenhancedby mechanismsotherthanabundance,andthere
wasevidencethatthelight andheavy metalsweredecoupledin galaxyspectra(O’Connell
1976,Pritchet& Campbell1980).Theimportanceof metallicitymixtureswasalsodebated
(e.g.Renzini1986),thoughit isnotobviousthatadispersionin abundancein agivensystem
wouldnecessarilybiasanagedeterminationevenif it might reduceits precision.

M32 becamean importanttestcasewhenO’Connell (1980)showed that its near-UV/IR
spectrumcouldbefit to 2%accuracy by asolar-abundancemodelof age5 Gyr, only 1/3the
ageof theglobular clusters.Theproblemsof SMR-nesswerelessimportanthere. These
conclusionsweresupportedby avarietyof laterintegratedlight studiesof M32 from UV to
IR wavelengths(Bursteinet al. 1984,Rose1985,Kjærgaard1987,Rocca-Volmerange&
Guiderdoni1987,Bouladeet al. 1988,Bica et al. 1990,Davidge1990,Magris& Bruzual
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1993,Rose1993).

The largestdatabaseof elliptical galaxy digital spectrais the Lick Observatory survey
of Faberet al. (1992). Detailedmodelingof line strengthsfrom the survey (Worthey
1992,Worthey et al. 1992),hasrecentlyyieldedtwo conclusions:first, that the ratio of
light to heavy elementsdoeschangewith massamongthe galaxies,suggestingvariable
nucleosynthetichistories;andsecond,that the colorsandline strengthsof many objects
arenot consistentwith ages 12 12 Gyr. The H 3 –Mg diagram,which offers the bestage-
abundanceseparation,is shown in Figure3.

Thedirectspectralevidencethereforeindicatesaconsiderablerangein light-weightedages
andevolutionaryhistories. Spheroidalsystemsappearto besensitive to threepopulation
parameters(not one,asin thestandardscenario):age,heavy metalabundance,andlight
metalabundance(Worthey 1992).

1972–: Interactionsand mergers. Individual examplesof interactinggalaxieshadbeen
known for many years,mainly throughthe work of Zwicky, Vortonsov-Velyaminov, and
Arp, beforetheToomres(Toomre& Toomre1972,Toomre1977)suggestedthat interac-
tionsmight bea commonfeatureof galaxyevolution andthat,in theright circumstances,
themergedproductof anencountermight resembleanE galaxy. A largebodyof obser-
vationalandtheoreticalwork followed,reviewedin Barnes& Hernquist(1992).Recently,
dynamicalevidenceof multiple accretioneventshasbeenfound in a numberof nearby
elliptical galaxies(e.g. Kormendy1984,Franx& Illingworth1988,Bender1988,Bender
& Nieto 1990;Rubinet al. 1992). Oneof themoredramaticexamplesof a likely merger
remnantis thedoublenucleusof M31 (Laueretal. 1993).Correlationsbetweendynamical
disturbancesandpopulationyouthin Egalaxieshavebeenfoundby Schweizeretal. (1990)
andSchweizer& Seitzer(1992). About half of thefield E’s in the latterstudymayhave
beenformedthroughmergersduring the last 2 7 Gyr. A relatedspectralstudyof E/S0
galaxiesby Bower et al. (1990)indicatesthatstarformationwascompletedearlierin the
denserenvironmentsof rich clustersof galaxiesthanin thefield or poorerclusters.

In a studyof all typesof “dynamicallyhot” galaxies(E’s, bulges,compacts,anddwarfs),
Benderet al. (1992,1993)find thatstructuralpropertiesareconsistentwith a hierarchyof
mergerswhichinvolveasystematicallysmallerproportionof gasasthetotalmassincreases.
Mg line strengthsalsoindicatethatthemeanabundanceandageof apopulationareclosely
linkedto a galaxy’s dynamics.Themechanismswhich might closelycoupledynamicsto
thestellarpopulationsarenot clearyet.

1978–: Lateevolutionof clustergalaxies. Accordingto the standardscenario,luminous
E/S0galaxiesshouldnotshow appreciablechangesin theirrest-framecolorsuntil lookback
timescomparableto their ages,i.e. ∆ 4�12 12 Gyr, implying 5 1 1 6 5. The discovery by
Butcher& Oemler(1978,1984)thatevolutionaryeffectscouldbedetectedin rich clusters
in the form of an excessof blue galaxiesat redshiftsas low as 5 2 0 6 2 was therefore
unexpected.Spectroscopy by Dressler& Gunn(1983)andothersrevealedthat many of
the blue objectsappearedto be in a post-starburst phase. The mechanismsresponsible
have not beenpositively identified(seethereviewsby Gunn& Dressler1988andOemler
1992),but interactions/mergersareimportantin many cases(e.g. Lavery et al. 1992),and
ram-pressureinducedstarformationmayplaya role in others.

