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Abstract We summarizeHubbleSpaceTelescopeprojectsthat imageda signi�cant sam-
ple of nearbygalaxiesof all typesandinclinationsin themid-UV with WFPC2
andsomein the near-IR with NICMOS. The sampleemphasizeshigh-surface
brightnesslate-type,irregular, peculiarand merging galaxies,sincetheseob-
jectsarethemostprevalentat high redshifts.Thesampleis usedto establisha
localbenchmarkfor quantitative classi�cationsof galaxiesseenby HSTin their
rest-frameUV, andin thenext decadealsoby theJamesWebbSpaceTelescope.

We review how nearbygalaxieschangetheir rest-framestructureandmor-
phologyfrom therest-frameUV to theopticalasa functionof galaxytypeand
inclination,andotherstudiesthatarebeingdonewith this HST sample.When
observedin therest-framemid-UV — early-to mid-typegalaxiesaremorelikely
misclassi�edas later typesthan late-typegalaxiesare misclassi�edas earlier
types.This is becauselater-typegalaxiesaredominatedby thesameyoungand
hotstarsin all �lters from themid-UV to thered,andsohaveasmaller“morpho-
logicalK-correction”thantrueearliertypegalaxies.This
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canexplaina
smallpart,but certainlynotall of theexcessfaintbluelate-typegalaxiesseenin
deepHST�elds. Contraryto early–mid-typegalaxies,themajority of late-type
galaxiesbecomeredderoutward. While youngUV/blue-brightstellarpopula-
tions dominatetheir inner morphology, most late-typegalaxiesareinferredto
have a signi�cant haloor (thick) disk of olderstars.We discusstheseresultsin
a cosmologicalcontext.
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1. The Needto Reliably ClassifyFaint Optical Samples

Sincethe mid 1990's, faint galaxieshave beenobserved systematicallywith
theHubbleSpaceTelescope(HST). The beststatistics,spatialsampling,and
areal coverageare achieved in the red, and good HST structural informa-
tion is available today for �

��
���� galaxieswith I �

� 26–27mag. Thesegalax-
ies comefrom the two Hubble DeepFields (“HDF”s; Williams etal. 1996,
1998),theUltraDeepField (UDF; Beckwithetal. 2004),their �anking �elds,
theHSTMedium-DeepSurvey, andotherHSTparallelsurveys (e.g.,Grif�ths
etal. 1994;Driveretal. 1995a;Abrahametal. 1996,1999;Rocheetal. 1997).
Themedianhalf-light radiusof faint �eld galaxieswith I � 26magis �����
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������� � (Odewahnet al. 1996,Cohenet al. 2003). HST's 2.4 m aperturelimits
the useful wavelengthfor propergalaxyclassi�cation to 4000�

�! 

�

� 8000 " # ,
becauseof the high spatialresolutionandgoodsamplingrequired. HST can
determinemorphologyandstructurewith relativeeasefor avery largenumber
of galaxies,andso explore a part of parameterspacethat constrainsgalaxy
formationandevolution, which is complementaryto spatiallyresolved spec-
troscopy andkinematics(seeKoo2004andLe F„evre2004;thisVol.).

The mostdramaticresult from theseHST studieswasthat at faint �ux es,
late-type/irregulargalaxiesdominatethefaintbluegalaxycounts(Driveretal.
1995a;Glazebrooketal. 1995; Odewahn et al. 1996; Windhorstet al. 1997,
2000).Thesearebelievedto bestar-forming galaxiesthatunderwentsubstan-
tial evolution sincez �

� 3–4 (Ellis etal. 1996;Pascarelleet al. 1996;Abraham
etal. 1999). Ellipticals and early-typespiralsevolved much lesssincez �

� 1
(Driver etal. 1995a;Lilly et al. 1998;Cohenet al. 2003). Driver et al. (1998)
suggesteddifferentialevolution of galaxiesasa function of type, implying a
gradualformationof theHubblesequencewith cosmictime.

