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ABSTRACT

We presentananalysisof the101ks,2007Suzakuspectrumof theLINER galaxy
NGC 1052.The0:5� 10keV continuumis well-modeledby a power-law continuum
modi�ed by Galacticandintrinsic absorption,andit exhibits a soft, thermalemission
componentbelow 1keV. Both a narrow core and a broadercomponentof Fe Ka
emissioncenteredat 6:4keV arerobustly detected.While the narrow line is consis-
tent with an origin in materialdistantfrom the black hole, the broadline is best�t
empirically by a model that describes�uorescentemissionfrom the inner accretion
disk arounda rapidly rotatingblackhole. We �nd no evidencein this observationfor
Comptonizedre�ection of thehardX-ray sourceby thedisk above 10keV, however,
which castsdoubton the hypothesisthat the broadiron line originatesin the inner
regionsof a standardaccretiondisk. We exploreotherpossiblescenariosfor produc-
ing this spectralfeatureandconcludethatthehigh equivalentwidth (EW � 185keV)
andfull-width-half-maximumvelocity of the broadiron line (v � 0:37c) necessitate
anorigin within d � 8rg of thehardX-ray source.Basedonthecon�rmedpresenceof
astrongradiojet in thisgalaxynucleus,thebroadiron line maybeproducedin dense
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plasmanearthebaseof thejet, implying thatemissionmechanismsin thecentralmost
portionsof activegalacticnucleiaremorecomplex thanpreviously thought.

Subjectheadings: galaxies:individual – accretion,accretiondisks – black holes–
galaxies:nuclei– X-rays:spectra

1. Intr oduction

Sincetheir �rst identi�cation asaninterestingclassat opticalwavelengths(Heckman1980),
the natureof Low IonizationNuclearEmissionRegions(LINERs) hasremainedelusive. Many
suchregions are associatedwith active galacticnuclei (AGN), thoughtheir X-ray luminosities
arehighly sub-Eddingtonandsigni�cantly below thoseof their Seyfert galaxycounterparts.The
reasonfor this modestnuclearenergy output remainsunknown: possibilitiesincludeheavy ab-
sorptionof the nuclearemission,comparablyinef�cient radiationof the accretion�o w, or some
combinationof both.

Thenotionof anadvection-dominatedaccretion�o w (ADAF) mayapplyin LINERs,wherein
theions losethermalcontactwith theelectronsandonly a small fractionof thedissipatedenergy
is radiated(Reeset al. 1982;Narayan& Yi 1994). Much controversyremainsasto whetherthis
pictureis correct,however, andthedebatehasbecomemorepointedsincethereportby Ho et al.
(1997)thatsome20� 30%of all galaxiesaremembersof theLINER class.

X-ray spectroscopy canhelp in determiningwhethertheaccretiondisk is in anADAF state
or not. A LINER galaxyharboringanAGN producesacharacteristichardX-ray continuum.If the
accretion�o w closeto theblackholeconformsto theconventionalthin diskarchetype(Shakura&
Syunyaev 1973),thecoolgasorbiting in theinnerdiskshouldinterceptandreprocessasigni�cant
fractionof thecontinuum,alsoproducingtheFeKa line (amongmany �uorescentemissionlines
from otherspeciesaswell). Thisspectralfeatureshouldhaveabroadened,skewedpro�le created
by therelativisticpropertiesof thespacetimecloseto theblackhole,andasigni�cant Comptonized
re�ection componentshouldbe seenin the continuumabove 10keV as well. If, however, the
accretion�o w in this region takesthe form of an ADAF, the ion temperatureis so high that the
iron ions shouldbe totally strippedof electrons. Furthermore,the trappedenergy will puff up
the disk, reducingits densityand optical depth. Both of theseconditionsrenderthe re�ected
emission,includingtheemissionof FeKa, virtually non-existentin this region. In this case,only
contributionsto theFeKa line from otherlocations(e.g.,from a disk wind, theouterdisk,broad
line regionor putativemoleculartorus)will manifest,andthelinemaylikelyhaveamuchnarrower
pro�le asa result.