Milder forms of the “Butcher-Oemlereffect” have alsobeendetectedin nearbyclusters,
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FIGURE3: Line strengths(H 8 andMg I 9 5175)in theLick survey of E galaxies.Smallopensquaresare
observationsfor E nuclei; M31 andM32 aremarked. Largesymbolsaremodelsby Worthey (1992)for 5
differentlog :<;=:?> valuesbetween@ 0 A 5 (triangles)and+0A 5 (pentagons).Four agesfrom 5 to 17 Gyr are
included;theapproximateisochronesfor 5 and12Gyr aredrawn in. Accordingto thestandardscenario,all
objectsshouldlie below the12Gyr isochrone.Mostareclearlyyounger, accordingto thiscalibration.

includingVirgo(vandenBerghetal.1990)andPegasusI (Vigrouxetal.1989).TheComa
clusterpresentsaninterestingcase.E/S0galaxiesin thecoreshow little scatteraboutthe
meanluminosity-colorrelation,implying uniformstarformationhistories(e.g.Sandage&
Visvanathan1978,Boweretal. 1992).However, 1/3of theE/S0clustergalaxiesin afield
40 B from thecenterhaveenhancedBalmerabsorptionor emissionlinesindicativeof recent
starformation(Caldwelletal. 1993),possiblyinducedby asubclustermerger.

1980–:ExtendedAGB stars in Local Groupspheroidal systems.As notedin Sec.3, stars
onthe“extended”AGB canbeusedastracersof intermediateage(1–10Gyr) populations.
AGB starsof older ( C 12 Gyr), populationscan rise DE 1 mag above the helium flash,
but only moremassive (and thereforeyounger)starscansurvive to higher luminosities
(Aaronson& Mould 1985,Mould 1992).During the1980’s,AaronsonandMould carried
out an extensive programto detectluminous,cool AGB starsin spheroidalpopulations
throughouttheLocalGroup,with greatsuccess.They foundthat,with only fourexceptions,
all of the dwarf spheroidalgalaxiesstudiedcontainedintermediateagepopulationswith
agesE 2–10Gyr. It waspossibleto confirmtheageestimatesby directobservationsof the
mainsequenceturnoffs in severalcases.Themostthoroughlystudiedis theCarinadwarf
(Mighell 1990),in whichabout80%of thestarsareonly E 7.5Gyr old.
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Sincethedwarf spheroidalshadlongbeenconsideredprototypicalexamplesof “purePop
II” galaxies,theseresultswereunsettlingfor thestandardscenario.However, it couldbe
arguedthatsuchsmallsystemswereeasilydisturbedby interactionsandgasexchangewith
their larger neighbors.The sameis true of the larger dwarf systemsNGC 185 and205,
whichcontainbothveryyoungbluestarsandintermediateagecomponents(Davidge1992,
Leeetal. 1993)andof theLMC, wherethereis evidenceof amajorstarformationepisode
beginningonly3 Gyrago(Butcher1977,vandenBergh1991).Thekey testof theclassical
interpretationwasthereforeto obtainIR imagingof themoremassivesystemsM31, M32,
andM33 whichwould rival Baade’s originalprobeof thesepopulations.

All threeobjectshavenow beenfoundto containintermediateagespheroidalpopulations.
RecentH-band imaging of the faint bulge of M33 has identified luminousAGB stars
correspondingto agesGH 1 Gyr (Minniti et al. 1993). In thebulgeof M31, Rich & Mould
(1991)detectedAGB starsup to 2 magsbrighter than the He flashusing J,K imaging.
DePoy et al. (1993)suggestedthat imageblendingmight biasthe luminosity function in
M31, but recentHST imaging(Rich & Mighell 1993)appearsto remove this objection.
TheAGB starsin M31’sbulgeprobablyhaveagesGH 8–10Gyr.

In M32, four infraredimagingstudieshave foundluminousAGB starswith probableages
of H 4 I 3 Gyr (Freedman1989,1992;Davidge& Nieto1992;Elston& Silva1992).The
IR color-magnitudediagramfrom the latterwork is shown in Fig. 4 andrevealsa strong
populationof starsbrighterandcooler thanthosefound in the bulge of the Milk y Way.
Baademissedtheseluminousstarsin M31 andM32 becausethey weretoocoolto detectin
his B&R bands;they arerevealedonly with infraredimaging.Freedman(1992)discusses
the variousalternative interpretationsof theseobjects—e.g.asmergedbinariesor SMR
stars(Renzini1993)—but concludesthatanintermediateagepopulationis mostplausible.