2. The Mor phologicalK-corr ectionand How to Addr essit

In the deepestHST �elds, wherereliableclassi�cationsareachievable to
I �

� 26 mag (e.g., Odewahn et al. 1996; Driver et al. 1998), the sampledred-
shift rangeis z� 1–3, while the bulk of the galaxiesis at z �

� 2. Faint high
redshift galaxiesobserved in the $ -bandare thereforeprimarily seenin the
rest-framemid-ultraviolet (mid-UV), or 2000–3200"

# , which primarily traces
high surfacebrightness(“SB”) regionspopulatedby high densitiesof young
( �

� 1 Gyr) hot stellarpopulations.The reliability of resultsderived from faint
HST galaxymorphologyis thereforefundamentallylimited by the uncertain
rest-framemid-UV morphologyof nearbygalaxies.Althoughthesefaint, late-
type/irregular objectsresemblesomeclassesof nearbylate-typeandpeculiar
galaxies(e.g.,Hibbard& Vacca1997),they neednot be physicallylate-type
objects.Instead,they maybeearlier-typegalaxiesthat look dramaticallydif-
ferentin therest-frameUV. Becauseof thewavelengthdependenceof nearby
galaxymorphology(especiallytowardsthe UV), faint galaxyclassi�cations
will dependon the rest-framewavelengthsampled.This “morphologicalK-
correction”canbequitesigni�cant, andmustbequanti�ed in orderto distin-
guishgenuineevolutionaryeffectsfrom simpleband-passshifting.

MorphologicalK-correctionswerederivedfromUIT imagesbyBohlinetal.
(1991)andGiavaliscoetal. (1996),showing that nearbygalaxymorphology
canchangequitedramaticallybelow 3600–4000"

# , wherethehot(young)stel-
lar population— locatedmainly in spiralarmsandH %�% -regions— dominates
thespectralenergy distribution (SED)andwherebulgesessentiallydisappear
(Burgarellaetal. 2001;Marcumetal. 2001;Kuchinskiet al. 2001). Galaxies
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thereforeoftenappearto beof laterHubbletypethefurtheronelooksinto the
rest-frameUV. Qualitatively, this is easyto understand:in theoptical/near-IR,
we seetheaccumulatedluminousphasesof long-lived ( & 1 Gyr) stars,which
emitmostof theirenergy at longerwavelengths,whereasthemid-UV samples
thestar-formationrate(SFR)averagedover thepastGyr or less.Themid-UV
includesthe longestwavelengthswhereyoung starscan dominatethe inte-
gratedgalaxylight, andtracesprimarily presentlyactive starforming regions,
or thoseregionswherestar-formation (SF) hasonly recentlyshutdown. A
numberof authorshave exploredtheeffectsof band-passshifting usingmul-
ticolor optical imagesto extrapolateto therest-frameUV on a pixel-by-pixel
basisusingbothground-baseddata(e.g., Hibbard& Vacca,1997;Brinchmann
etal. 1998),mid-UV FOCA balloonimages(Burgarellaet al. 2001),UIT far-
UV images(Kuchinski et al. 2000), and HST imagesof galaxiesat moder-
ateredshifts(Abrahametal. 1999;Bouwens,Broadhurst,& Silk 1998). The
galaxyshapeandsizedistributionsmeasuredin deepHST imagesappearto
considerablyexceedtheeffectsof band-passshiftingalone.

To addresstheseissuesunambiguously, wepresentasystematicHSTimag-
ing projectwith the Wide Field andPlanetaryCamera2 (“WFPC2”) in the
mid-UV andredfor a representative sampleof � 100nearbygalaxies.A sub-
setwasalsoimagedwith theNear-InfraredCameraandMulti-ObjectSpectro-
graph(“NICMOS”) in H-bandto studytheolderstellarpopulations,andwith
theAdvancedCamerafor Surveys (“ACS”) in H- ' to tracetheir recentSFand
correlatethis with themid-UV images.This survey will helpusbetterunder-
standthephysicaldriversof therest-framemid-UV emission,i.e., therelation
betweenSFandtheglobalphysicalcharacteristicsof galaxies,their recentSF
history, andtherole of dustabsorption/scattering. Detailsaregiven in Wind-
horstetal. (2002),Odewahnetal. (2002;& this Vol.), Eskridgeetal. (2003),
deGrijs etal. (2003),Jansen(2004;thisVol.), andTayloret al. (2004).