The LINER galaxyNGC 1052is an interestingcasein which to studythe dynamicsof the
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accretion�o w. TheAGN is housedby anearbyelliptical hostgalaxywith a redshiftof z= 0:0049
(Knappet al. 1978),implying a distanceof 20:7Mpc usingWMAP cosmology. Thesourcehasa
well-studiedLINER optical spectrum(e.g.,Gabelet al. (2000)),andis alsoreasonablybright in
theX-ray bandfor a LINER, with anaverage2� 10keV �ux of F2� 10 � 5� 10� 12 ergcm� 2 s� 1 .
Using the M � s relationof Tremaineet al. (2002)andthe stellarvelocity dispersionof Nelson
& Whittle (1995),Woo & Urry (2002)derived a black hole massof MBH = 1:54� 108 M � for
NGC1052,andabolometricluminosityof Lbol = 6:92� 1043ergs� 1 using�ux integrationoverits
spectralenergy distribution. Combiningtheseresultswith thederivedEddingtonluminosityyields
anestimatedaccretionef�ciency for theblackholein NGC1052of h � 0:004,in Eddingtonunits.
This is consistentwith generalresultsfrom LINERs. Thesourceis known to beheavily absorbed
basedon the presenceof H2O megamasersin its core (Braatzet al. 1994),which lie alongthe
directionof a radio jet alsopresentin the galaxy(Claussenet al. 1998). RecentVLBI studies
haveconstrainedthejet inclinationangleto lie between57� 72� to our line of sight(Kadleretal.
2004b),implying that the jet emissionis de-beamed,andsuggestingthat the bulk of the X-ray
emissionis notproducedby thejet.

The observed X-ray spectrumof NGC 1052 is quite �at (for the power-law componentof
theemissionG� 0:2� 1:7, dependingon thedataandmodelsused)andappearsto bedominated
at lower energiesby thermaland/orphotoionizedemission(Weaver et al. 1999;Guainazziet al.
2000;Kadleretal. 2004a).Thesourceof this soft emissionis likely theinteractionof thejet with
thesurroundingISM (Kadleret al. 2004a),while thepower-law componentat harderenergiesis
thoughtto originatefrom nuclearemission.RadiocontinuumandRXTEmonitoringbothshow that
thesourcevariesstronglyon time scalesof weeksto months.The2� 10keV �ux, in particular,
variesbetween� 4� 9� 10� 12 ergcm� 2 s� 1 , andthoughtherearelargeuncertaintiesin theRXTE
data, the spectrumappearsto switch from softer to harderstates,correspondingto changesin
overall source�ux (Kadleretal., in prep.).

A prominentFeKa line hasbeenpreviously observedin thesourceby ASCA(Weaver et al.
1999),BeppoSAX(Guainazziet al. 2000),XMM-Newton (Kadler et al., in prep.),andChandra
(Kadler et al. 2004b;Roset al. 2007). Of theseobservations,a broadenedcomponentto the Fe
Ka line wasseenwith BeppoSAXandXMM-Newton. Giventhe low accretionrateof NGC 1052
— a scenariowhich haslong beenthoughtto produceADAFs,e.g.,Narayan& Yi (1994)— it is
naturalto speculateontheorigin of thebroadiron line. Thespectralstateof NGC1052is in many
waysanalogousto the low/hardstateobservedin X-ray binaries(XRBs). Contraryto theADAF
paradigm,Miller etal. (2006)reportedthatXMM-Newtonobservationsof therelativistically broad
FeKa line in the low/hardstateof XRB GX 339–4showeda standardthin disk remainingat or
nearto the innermoststablecircularorbit (ISCO),at leastin bright phasesof the low/hardstate.
Theauthorsthereforearguedthatpotentiallinks betweenthe innerdisk radiusandtheonsetof a
steadycompactjet, andtheparadigmof a radially recesseddisk in thelow/hardstate,do not hold
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universally. Note,however, thatGierliński et al. (2008)cautionedagainstusingonly theshapeof
theFeKa line todeterminetheradiusof theISCO,suggestingthattheseresultscanbesigni�cantly
underestimatedunlessirradiation from the energetically dominanthot plasma(alongwith other
spectraleffects)is takeninto account.If thebroadiron line in NGC 1052doesoriginatefrom the
accretiondisk,however, thenthisspectralfeature,coupledwith detailedVLBI observationsof the
inner jet (Kadleret al. 2004a,b),mayoffer a uniqueopportunityto studytheconnectionbetween
theaccretion�o w andjet productionin AGN.

