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ABSTRACT
We investigate the physical natureof blue coresin early-typegalaxiesthroughthe �rst multi-wavelength

analysisof aserendipitouslydiscovered�eld blue-nucleatedspheroidin thebackgroundof thedeepACS/WFC
griz multicolor observationsof theclusterAbell 1689. Theresolvedg� r, r � i andi � z color mapsreveala
prominentbluecoreidentifying this galaxyasa “typical” casestudy, exhibiting variationsof 0:5� 1:0 magin
color betweenthe centerandthe outerregions,oppositeto the expectationsof reddenedmetallicity induced
gradientsin passively evolved ellipticals. From a Magellan-Clayspectrumwe securethe galaxy redshiftat
z= 0:624. We �nd a strongX-ray sourcecoincidentwith thespheroidgalaxy. Spectralfeaturesanda high X-
ray luminosityindicatethepresenceof anAGN in thegalaxy. However, acomparisonof theX-ray luminosity
to a samplederivedfrom theChandraDeepField SouthdisplaysLX to becomparableto TypeI/QSOgalaxies
while the optical �ux is consistentwith a normalstar-forming galaxy. We concludethat the galaxy's non-
thermalcomponentdominatesat high-energy wavelengthswhile we associatethespheroidbluelight with the
stellarspectrumof normalstar-forminggalaxies.We argueabouta probableassociationbetweenthepresence
of bluecoresin spheroidsandAGN activity.
Subjectheadings:galaxies:elliptical andlenticular, cD — galaxies:active — X-rays:galaxies

1. INTRODUCTION

Early-typegalaxieshave beenthe focal point for probing
one of the main expectationsfrom hierarchicalmodelsof
galaxy formation: the continuousassemblyof galaxieswith
redshift via mergers. Considerableattentionhas beende-
voted to �eld ellipticals at intermediateredshiftswith high-
resolutionmulticolordatathatcanprovidecon�dentmorpho-
logical classi�cation. The HubbleDeepFields (HDFs) and
morerecentlyabundantAdvancedCamerafor Surveys(ACS)
deepimaginghasprovidedsigni�cant advances.Recentstud-
iesusetheevolutionof thefundamentalplanefor �eld ellipti-
cals(Treuetal. 2002;vanDokkum& Ellis 2003)to constrain
their evolution by comparingto clusterellipticals, and their
colors and numberevolution as a function of redshift (e.g.
Bell et al. 2004).

A relatively new approachis the use of color inhomo-
geneitiesexploiting the resolved colors from Hubble Space
Telescope(HST) ellipticals to tracerecentstarformationac-
tivity (Abrahamet al. 1999;Papovich et al. 2003).Thestud-
ies' chief discovery is that ' 30%of HST selectedspheroids
haveinternalcolorvariations,thatdepartfrom theexpectation
for passively evolvedellipticals(Menanteau,Abraham,& El-
lis 2001a;Menanteauet al. 2004). Moreover, in mostcases
the color variationsmanifestthemselvesvia the presenceof
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blue cores,an effect of oppositesign to that expectedfrom
metallicity gradientson passively evolved ellipticals. Until
now, bluecoresin ellipticalshavebeensolelyassociatedwith
starformationattributedto differencesin local potentialwell
which makesstar-formationmoreef�cient in the centralre-
gion of the galaxy (Menanteauet al. 2001b;Friaça & Ter-
levich 2001). However, the physical natureof theseobjects
hasbeenelusiveasthey havebeenonly detectedin extremely
deepHST observations(e.g. the HDFs) and deepspectro-
scopicobservationshavebeenratherlimited (i.e.vanDokkum
& Ellis 2003)dueto thelong integrationtimesrequiredto ac-
quirehigh-signalspectrumof faintellipticals.

In this Letter, we investigatethephysicalorigin of theblue
coresin spheroidsthroughthediscovery of a blue-nucleated
spheroidgalaxyassociatedwith astrongx-raysource.Weuse
a combinationof, deepground-basedspectrum,HST/ACS
deepmuticolorobservationsandarchival ChandraX-ray ob-
servationsto exploretheprobablelink betweenAGN activity
andthe manifestationof blue centrallight in spheroids.We
adopta �at cosmologywith h = 0:7, Wm = 0:3 andWL = 0:7
throughout.