3. Strategy, SampleSelection,and HST Observations

With the HST WFPC2, we imaged � 100 nearbygalaxiesthroughone or,
whenever possible,two wide-bandmid-UV �lters below theatmosphericcut-
off: F300W(  )(
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provide red-leakremoval andstudytheolderstellarpopulation.TheF255W,
F300W�lters arelogarithmicallyaboutequallyspacedin  from Johnson6 ,

7

, andsoaddsigni�cantly to theground-basedoptical–near-IR colorbaseline.
Overthelastdecade,severalgroupsdidsystematicground-basedimagingof

a largenumberof nearbygalaxiescoveringall Hubbletypesandinclinations.
Mostof thesewereobservedin 6

798;:

, but asubsetalsoin thenear-IR $=<?>A@

�lters (Eskridgeetal. 2002,seealsothis volume).WeselectedourHSTsam-
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Fig. 1 (LEFT PANEL): The distribution of predictedaveragemid-UV surfacebrightness(SB) out to
B+C for the galaxiesobserved in HST Cycle 9 (hashedhistogram) and for the full galaxy sample(solid

histogram), which includesgalaxieswith mid-UV imagesin theHST Archive. For comparison,we show

theSB-distribution for the3009galaxiesin theRC3with measuredDFE , ( GIH!D ) and BJC (openhistogram).

Fig. 2a–2d(RIGHT FOUR PANELS): Otherpropertiesof theselectedHSTmid-UV galaxysample.As

in Fig. 1, we plot the Cycle 9 galaxies(hashed), the full sample(solid), andthe RC3 (open) versus(a)

morphologicaltype; (b) apparentaxis ratio, KMLON ; (c) average( GPH;D ) color out to B
C ; and(d) effective

radius B
C . Our sampleapproximatesthe RC3 distribution, except that for comparisonwith high redshift

samplesweemphasizethelatertypes,bluestgalaxycolors,andsmallestsizes.

pleof � 100galaxiesfrom theseground-basedsamples,which include:(1) 86
face-onspirals(deJong& vanderKruit 1994);(2) 220spiralsfrom theOSU
survey (Eskridgeetal. 2000,2002); (3) 113 galaxiesfrom Frei et al. (1996);
(4) 100galaxieswith 1500 "

# and40 with 2500 "
# imagesfrom theAstro/UIT

mission(Kuchinskiet al. 2001;Marcumetal. 2001);(5) 48 edge-ongalaxies
(deGrijs et al. 1997);(6) 150UGCgalaxiesthataremorphologicallyirregular,
peculiar, or mergers(Hibbard& Vacca1997);and(7) 49late-typedwarf spiral
galaxiesandcompact,high-SBluminousbluegalaxies(Matthews& Gallagher
1997). The last two samplesprovide likely local counterpartsof thepeculiar
andirregulargalaxiesseenwith HSTin largenumbersathigh redshifts.

Theselectioncriteriafor inclusionin theHSTsampleare:(a)
7

-bandhalf-
light radius0.1' �

�

�Q�
�

� 1.0', sothattheobject�ts insideaWFPC2or NIC3 mo-
saic; (b) predictedaveragemid-UV SB out to r �R��� : 18 �

�TSVUXWZY
YZ[

�

� 22.5–23.0
magarcsecH)\ (Fig. 1), so thata galaxycanbedetectedout to r � 2–3�]� in one
orbit with suf�ciently high S/N to allow structuralfeaturesto be recognized;
(c) distributionof Hubbletypesand(d) thedistributionoverapparentaxisratio
(inclination)shouldbothberepresentative for nearbygalaxysamples(Fig. 2).
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Fig. 1 shows that the galaxiesobserved with HST have higherpredicted
mid-UV SBthanthemedianin theRC3,whichis S^UXWZY
YZ[