A link betweenaccretionandjet activity in AGN hasbeennotedin theradiogalaxies3C120
(Kataokaet al. 2007;Marscher2006;Marscheret al. 2002)and3C 111(Marscher2006). While
Marscheretal.havenoteddipsin theX-ray light curvesof thesesourcescorrelatedwith ejections
of superluminalknotsin theradiojet, suggestingthataportionof theinnerdisk is disturbedduring
an ejectionevent, theseresultsfall shortof mappingout the physicalstructureof the disk at the
time. However, Kataokaet al.observed a broadFe Ka line in 3C 120 with Suzakuin both the
high andlow �ux statesof the source.This discovery demonstratestheviability of studyingthe
accretion�o w andthejet activity of radio-loudAGN simultaneously, andwill hopefullypave the
way for new insightsinto thefundamentallink betweenthesetwo processes.

Herewe discusstheanalysisof our 2007Suzakuobservationof NGC 1052,which offersthe
highestqualityX-ray spectrumof thisgalaxyto dateandgivesusanunprecedented,simultaneous
view of the0:5� 35keV energy range.NGC 1052is oneof a smallhandfulof AGN suf�ciently
bright in both theX-ray andradiobandsfor testsof a jet/diskconnection.Additionally, it is the
only sourcefor which we will have a full packageof multi-epochX-ray spectraldata,X-ray and
radio light curves,andVLBA imagingwithin a commontime window andwith ananalysisby a
singlecollaborativegroup.A forthcomingpaperwill providefull detailsof thisongoingcampaign,
placingour Suzakuresultsin thecontext of prior X-ray andongoingradioanalysisof this source
(Kadleretal., in prep.).

OurSuzakuobservationof NGC1052andthedatareductionwill bedetailedin Section2. We
discussvariability over thecourseof theobservationin §3. Our approachto thespectral�tting of
the time-averageddataandtheresultsof this analysisfor both theXIS andtheHXD/PIN instru-
mentsarepresentedin §4. We examinetheFeKa region at lengthin §4 aswell. A comparison
with resultsfrom previousepochsappearin §5, andwe discussour resultsin context in §6. Our
conclusionscomprise§7.
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2. Observations and Data Reduction

We observed NGC 1052 for a total of � 101ks from 16-18July 2007with Suzakuin the
HXD nominalpointingposition. Reductionof theSuzakudatafollowedtheproceduresoutlined
in §4.7 and§4.8 of the SuzakuABC Guide, availableonline1. Calibration�les usedwere the
latestversionasof thetime of this writing (January2009).This calibrationwasincorporatedinto
theX-ray ImagingSpectrometer(XIS) datareductionusingthexispi taskon theun�ltered data.
Oncecleaned,theevent �les for theXIS 0, XIS 1 (XIS 2 becamedefunctasof Nov. 2006)and
XIS 3 detectorswereloadedinto XSELECT for reprocessing.Imageswereextractedthatenabled
identi�cation of sourceandbackgroundregions.As pertherecommendationsin theABC Guide,
weemployedacircularsourceregion� 25000in radius,andmaximizedourbackgroundregionarea
while avoiding thecalibrationsourcesat thecornersof eachdetectorchip. After spatial�ltering
wasapplied,spectraandlight curveswereextractedfor eachof the operationalthreedetectors.
Responsematricesandancillary response�les weregeneratedusingthe xisresp task,andthe
spectra,backgroundsandresponsesfor the front-illuminatedchips(XIS 0 andXIS 3) wereco-
addedto increasethesignal-to-noiseusingaddascaspec . Thespectra,backgroundsandresponses
werethenrebinnedby a factorof eight (to 512channels)usingthe rbnpha andrbnrmf tasksto
speedspectral�tting. Finally, thespectra,backgroundsandresponsesweregroupedtogetherusing
thegrppha task. Only spectralchannelswith with a minimumof 20 cts/binwereusedfor �tting
in orderto ensurethevalidity of thechi-squaredstatistic.Thiscorrespondedto anenergy rangeof
0:7� 9keV for theXIS 0+3 data(32113total counts)and0:5� 7keV for theXIS 1 data(16146
total counts).