2. MULTI-WAVELENGTH OBSERVATIONS

2.1. Optical Imagingof Abell 1689

The ACS observationsof Abell 1689 were taken in June
2002 as part of the ACS GuaranteedTime Observations
(GTO) scienceprogram. They consistof deepexposuresof
4, 4, 3 and7 orbits in the F475W(g), F625W(r), F775W(i)
andF850LP(z) bands,respectively. Theimageswerealigned,
cosmic-rayrejectedanddrizzled togetherinto a singlegeo-
metrically correctedimageusingAPSIS(ACS PipelineSci-
enceInvestigation Software; Blakesleeet al. 2003)at Johns
HopkinsUniversity, leadingto totalexposuresof 9500,9500,
11800and16600secin g, r, i andz, respectively, anda �-
nal pixel scaleof 0:0005 pixel� 1. We refer to Broadhurstet al.
(2004)for a moredetailedaccountof the ACS observations
andphotometry. Initial objectdetection,extraction,and in-
tegratedphotometryweretakenfrom theoutputAPSISSEx-
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tractorcatalogsusingtheACSphotometriccalibrationin AB
magnitudes.Ancillary ground-basedimagingin the U band
and near-infrared J, H, K bandsmatchingthe ACS-de�ned
aperturesweretakenfrom theAbell 1689catalogof Coeetal.
(in preparation),which includepoint spreadfunction (PSF)
correctedground-basedmagnitudes.

2.2. DeepLDSS2MagellanSpectrum

Thespectroscopicinformationis basedon thedeepmulti-
objectobservationstakenwith theLasCampanasObservatory
Magellan-Clay6.5mtelescopeon May 26, 27 and28, 2003.
We usedthe low-dispersionsurvey spectrograph2 (LDSS2)
aspart of a spectroscopicsurvey of Abell 1689(Frye et al.
2004). Targetsfor the programwereselectedfollowing two
criteria: 1) acquiringredshiftsfor themultiply-lensedgalax-
ies discoveredby Broadhurstet al. (2004), and 2) securing
spectrafor high redshiftbackgroundgalaxies.We werepar-
ticularly carefulto includein all our LDDS2 maskstheonly
spheroidgalaxy with a blue core in the ACS �eld of Abell
1689.

We usedour own IDL reductionsoftwareto handlea large
numberof spectraef�ciently . Optimizing for background-
limited data, our aim was to maximize the signal-to-noise
ratio without resamplingthe data, so that groupsof pixels
carrying faint continuumsignal have every chanceof be-
ing detectedasa coherentpatternin the �nal reducedimage
(seeFrye et al. 2002 for details). The �nal co-added,�ux-
calibratedspectrumof the galaxy totaled10h througha 1:000
slit in a seeingof 0:006 � 0:008 using the Med/Blue grism at
300 lines/mm. Its wavelengthdispersionis 5 	A pixel� 1, de-
terminedfrom unblendedsky lines,andits spectralcoverage,
' 4000� 8500 	A.

2.3. Chandra X-rayObservations

We investigatedtheAGN natureof our bluecorespheroid
from X-ray archival data. We usedthe Abell 1689observa-
tions from the ChandraX-ray Observatory using ACIS-I in
FAINT modein two exposuresof about10.7ks and10.3ks
for a total of 21 ks after datareductionwith the CIAO soft-
ware.Wesmoothedout theX-ray imageof pixel size0:98400,
with a1:5s Gaussian�lter andsuperimposedits �ux contours
over the ACS image. From Fig. 1 we seetwo main X-ray
sourceswithin theACScoverageof Abell 1689,thestrongest
comingfrom thecentralcD galaxyin Abell 1689(Xue& Wu
2002)andon the upperright of the ACS imagea strongX-
ray sourcewhich we positively associatewith the blue core
spheroidin ourstudy.

We also consideredthe possibility of radio sourcesbe-
ing associatedwith the object. Basedon radio wavelength
archival datafrom theVLA FIRSTradiosurvey (White et al.
1997),wefoundnoradiocounterpartassociatedwith theblue
coregalaxyat the�ux limits of thesurvey (0.97mJy/beam).

3. ANALYSIS

To searchfor color variationsin spheroids,we examine
galaxiesin the ACS �eld of Abell 1689via the construction
of g� r, r � i, andi � z color mapsfor all 742galaxieswith
i775w < 24:5. Although the effective areafor this searchis
ratherlimited dueto thepresenceof theclusteritself andthe
gravitational lensmagni�cation,we successfullylocatedone
backgroundspheroidalin oneof thecornersof theACS�eld-
of-view with a strongcentralbluespotsimilarly to thosere-
portedpreviously (seeupperpanelFig. 2). This is the only

spheroidwith a blue core in the �eld, including all the ob-
jectsassociatedwith thecluster. To studythecolor mapsand
galaxypro�les, we �rst removed thedependenceof thePSF
structureonwavelengthby deconvolving thegalaxyimagein
eachbandpasswith anappropriatePSFusingthe IRAF lucy
taskwith �ux conservation.ThePSFswerederivedfrom sev-
eral observationsof a well-exposedstar in ACS calibration
programs.The restoredimageswerethenconvolved identi-
cally with the F625WPSF, thusremoving any color depen-
dencedueto the PSFshape.We usedthis imagesto create
thegalaxyresolvedcolormaps.Theseshow aprominentblue
corewith color differencesof ' 1:0 magin g� r, ' 0:8 mag
in r � i and' 0:9 in i � z.