� 22.3magarcsecH)\ .
This is notanoverridingconcern,sincehigh-redshiftsamplesaresimilarly bi-
ased(or moreso) in favor of high-SBgalaxiesdueto the severe(1+z)_ cos-
mologicalSB-dimming.Basedon Fig. 1, onecouldapplyweightsto eachob-
served HST galaxyto betterrepresentthe true local galaxydistribution when
completesamplesarein order. Figures2a–2dshow thedistributionsof theHST
mid-UV sampleover morphologicaltype,axis ratio `�a�b , (U–B) color within

� � , andeffective radius� � . Our selectedmid-UV sampledeliberatelyoverem-
phasizeslate-types,bluer, andsmallergalaxies,sincethesearethe dominant
galaxypopulationat high redshifts.Fig. 2b shows thatour selectedmid-UV
galaxieshave a similar `ca�b distribution astheRC3. Sincethereis no signif-
icant trendin thegalaxy `�a�b distribution from theRC3 level (B �

� 15 mag)to
theHDF limit (B �

� 28mag;Odewahnet al. 1997),ournearbyHSTcomparison
sampleis thusa fair onein termsof galaxyellipticitiesatall redshifts.

In total, � 100 galaxieswere observed with WFPC2in Cycle 9–10, and
about12with NICMOS/NIC3in H-bandand20with ACSin H- ' in Cycle12
(Jansen2004; this Vol.). Typically, we exposed2 d 800–1000secin F300W
and 2 d 100–160secin F814W, while someexposurescamefrom the HST
Archive. Exposurestimesweremade�e xible to optimally usethe full HST
orbit allocatedper galaxy. The resulting1-orbit SB-sensitivity matchesthat
achieved in deepHST I-band imagesfor faint galaxies,accountingfor SB-
dimming. The resultingpoint sourcesensitivity resolvesmany galaxiesinto
theirbrighteststar-forming regions(OB associations,youngstarclusters),and
resolvesthebrighteststarsin thenearestobjects.

4. Discussionof the HST Images

In thissection,wegiveahighlevel discussionof theHST/WFPC2(Fig. 3) and
someof therecentNIC3 imagesobtainedthusfar (Fig. 4). TheHST images
have in generala muchhigherdynamicrangethantheground-basedimages.
This sometimesleadsto a differentgalaxyclassi�cation thanin the ground-
basedimagesor the RC3, andalsomakes it dif�cult to properlydisplaythe
full rangeof structuresseenwithin a galaxy. The bestdisplay of the HST
imagesis givenin theelectronicversionof Windhorstet al. (2002).

e Early-type Galaxies:Theregularearly-typegalaxies(elliptical andS0's) in
our sampleshow in generala signi�cant increasein SB from the mid-UV to
thered,re�ecting anoverall lackof a youngstellarpopulation,asalsoseenin
the far-UV UIT imagesof Marcumet al. (2001)andKuchinskietal. (2000).
Outof 7 early-typegalaxiesimaged,two havesmallbluenuclearfeatures.Two
galaxiesaremergerremnantsandhave signi�cant dustydisksin themid-UV,
but will likely soonevolve into early-typegalaxies.Threeearly-typegalaxies
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UGC08823-MUV UGC08823-F814W UGC05101-MUV UGC05101-F814W

NGC 2551-MUV NGC 2551-F814W NGC 6753-MUV NGC 6753-F814W

NGC 5257-MUV NGC 5257-F814W ESO418-008-MUV ESO418-008-F814W

ESO487-019-MUV ESO487-019-F814W UGC10445-MUV UGC10445-F814W

UGC06471/2-MUV UGC06471/2-F814W UGC08677/8-MUV UGC08677/8-F814W

Fig. 3: Summaryof our HST/WFPC2-images(75” f 75” FOV) of nearbygalaxiesin F300W(“mid-UV”;

left panels)andF814W(right panels).(Row 3.1)TheSeyfert UGC08823with anold stellarpopulationin