Suzakudid observeNGC1052with thesilicondiodePIN instrumentof theHardX-ray Detec-
tor (HXD), but theGSOcrystalscintillatorinstrumentdid nothaveenoughcountsto provideuseful
data.ThePIN datawerereducedusingthe“tuned” calibration�les for thenon-X-raybackground
(NXB) andtheresponse�les thathadbeengeneratedfor theperiodsurroundingtheobservation.
These�les weredownloadedfrom the SuzakuGuestObserver Facility (GOF) for use. We �rst
neededto ensurethat only the portion of the NXB coincidentwith our observation wasusedin
processing,sowemergedthegood-timeinterval (GTI) of theNXB with thatof ourscreenedevent
�le to yield a commonGTI usingmgtime . With XSELECT, we then�ltered the dataandback-
groundusingthiscommonGTI andextractedourspectraandlight curvesfor thesourceandNXB.
We correctedfor deadtime in theobservationusingthe hxddtcor task,andincreasedthe expo-
suretime of theNXB databy a factorof tento compensatefor the in�ated eventrate,which had
beensimilarly multiplied in aneffort to suppressPoissonnoise.As for theXIS data,only spectral
channelswith with a minimumof 20 cts/binwereusedfor �tting, which limited our energy range

1http://heasarc/docs/suzaku/analysis/abc/node1.html
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to 12� 35keV. After reductionand�ltering, thePIN spectrumhad35705total countsover this
energy range.

The cosmicX-ray background(CXB) hasnot beentaken into accountin PIN observations,
so to model it appropriately, we simulatedthe CXB spectrumin XSPEC (Arnaud1996)usinga
power-law modelof G= 1:29with ahighenergy cutoff andfoldE= 40keV (initial parametersare
givenin theABC Guide).Wethenfoldedthismodelthroughtheresponse�le for thePIN �at �eld
for an exposuretime of 106 s to generatethe simulatedCXB data. This spectrumwasthenread
backinto XSPEC with thePIN responsefor ourobservationandtheoriginalmodelwasre�tted over
12� 35keV to yield theactualparametersof theCXB duringthis time. In ourcase,thesimulated
CXB spectrumcontributeda countrateof � 2:28� 0:02� 10� 2 ctss� 1 (� 5%) to thetotal X-ray
backgroundfrom 12� 35keV. In modelingthePIN datawith XSPEC, weappliedthebest-�t CXB
parametersasa constantwith each�t. TheCXB followeda power-law form with a high-energy
cutoff: G= 1:30� 0:19,Kpo = 8:13� 3:07� 10� 4 phcm� 2 s� 1 , foldE = 40:53� 15:93keV. The
PIN instrumentdetectedthe sourceabove the (NXB+CXB) backgroundat a > 10s level in our
observation.