5. The Bulge of the Milky Way

The bulge of our Galaxy is the nearestspheroidalsystem. In an ideal world, it would
also be the best to study. Instead,it is afflicted with several uniqueproblems: it lies
in the Galacticplane and thereforesuffers large and variableextinction; there is bad
contaminationby foregroundfield stars;andit is significantlyextendedin depth,probably
with a bar-like shape. All threeeffectsmake inferencesregardingits stellarpopulation
troublesome,andit maynotbesurprisingthatinterpretationof theGalacticbulgehasbeen
particularlycontroversial.Therearetwo mainschoolsof thought:evidencesupportingthe
classicalinterpretationis reviewedby Frogel(1988)while thatsupportingamorecomplex
andextendedevolutionaryhistory is reviewed by Rich (1992). The mostrecentdebates
over thesescenariosare in Habing& Dejonghe(1993). The strongestevidencefor the
revisionistinterpretationis theluminousAGB starpopulationin thebulge,which includes
many long-periodMira variables,with probableagesGH 4 Gyr.

6. Conclusion

Thereisstrongandgrowingevidencethatmany spheroidalsystemsexperiencedprolonged,
episodicstarformationhistories,probablygreatlyinfluencedby theirenvironments.Stars
arestill thebesttracersof theevolution of galaxies,thebest“clocks”, asRenzinicharac-
terizesthem,soit is importantthatstellarpopulationstudieshave now validatedtheother
lessdirect pointersto this picturewhich wereanticipatedby studiesof AGN’s, starburst
galaxies,andhigh redshiftgalaxies.
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FIGURE4: An infraredcolor-magnitudediagramfor M32 from Elston& Silva (1992).Thegiantbranches
of two globularclustersareshown,asis theregionoccupiedin thebulgeof ourGalaxy(“BW”). Theextended
AGB starsin M32 areup to 1-2magsbrighterandappearto haveagesK 4 Gyr.

This revisedinterpretationof spheroidalpopulationsis now favoredby all of thevarieties
of evidenceoriginally marshaledin supportof the“standardscenario”.It is not surprising
thatincreasedobservationalsensitivity haschangedouroutlook.Whatis surprisingis how
longit took—especiallygivensuchtelltalecluesastheyoungpopulationsin M32’ssibling,
NGC205,or Morgan’sspectraof thebulgeof M31.

This newer evolutionarypicturepredictsthatmostgalaxiesaremixturesof disparatesub-
systems.It suggeststhat the term “galaxy formation” is obsolete,or at leastinaccurate,
andthatit maybebetterto speakof galaxy“assembly”instead.A goodanaloguemightbe
theway in whichmountainrangesareassembledfrom bothfreshandancientmaterialsin
platetectonicgeology.

Whataretheimplicationsfor thenatureof thenucleusof ourGalaxy, whichis theprincipal
subjectof this conference?I am impressedby the fact that the Local Groupasa whole
appearsto have experienceda very turbulent history during the past12 Gyr, with major
episodesof starformationtraceablein all but a handfulof objects,regardlessof whether
they arespheroidalor disk populations. It seemsunlikely that our Galacticbulge could
have avoidedthemelee,andthedirectevidencefor intermediateagepopulationsthereis
growing. Although muchof the radio, infrared,andhigh-energy activity in the nucleus
of the Milk y Way is relatedto starformationof very recentvintage,I think it shouldbe
viewedasonly a near-termexampleof a long historyof activity, probablyoften induced
by externalagents.

L=M



ACKNOWLEDGEMENTS: I amgratefulto ReinhardGenzelandAndy Harrisfor merging a
disparatemixtureof astronomersin a beautifulenvironmentandto Dave Silva andGuy Worthey
for permissionto reproducefiguresfrom their papers.This work hasbeensupportedin part by
NASA grantNAGW-2596.