F814W, andthemergerremnantUGC05101which is dustyin themid-UV; (Row 3.2)Theearly-typespiral

NGC2551andmid-typegrand-designspiralNGC6753;(Row 3.3)Thelate-typebarredspiralNGC5257and

thesmallspiralESO418-008;(Row 3.4)Thelate-typesESO487-019andUGC10445,eachwith signi�cant
g

�4�+�h�
	

(which is an exceptionratherthan the rule for the late-typegalaxiesobserved in our sample);

(Row 3.5)ThemergersUGC06471-2andUGC08677-8with variouswavelengthdependentstructures.The

bestfull-sizedisplaysaregivenin theelectronicversionof Windhorstet al. (2002).
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becomedominatedby point sourcesin the mid-UV, indicatingweakoptical-
UV AGN, Seyfert, or LINER nuclei(Fig. 3.1). While thesearesmallnumber
statistics,their presencein our sampleis dueto our pre-selectionof galaxies
with highpredictedaverageSBin themid-UV within � � , resultingin anumber
of early-typegalaxiesthataredominatedin themid-UV by AGN.

If AGN generallyresidein bulge-dominatedgalaxies(e.g., Magorrianet
al. 1998), then the red and old stellar populationof the underlyingearly-
type galaxieswill be generallyfaint in the UV, but the presenceof a (weak)
AGN will result in blue (U-B) colorsandthereforea high SB the mid–near
UV, andso inclusion into UV-selectedsamples.Similarly, ground-basedU-
or B-bandselectedsurveys resultin signi�cant numbersof point-like AGN in
early-typegalaxiesat moderateredshifts(z �

� 0.3),which arethusclassi�edas
QSO's. However, had theseobjectsbeenselectedfrom the groundat much
longerwavelengths(i.e., in the $ -band),then they would have shown up as
early-typegalaxiesin goodseeing.This leadsusto wonderto whatextentthe
(strong)cosmologicalevolution of AGN selectedthroughtheir UV/blue ex-
cessatmodestredshifts(Koo& Kron 1988;Boyle etal. 2000)couldin partbe
dueto a “morphologicalK-correction”of early-typegalaxieswith weakAGN
— thestrongSB-dimmingof their UV-faint stellarpopulationwill renderthe
early-typeAGN hostgalaxiesinvisible at intermediateto higherredshifts.

e Mid-type Spirals: In general,spiralarmsaremorepronouncedin themid-
UV, asUIT showedto begenerallytruein thefar-UV (Bohlin et al. 1991,Hill
etal. 1992, Kuchinskiet al. 2001, Marcum etal. 2001). However, mid-type
spiralsandstar-forming galaxiesappearin generalmoresimilar from themid-
UV to the optical thanearly-typegalaxies(Fig. 3.2 & 3.3). Someappearas
latertypesin themid-UV, andafew show drasticchangesin typefrom theopti-
cal to themid-UV, equivalentto achangein T-typeof / T �

� 3 (Fig. 3.4b).One
galaxyshows a spectacularresonancering of hot stars,while the remainder
diskbecomesessentiallyinvisible in themid-UV (Eskridgeetal. 2003).

We observe a variationin color of thegalaxybulges/centersin spirals,and
a considerablerangein scaleandSB of the individual star-forming regions.
Dustfeaturesin mid-typespiralscanbewell tracedby comparingtheF300W
to theF814Wimages,andarevisible in lanesor patches(possiblytrailing spi-
ral densitywave patterns?),in pockets,and/orbubbles. A curiousfeatureis
that almostwithout exception,the mid-typespiralsin our samplehave their
smallnuclearbulgesbisectedby a dust-lane,which is oftenconnectedto the
innerspiralarmstructure,asseenby comparingtheF814Wandmid-UV im-
ages.This is interestingin thecontext of the �nding thatall bulge-dominated
systemshave a centralblack-holewith anaveragemassi