We veri�ed if thegalaxypossessesanunresolvednucleus,
a commonsignatureof nuclearactivity, by comparingits nu-
clearpro�le in each�lter with that of an observed PSF. The
galaxy radial pro�les wereextractedwith the IRAF radprof
taskwith “background”subtractionde�ned in an annulusof
radius6 pixels (0:003) and width 2 pixels, locatedinside the
hostgalaxy. The resultinggalacticpro�les were thencom-
paredwith thoseof thePSFstar. A positivepointsourceiden-
ti�cation wasascertainedin all four �lters out to a radiusof
5 pixels (0:0025) . The matchof the galaxy's nuclearpro�le
with the PSFis bestin F475W�lter , wherethe hostgalaxy
contaminationis the least. The F625W pro�les exhibit the
largestdeviationpossiblyfrom contaminationby [O II] l 3727
line emission(seeFig. 2).

Thespectrum(Fig. 2) shows prominentemissionlinesthat
indicatethe presenceof an active nucleusand also suggest
star formation activity. The galaxy containsthe distinctive
Mg II, Hb and[O III] l l 4959,5007nebular linesassociated
with AGNs.However, thesignalis nothighenoughto seethe
broad-linecomponentfor theMg II andHb permittedlines,
and Ha lies outsidethe observed spectralrange. The con-
tinuumdoesnot follow a purepower-law, but ratherincludes
someabsorptionfeaturessuchasMgb.

Additional informationcon�rming the presenceof an ac-
tive nucleuscomesfrom theX-ray observations.Thegalaxy
is detectedasapointsourcein theX-ray with averyhighsig-
nal andwith a total of ' 130 net countsin the 0.3–10keV
band, extractedfrom a circular region of 800. From a dif-
ferenceof almost 9 monthsbetweenthe two Chandraob-
servations,the sourceseemsto be variablewith a luminos-
ity decreaseof � 30% at a 2 sigma c.l. in the soft band
(0:5 � 2 keV). However, we do not detectany variability in
thehardband.This is expected,sincevariability is routinely
found in X-ray sourcesin Chandrasurveys (Paolillo et al.
2004).To correctfor possiblecontaminationfrom thediffuse
emissionfrom the cluster, which is very strongin the posi-
tion of the galaxy image,we experimentedextracting three
differentbackgroundsaroundthegalaxyanddeterminedthat
thebackgroundis not affectingour resultssigni�cantly. Due
to the low numberof net detectedcounts,we usedthe Cash
(1979)statisticsto �t thespectrumof thegalaxywith XSPEC
(V11.3)theenergy range0:6� 8 keV, to avoid calibrationun-
certaintiesatenergieslowerthan0.6keV. Ourmodelis asim-
ple power-law plusa Galacticabsorptionandanintrinsic ab-
sorption. We �nd a spectralslopeof G= 1:5 � 0:2 and an
upperlimit to the intrinsic absorptionof 2� 1021 cm� 2. The
redshiftis frozento z= 0:624andtheGalacticabsorptionto
NH = 1:82� 1020 cm� 2. The luminosity in the rest-frame
0:5� 2 keV and0:5� 10 keV bandis LX = 2:95� 1043 erg
s� 1 andLX = 1:04� 1044 erg s� 1 respectively (seeTable1).
Both theabsenceof signi�cant absorptionandthehigh lumi-
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FIG. 1.Ð TheACS/WFCimagingof Abell 1689(z= 0:18)with thesuperimposedChandra0:5� 7 keV X-ray contourmaps,consistingof 20contoursbetween
� 0:1� 14countsperpixel displayedwith a sqrtscale.Theinsetpanelshows anenlargementof thebackgroundspheroidat z= 0:624,thestrongest®eld X-ray
sourcein theACS®eld besidestheclusteritself.