References
Aaronson,M., & Mould, J.R.1985,ApJ,290,191.
Baade,W. 1944a,ApJ,100,137.
Baade,W. 1944b,ApJ,100,147.
Baade,W. 1951,Pub. Univ. Mich. Obs,10,7.
Baade,W. 1963,Evolutionof StarsandGalaxies, ed. C. Payne-Gaposhkin(Cambridge:MIT).
Barbuy, B., & Renzini,A. 1992,TheStellarPopulationsof Galaxies(Dordrecht:Kluwer).
Barnes,J.E.,& Hernquist,L.E. 1992,ARA&A, 30,705.
Baum,W.A. 1959, PASP,71,106.
Bender, R. 1988,A&A, 202,L5.
Bender, R.,Burstein,D., & Faber, S.M.1992,ApJ,399,462.
Bender, R.,Burstein,D., & Faber, S.M.1993,ApJ, in press.
Bender, R.,& Nieto,J.-L.1990,A&A, 239,97.
Bica,E. & Alloin, D. 1987.A&A, 181,270.
Bica,E.,Alloin, D., & Schmidt,A. 1990,A&A, 228,23.
Boulade,O.,Rose,J.A.,& Vigroux,L., 1988,AJ, 96,1319.
Bower, R.G.,Ellis, R.S.,Rose,J.A.,& Sharples,R.M. 1990,AJ, 99,530.
Bower, R.G.,Lucey, J.R.,& Ellis, R.S.1992,MNRAS, 254,601.
Brodie,J.P., & Huchra,J.P. 1991,ApJ,379,157.
Burstein,D., Faber, S.M.,Gaskell, C.M., & Krumm,N. 1984,ApJ,287,58.
Butcher, H.R.1977,ApJ,216,372.
Butcher, H.R.,& Oemler, A. 1978,ApJ,219,18.
Butcher, H.R.,& Oemler, A. 1984,ApJ,285,426.
Caldwell,N., Rose,J.A.,Sharples,R.M., Ellis, R.S.,& Bower, R.G.1993,AJ, 106,473.
Davidge,T.J.1990,AJ, 99,561.
Davidge,T.J.1992,ApJ,397,457.
Davidge,T.J.,& Nieto,J.-L.1992,ApJ,391,L13.
DePoy, D.L., Terndrup,D.M., Frogel,J.A.,Atwood,B., & Blum, R. 1993,AJ, 105,2121.
Dressler, A. & Gunn,J.E.1983,ApJ,270,7.
Eggen,O.J.,Lynden-Bell,D., & Sandage,A. 1962,ApJ,136,748.
Elston,R.,& Silva,D.R.1992,AJ, 104,1360.
Faber, S.M.1972,A&A, 28,109.
Faber, S.M.,Friel, E.D.,Burstein,D., & Gaskell, C.M. 1985,ApJS,57,711.
Faber, S.M.,Worthey, G.,& Gonzalez,J.J.1992,in TheStellarPopulationsof Galaxies, ed. B. Barbuy & A.

Renzini(Dordrecht:Kluwer), p. 255.
Franx,M., & Illingworth,G.D.1988,ApJ,327,L55.
Freedman,W.L. 1989,AJ, 98,1285.
Freedman,W.L. 1992,AJ, 104,1349.
Fritze-v. Alvensleben,U., & Gerhard,O.E.1993,A&A, in press.
Frogel,J.A.1988,ARA&A, 26,51.
Frogel,J.A.,Persson,S.E.,& Cohen,J.G.1980,ApJ,240,785.
Gregg,M. 1989,ApJ,337,45.
Gunn,J.E.,& Dressler, A. 1988,in TowardsUnderstandingGalaxiesat LargeRedshift, eds.R.G.Kron and

A. Renzini(Dordrecht:Kluwer), p. 227.
Gunn,J.E.,Stryker, L.L., & Tinsley, B.M. 1981,ApJ,249,48.
Habing,H., & Dejonghe,H. 1993,GalacticBulges, (Dordrecht:Kluwer), in press.
Hesser, J.E.1993,in TheGlobular Cluster-GalaxyConnection,eds.G.H. Smith& J.P. Brodie(SanFrancisco:

ASP),p. 1.
Iben,I., & Renzini,A. 1983,ARA&A, 21,271.
Jaffe, W., Ford,H.C.,Ferrarese,L., Vandenbosch,F., & O’Connell,R.W. 1993,Nature,364,213.
King, C.R.1986,PhDThesis,YaleUniversity.
Kormendy, J.1984,ApJ,287,577.
Kormendy, J.1993,in GalacticBulges, eds.H. Habing& H. Dejonghe(Dordrecht:Kluwer), in press.
Kjærgaard,P. 1987,A&A, 176,210