Kkj

� 0.005dli

K�mQn�o

�

(Magorrianetal. 1998). The small nucleardust-lanein most mid–late-type
spiralsmaybe involved in feedingthe inneraccretiondisk, if present.Some
edge-ongalaxiesarevery faint in F300Wwhencomparedto F814W, others
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emit/transmitsigni�cantly morein F300W, with someintermediatecases.All
show a F300W/F814W�ux ratio increasingfrom the insideout, asexpected
for a decreasingdustcontentfrom theinsideout,and/ora strongradialgradi-
entin thestellarpopulation,if weassumethatthedustandstarsarewell mixed
(i.e.,thestarsarenotpreferentiallylocatedin front of mostof thedust;seee.g.,
Jansenetal. 1994,2000;Witt & Gordon1996;Kuchinskietal. 1998).

e Late-type Galaxies and Irr egulars: The late-typeand irregular galaxies
imagedarea heterogeneousmixture. The majority of thesegalaxiesshow a
F300Wmorphologythat is similar to F814W. Importantdifferencesareseen,
however, dueto recognizabledust-lanesblockingout theF300Wlight. Dust
is visible in pockets,holesor bubbles,perhapsdueto supernova-inducedout-
�o ws, or out�ows fueledby bright star-forming regions,suchasseenin M82
at HST resolution(de Grijs etal. 2001). Somelate-typegalaxiesarephysi-
cally smallergalaxieswith what appearsto be the beginning of spiral struc-
ture. OthersareMagellanicIrregularswith variousregionsof stochasticSF.
Star-formation“ridges” areseenin late-typegalaxies,aswell ashot starsor
star-clustersthat areparticularlyconspicuousin the mid-UV (F300Wand/or
F255W).A few late-typegalaxieswould beclassi�edsigni�cantly differently
whenobserved in themid-UV thanin theF814Wpassband,especiallywhen
observedunderlessthanperfectatmosphericseeingconditions(seeFig. 3.4).
A quantitative discussionof the classi�cation changesasa function of rest-
framewavelengthwill begivenby Tayloretal. (2004).

e Peculiarsand Mergers:Themajorityof thepeculiarsandinteractinggalax-
iesshow aF300Wmorphologythatis similar to thatin F814W. Severalmerg-
ershave spectaculardust-lanesthat threadalongwith the spiral arms,which
aretidally distortedduring the interaction(Fig. 3.5), while mostothershave
absorptionin apparentlyrandomlocationsassociatedwith astar-burst.

5. Galaxy Outskirts fr om a CosmologicalPerspective

The combinedHST+ground-basedUBVR light pro�les show that early–mid
type galaxieshave only small radial color-gradientsin theouterparts,where
diskstendto getsomewhatbluerat largerradii (Fig. 4 here;deJong& vander
Kruit 1994;deJong1996;deGrijs et al. 1997;Jansenetal. 2000). Corrected
for reddeningby dust, this behavior indicatesa (thin) disk that grows with
cosmictime throughthe infall of gasandminor mergersthatdid not recently
upsetthedisk. Remarkably, themajorityof thelate-typegalaxiesin oursample
showstheoppositebehavior, becomingsigni�cantly redderat largerradii. Fig.
4a and4b comparean exampleof eachtrend,andin Taylor etal. (2004)we
quantifythecolor-gradientsfor thetotal sample.In general,color-gradients
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Fig. 4: WFPC2-imagesin F300WandF814Wandcolor-gradientsin (U–B), (B–V), (V–R),and(U–R) for

(a) UGC10043[top] and(b) UGC01104[bottom]. UGC10043showstheusualbehavior for early–mid-type

spiralsof gettingbluer with increasingradius. Irregular galaxyUGC01104,on the otherhand,becomes

progressively reddertoward its outer regions. This is the morecommonbehavior for late-type/irregular

galaxiesin ourHSTsamples,andsuggesttheexistenceof anold haloor (thick) disk.