TABLE 1
MULTIWAVELENGTH INFORMATION

(J2000) AB magnitude EW( ÊA) L (erg s� 1)
RA DEC U F475W F625W F775W F850LP J H K [O II] [O III] Hb LX(0:5� 2 keV) LX(0:5� 10 keV)

13:11:37.69 -01:19:49.8 21.60 22.07 21.92 21.39 21.27 20.69 20.44 20.04 23.5 70.7 9.68 2.95� 1043 1.04� 1044

nositypoint towardsaTypeI AGN.
We alsonoticea residualaround4 keV, which is the ob-

servingframeenergy expectedfor apossibleFeline complex
at therest–frameenergy of � 6:4 keV. Therefore,werepeated
the�ts by addinga simpleGaussianline andleaving freethe
energy, thewidth andnormalizationof theline. Weobtainthe
best�t values:El ine = 3:93� 0:08 keV, andequivalentwidth
EW= 0:9� 0:5 keV. In addition,thebest�t slopeof thepower
law is G= 1:65� 0:25,while theupperlimits on theintrinsic

absorptionaresomewhatlargerbut consistentwith thevalues
obtainedwithout the line. The decreasein C–statisticswith
respectto themodelwithout the line is DC � 5:9. Consider-
ing thatweaddedthreefreeparametersde�ning theline, such
a decrementcorrespondto a signi�cancelevel of about90%.
However, sincethebest–�t energy of the line is whatwe ex-
pectedfor theredshifted6.4 keV K–shell transitionfrom Fe,
thesigni�canceof thedetectedline is morethan2 sigma.We
concludethatwe possiblydetecteda Feline originatedin the
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FIG. 2.Ð Upperpanel:thei-bandsurfacebrightnessandtheg� r, r � i andi � z color mapsfor thebluecorespheroidfrom theACSimaging.The®gureis
colorcodedto its realcolor in AB magnitudes.Lowerpanel:theLDSS2observedspectrumfor thegalaxyatz= 0:624is shown asasolidline. Thecorresponding
ACS®lter bandpassesareshown in arbitraryunitsasdottedlines.Prominentspectrallinesarelabeled.

nuclearregion, an occurrenceto be veri�ed with further ob-
servationsalreadyscheduledfor A1689(publicreleaseMarch
2005).

4. DISCUSSION

We examinethe relationshipbetweenthe X-ray andopti-
cal luminositiesof thegalaxyandits connectionwith galaxy
types. We comparethe galaxy LX(0:2� 10) keV luminosity
andK-bandabsoluteAB magnitudewith the galaxiesin the
Szokoly etal. (2004)ChandraDeepFieldSouth(CDF-S)cat-
alogof X-ray sources.TheK absolutemagnitudeis computed
usingthek-correctionderivedfrom theTypeI spectralenergy
distribution(SED)of theChatzichristou(privatecommunica-
tion) library of SEDs.In Fig. 3 (upperpanel),wecompareLX
andK for thegalaxy(solid star)andtheCDF-Ssample.It is
interestingto notethat thegalaxyhasanX-ray luminosity in
thesamerangeaslow luminosityQSOs(squares)andTypeI
AGNs (�lled circles). However, the galaxy's K �ux is more
similarto thatof TypeII AGNs(opencircles)ornormalgalax-
ies (triangles). This suggeststhat the galaxy's non-thermal
componentis verystronganddominantfor high-energywave-
lengthswhile thereis a star-forming stellar componentthat
contributesmostof thelight atopticalwavelengths.

We alsoinvestigatetherelationbetweentheline �ux ratios
[O II] l 3727=Hb and[O III] l 5007=Hb. Thisdiagnosticdia-
gramhasbeenusedfor thespectralclassi�cationof emission-
line galaxies(seeTresseet al. 1996). In Fig. 3 (lower panel),
wecomparetheline �ux esbetweenthespheroidgalaxy(solid
star) and the values for different galaxy types taken from
thespectrophotometriccatalogof galaxiesof Terlevich et al.
(1991). We �nd that the galaxy has[O II] l 3727=Hb val-