N�N



Lauer, T.R.,Faber, S.M.,Groth,E.J.,Shaya,E.J.,Campbell,B., et al. 1993,AJ, in press.
Lavery, R.J.,Pierce,M.J.,& McClure,R.D.1992,AJ, 104,2067.
Lee,M.G., Freedman,W.L., & Madore,B.F. 1993,AJ, 106,964.
Magris,G.,& Bruzual,G. 1993,ApJ, in press.
Mighell, K.J. 1990,A&AS, 82,1.
Minniti, D., Olszewski, E.W., & Rieke,M. 1993,ApJ,410,L79.
Morgan,W.W. 1956,PASP, 68,509
Morgan,W.W., & Mayall, N.U. 1957, PASP, 69,291.
Morgan,W.W., & Osterbrock,D.E.1969,AJ, 74,515.
Mould, J.R.1992,in TheStellarPopulationsof Galaxies, ed. B. Barbuy & A. Renzini(Dordrecht:Kluwer),

p. 181.
O’Connell,R.W. 1976,ApJ,206,370.
O’Connell,R.W. 1980,ApJ,236,430.
O’Connell,R.W. 1983,in Highlightsof Astronomy, ed. R. M. West(Dordrecht:Reidel),p. 147.
O’Connell,R.W. 1986,in StellarPopulations, eds. C. Norman,A. Renzini,& M. Tosi (Cambridge:Cam-

bridgeUniversityPress),p. 167.
O’Connell,R.W. 1988,in TowardsUnderstandingGalaxiesat LargeRedshift, eds.R. G. Kron & A. Renzini

(Dordrecht:Kluwer), p. 177.
Oemler, A. 1992,in ClustersandSuperclustersof Galaxies, ed. A.C. Fabian(Dordrecht:Kluwer), p. 29.
Pickles,A.J.1985,ApJ,296,340.
Pritchet,C.,& Campbell,B. 1980,ApJ,240,768.
Renzini,A. 1993,in GalacticBulges, eds.H. Habing& H. Dejonghe(Dordrecht:Kluwer), in press.
Renzini,A. 1986,in StellarPopulations, eds. C. Norman,A. Renzini,& M. Tosi (Cambridge:Cambridge

UniversityPress),p. 213.
Rich,R.M. 1992,in TheCenter, Bulge, andDiskof theMilky Way, ed. L. Blitz (Dordrecht:Kluwer), p. 47.
Rich,R.M., & Mighell, K. 1993,preprint.
Rich,R.M., & Mould, J.R.1991,AJ, 101,1286.
Roberts,M.S.,Hogg,D.E.,Bregman,J.N.,Forman,W.R.,& Jones,C. 1991,ApJS,75,751.
Rocca-Volmerange,B. & Guiderdoni,B. 1987,A&A, 175,15.
Rose,J.A.1985,AJ, 90,1927.
Rose,J.A.1993,AJ, in press.
Rubin,V.C.,Graham,J.A.,& Kenney, J.D.P. 1992,ApJ,394,L9.
Sandage,A. 1986,ARA&A, 24,421.
Sandage,A. & Visvanathan,N. 1978,ApJ,225,742.
Schweizer, F., & Seitzer, P. 1992,AJ, 104,1039.
Schweizer, F., Seitzer, P., Faber, S.M.,Burstein,D., DalleOre,C.M., & Gonzalez,J.J.1990,ApJ,364,L33.
Spinrad,H., & Taylor, B.J.1971,ApJS,22,445.
Taylor, B.J.1982,Vistasin Astron.,26,253.
Tinsley,B.M. 1978,in StructureandPropertiesofNearbyGalaxies,eds.E.M.BerkhuijsenandR.Wielebinski

(Dordrecht:Reidel),p. 15.
Tinsley, B.M. 1980. Fund.CosmicPhys., 5, 287.
Toomre,A. 1977,in TheEvolutionof GalaxiesandStellarPopulations, eds.B.M. Tinsley andR.B. Larson

(New Haven: YaleUniv. Obs.),p. 401.
Toomre,A., & Toomre.J.1972,ApJ,178,623.
vandenBergh,S.1991,ApJ,369,1.
vandenBergh,S.,Pierce,M.J.,& Tully, R.B.1990,ApJ,359,4.
Vigroux,L., Boulade,O., & Rose,J.A.1989,AJ, 98,2044.
Wilcots,E.M., Hodge,P., Eskridge,P.A., Bertola,F., & Buson,L. 1990,ApJ,343,785.
Worthey, G.,Faber, S.M.,& Gonzalez,J.J.1992,ApJ,398,69.
Worthey, G. 1992,PhDThesis,Universityof California,SantaCruz.

OQP