F300W

F814W

F160W

Fig. 5: Pro�les of surfacebrightness[left] andcolor [middle] measuredfrom our HST/WFPC2F300W,

F814WandNIC3 F160Wimages[right]. The ellipsesin eachimagecorrespondto the outermostpoints

usedin thepro�les. NGC1311is anSmgalaxythat is well-resolved with HST into its stellarpopulations

from themid-UV to thenear-IR andthatbecomesredderwith increasingdistancefrom its center, a trend

seenin themajorityof late-typegalaxiesin oursample.Signi�cantly morestarsareseenin H-band(through

mostof thedust),andadimmerunresolved,olderstellarpopulationis apparent.
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getredderoutwardsfor themajorityof late-typegalaxies,andthis is in general
moreoftenseenfor galaxiesof lower luminosity, smallerhalf-light radius,and
lower averageSB (Tully et al. 1996; Jansenet al. 2000; Taylor etal. 2004).
This trendappearsin all �lters, therebyruling out sky-subtractionerrorsare
themajorcause(Fig. 5), andappearssomewhatmorepronouncedfor rounder
galaxiesthan for �atter galaxies. While youngUV/blue-brightstellar popu-
lationsclearly dominatetheir inner morphology, mostlate-typegalaxiesthus
appearto havea signi�cant old haloor (thick) diskpopulation.

Theideaof old PopulationII envelopesin dwarf irregulargalaxieswas�rst
proposedby Baade(1958). Tully etal. (1996)found a signi�cant numberof
nearbydwarf galaxieswith redouterenvelopes,andJansenet al. (2000)found
a similar resultin theNFGSSurvey. Recently, Dalcanton& Bernstein(2002)
suggestedredenvelopesin asampleof late-typeedge-ongalaxies.These�nd-
ings constrainhierarchicalmodelsof galaxyformation(e.g.Katzetal. 1999;
Kauffmannetal. 1999).Dalcanton& Bernstein(2002)favor ascenariowhere
late-typegalaxiesformedin anearlyepochof signi�cant mergers( �

� 6 Gyr ago
or z �

� 1), resultingin redoutercolors,whichthey explainasanold (thick) disk.
Theselate-typegalaxieswould have remainedlargely undisturbedsincez� 1,
andrecentlyundergoneonly morecentrallyconcentratedSF.

Importantrelatedcluesto the natureof late-typescanbe found from the
galaxycountsasafunctionof type,whicharenow availableovertheentire�ux
range15 �

� B �

� 27 mag(Cohenetal. 2003),sothey canbeproperlynormalized
at the bright end. At the faint end(B �

� 24 magor z �

� 1), the type-dependent
countsnot only show the well-known excessof late-typegalaxies,but also
show a signi�cant excessof early–midtypesat z �

� 1. Cohenet al. (2003)ex-
plain this astheCosmologicalConstantitself graduallyturningoff theepoch-
dependentmerger rate,whenit startedto signi�cantly affect theexpansionat
z �

� 1. Today's red outskirtsin late-typegalaxiescould thusbe the smoking
gunof thecosmicaccellerationinducedby p . As a consequence,most(ma-
jor) mergersoccurredearly-onin galaxiesof all typesand luminosities,so
halosand(thick) diskswereformedearly-onandarestill seenassuchtoday.
Disksof giantgalaxiesarestill growing today, becauseof infalling surround-
ing gasandminor mergers,but areotherwiseevolving passively. Late-type
low-luminositysystemsaremostly left with stochasticstar-formationin their
innerpartstoday, which is no longerfedby theirenvironmentin amajorway.