uesin thesamerangeasTypeII AGNsandHII galaxiesand
thatits [O III] l 5007=Hb �ux is moresimilar to HII andnor-
mal galaxies. Moreover, the typical [O III] l 5007=Hb and
[O II] l 3727=Hb valuesof Type I AGNs (solid circles)are
signi�cantly lower than the valuesof the galaxy. We con-
siderthisasfurtherevidencefor thedualnatureof thegalaxy.
Although the spectrumshows AGN signaturessuchasMgII
and [O III] l l 4959,5007,the strengthof the [O II] l 3727
line suggestthe presenceof ongoingstellar formation pro-
cesses.If we associatethe[O II] l 3727�ux to stellaractivity
we canmake a roughestimateof the galaxy star formation
rate(SFR)basedon its [O II] l 3727luminosity, L[O II ], us-
ing the prescriptionof Kennicutt(1998). Whereasthe rates
derived from [O II] l 3727 are lessprecisethan thosefrom
Ha dueto uncertaintiesin the assumedHa extinction, it is
still possibleto obtain a reasonableestimatefor the galaxy
SFR.WecomputeL[O II ] = 2:79� 1041 ergss� 1 whichyields
a SFR = 3:90� 1:12 M � yr� 1. This representsa modest
rate, lower than in massive starburst galaxies(Ranalli et al.
2003; Gilfanov et al. 2004). However it is consistentwith
normaldisk galaxiesandSFRcomputedfor spheroidswith
similar bluecores,basedpurelyon models(Menanteauet al.
2001a,b).

The LX(0:5� 2 keV) hasbeenemployed as a SFR indicator
(seeRanalli et al. 2003;Cohen2003),becauseof its link to
X-ray binaries,(Persicet al. 2004), young supernova rem-
nantsandgalacticwindsassociatedto star-forming galaxies.
Additionally Gilfanov et al. (2004)have derived the relation
betweenLX(0:2� 10 keV)andSFR,consistentwith Ranalliet al.
(2003)exceptfor low SFR(Grimmetal.2003).Couldtheob-
servedspheroidLX besolelyassociatedwith starformation?
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FIG. 3.Ð Top panel:theX-ray to opticalluminosityfor theChandraDeep
Field Southspectroscopiccatalogfrom Szokoly et al. (2004) comparedto
thespheroidgalaxy. Theerrorbarsfor thegalaxyhave beenshiftedto avoid
overlappingwith thesymbol.Bottompanel:the[O II] l 3727to [O III] l 5007
relativeto Hb ¯ux from thespectro-photometriccatalogfrom Terlevich etal.
(1991)comparedto thevaluesextractedfor thespheroid.In bothpanelsthe
redstarrepresentsthebluecorespheroid;®lled andopencirclesshow TypeI
and Type II AGNs respectively, squaresrepresentQSO galaxiesand open
trianglesnormalandHII galaxies.

It is hardto ruleout thatafractionof it is notrelated,however
the2–10keV hardbandluminosityLX= 7:5� 1043 erg s� 1,
would suggestan extremely high SFR (> 104 M � yr� 1) in
contradictionwith the optical data suggestive of low star-
formationactivity. Thereis alsoa tight correlationbetween
L(1:4 Ghz) radio luminosity and LX for starburst galaxies
(Cohen2003). However, we reportno signal for the galaxy
at radiowavelengths(i.e. x 2).

5. CONCLUSION

Basedon the galaxy's spectralfeaturesand its X-ray lu-
minosity, we have determinedthepresenceof anactive non-
thermalcomponentin the blue spheroidgalaxy identi�ed in
thebackground�eld of Abell 1689.StarformationandAGNs
have beensuggestedto becloselyinter-connected(Levenson
et al. 2001). However, they have beenrelatedmostly with
Seyfert 2 galaxieswhichareheavily absorbedin theirhardX-
rayemission—notthecasefor thisgalaxy. Moreover, thefact
thatweobservesuchaprominentbluecorein theACSimages
suggeststhat the central region is not particularly affected
by dustobscuration,nor that it containsa dustyenshrouded
starburst. On the otherhandmostpresent-daygalaxieshar-
bor supermassive blackholes,which mayhave an important
role in theformationof ellipticalsandbulges(Merritt & Fer-
rarese2001). It is tantalizingto relatethegalaxycentralblue
light with therapidmassinfall into acentralblackholewhich
might trigger star formation, and the subsequentfueling of
gas into the AGN which might be the phenomenonwe are
observing.

The advent of wide areaswith deep publicly available
HST/ACS multicolor imaging and ChandraX-ray observa-
tionswill makeit possibleto examinewhethertheassociation
betweenAGNsandbluecorespheroidsis a commonfeature
or justarareoccurrence.If they proveto beaconstantfeature
in blue core spheroids,thesemight representa new galaxy
subclassandmay provide evidencefor a moredelayedfor-
mationscenariofor early-typegalaxies.

We thank Ann Hornschemeierfor useful conversations
on the subject. ACS was developed under NASA con-
tractNAS 5-32865,andthis researchis supportedby NASA
grant NAG5-7697. LI and GG acknowledgesupportfrom
FONDAP ”Centerfor Astrophysics”.
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