6. Discussionand Conclusions

In summary, ourHSTmid-UV imagingdatabaseshows thatin galaxieswhere
star-formationissuf�ciently pronounced,it candominatethemorphologyfrom
themid-UV thoughtheoptical, resultingin very little changein morphology
from theUV to thered. However, whenstellarpopulationsolderthanabout1
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Gyr producemostof theopticallight, weseechangesin morphologybetween
the optical — wherethesestarstendto producerelatively regular structures
due to the effects of orbital mixing within the galaxies— and the mid-UV
— whereyoungerstarswhoselocationsstill re�ect the distribution of their
birthplaces.An additionalcomplicationis introducedby thepresenceof dust
obscuration.Dustlanesor dustcloudsthatarenearlytransparentin thevisible
canbeopaquein themid-UV, therebychangingtheapparentmorphology. In
summary, thequalitative resultsfrom ourstudyare:

e (1) High-SBearly-typegalaxiesin theoptical show a varietyof morpholo-
gies in the mid-UV that can leadto a differentmorphologicalclassi�cation,
althoughnot necessarilyalwaysaslater–type. Theoftenratherpeculiarmid-
UV morphologyof early-typegalaxiesis generallyquitedifferentthanthatof
thereallate-typegalaxiesasseenin themid-UV.

e (2) About half of themid-typespiralsin theopticalappearaslatermorpho-
logical typesin themid-UV, but not all mid-typespiral galaxiesdo look dra-
maticallydifferentin themid-UV. Their mid-UV imagesshow a considerable
rangein thescaleandSBof individual star-forming regions.A comparisonof
F300Wto F814Wimagesyieldsgoodsensitivity to dustfeatures.

e (3) The majority of the heterogeneoussubsetof late-type,irregular, pecu-
liar and merging galaxiesdisplay mid-UV morphologiesthat are similar to
thoseseenin thered,but with importantdifferencesdueto recognizabledust-
featuresabsorbingthebluer light, anddueto hot stars,star-clusters,andstar-
formation“ridges” that arebright in the mid-UV. Lessthanonethird of the
galaxiesclassi�ed as late-typein the optical appearssuf�ciently different in
themid-UV to resultin adifferentclassi�cation.

OurHSTmid-UV survey of nearbygalaxiesshowsthat— whenobservedin
therest-framemid-UV — early-to mid-typegalaxiesaremorelikely misclas-
si�ed as later typesthanlate-typegalaxiesaremisclassi�edasearliertypes.
This is becauselater typesaredominatedby thesameyoungandhot starsin
all �lters from the mid-UV to the red, and so have a smaller“morphologi-
cal K-correction”thantrueearliertypes.ThemorphologicalK-correctioncan
thusexplain part,but certainlynot all of theexcessfaint bluelate-typegalax-
iesseenin deepHST �elds. Classi�cationof faint galaxiesin the rest-frame
mid-UV will likely result in somefraction of early–midtype galaxiesbeing
misclassi�edaslater-types,likely a largerfractionthanviceversa.

In conclusion,it is unlikely that the morphologicalK-correctioncan ex-
plain all of the faint bluegalaxyexcessasmisclassi�edearlier-type galaxies.
And themorphologicalK-correctioncannotexplain theslightexcessof early–
mid typegalaxiesat faint magnitudes(

7

�

&

�

2 mag)with respectto passively
evolving models,asfoundby Odewahnetal. (1996)andCohenetal. (2003),
sincethe main misclassi�cationerror goesin the oppositedirection,as dis-
cussedabove. Instead,our mid-UV survey seemsto supportthe conclusion
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of Cohenetal. (2003)thatthenumberof faint galaxiesis larger thanthenon-
evolving predictionsfor all galaxytypes, but moresigni�cantly sofor thelater
types.They give a possibleexplanationof this �nding in termsof hierarchical
formationmodels,wheretheCosmologicalConstantitself wasresponsiblefor
graduallyturningoff thestronglyepoch-dependentmerger rateat z �

� 1, since
in WMAP cosmologythe universebecamedominatedby q and startedex-
pandingexponentiallyfor z �

� 0.4.Hence,q mayberesponsiblefor thegradual
transitionfrom thez �

� 1 Universe,wheregalaxyformationandevolution was
drivenby majormergers,to theUniverseat z �

� 0.4,whereat bestminor merg-
ersor infall affectedthemorepassive,secularevolutionof giantgalaxies.
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