3. Timing Analysisand Variability

No signi�cant changeswere seenin the count ratesof any of the XIS instrumentsor the
PIN instrumentover the courseof the observation. Fig. 1 depictsthe light curves from XIS 0,
XIS 1 and XIS 3, as well as the combinedXIS light curve vs. that of the PIN. While small
variationsin countrate(over � 104 s timescales)wereseenin bothdatasets,neithervariedmore
than a factor of two from its baseline�ux throughoutthe observation. This �ux was roughly
0:07ctss� 1 for thePIN and0:38ctss� 1 for thecombinedXIS data(0:16for XIS 0, 0:14for XIS 3
and0:21 for XIS 1). Fitting thecombinedXIS light curve to a constantmodelresultedin c2=n =
227=236(0:96) (wheren denotesthenumberof degreesof freedomof themodel: n = # detector
channels- # freemodelparameters),andanuncertaintyof < 0:01ctss� 1 on the0:38ctss� 1 count
rate. The PIN light curve �t to a constantwasnot asgooda �t at c2=n = 351=245(1:43), with
the uncertaintyin its 0:07ctss� 1 countrateat < 0:005ctss� 1. We alsocomputedthe hardness
ratio vs. time for thecombinedXIS data,which is consistentwith unity asonemight expectfor a
sourcewithout signi�cant variability over thecourseof theobservation: HR= 1:02� 0:02, with
c2=n = 101=71(1:42). Examiningthehardnessratiovs. softbandcountrate,wenoteasigni�cant
anti-correlationbetweenthe two: NGC 1052becomesharderasthe source�ux decreases.This
variationis best�t with a linearmodel:HR= m(�ux ) + b, whereHR denotesthehardnessratio,
“�ux” is the soft bandcount rate,m is a multiplicative term andb is a constantterm. For the
combinedXIS data,m= � 8:35� 2:31 andb = 1:92� 0:25,with c2=n = 66=71(0:93). We have
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plottedthehardnessratiovs. timeandvs. soft countratein Fig. 2.

This hardeningof thesourcewith decreasedcountratedemonstratesin a model-independent
waythatthespectralvariability of of NGC1052in X-raysis consistentwith thebehavior observed
in otherSeyfert or Seyfert-likeAGN (e.g.,Papadakisetal. (2002);Markowitz & Edelson(2004)),
andcontrastswith the behavior observed in jet-dominatedAGN (e.g.,Zhanget al. (2006)). In
otherwords,theanti-correlationof thehardnessratio with thesource�ux con�rms that thebulk
of theX-ray emissionin NGC 1052is not producedby thejet. We haveplottedthehardnessratio
vs. timeandvs. soft countratein Fig. 2.

The overall 2 � 10keV source�ux did not vary signi�cantly, averagingto F2� 10 = 5:37�
10� 12ergcm� 2 s� 1 (absorbed).This wassplit betweenthecontinuumandtheFeK lines,where
the continuum�ux averagedFcont = 4:86� 10� 12ergcm� 2 s� 1 andthat of the combinedbroad
andnarrow FeKa linesaveragedFFe = 5:10� 10� 13ergcm� 2 s� 1 . Theaverageunabsorbed2�
10keV �ux at the distanceof NGC 1052,F2� 10 = 8:96� 10� 12ergcm� 2 s� 1 , works out to an
intrinsic luminosityof L2� 10 = 4:60� 1041ergs� 1 usingcosmologicalparametersconsistentwith
the WMAP5 LCDM-modelresults,within errors: H0 = 70kms� 1 Mpc� 1 , q0 = 0:00 andL 0 =
0:73. Theseresults,andthemodelsusedto derive them,arepresentedin moredetail in §4.

4. SpectralAnalysis

We beganour analysisof the 2007Suzakuspectrumof NGC 1052by examining the data
from theoperationalXIS detectors.We usethegoodsignal-to-noise0:5� 9:0keV datato extract
informationabouttheunderlyingcontinuum,any softexcessemission,theFeK line complex and
any intrinsic absorptionin thesystem.NGC 1052is thoughtto exhibit evidencefor anAGN disk
(thebroadFeKa line) andjets(radioobservations),aswell assubstantial,extendedsoftemission.
As such,weexpectedthespectrumto beaconglomerateof all of thesefeaturessinceSuzakulacks
thespatialresolutionnecessaryto physicallyseparatethem.

We alsoanalyzedtheHXD/PIN spectrumfrom 12� 35keV in orderto learnmoreaboutthe
natureof the continuumandto constrainthe amountof re�ection seenin the source.Becausea
broadiron line componenthasbeenobserved in NGC 1052in the past(Guainazziet al. 2000),
we expectedthat residualemissionabove a power-law shouldremainat high energiesdueto the
presenceof theso-called“Comptonhump.” This featurehasbeennotedin many AGN with broad
iron lines (for a review, seeReynolds& Nowak (2003)),representingComptondown-scattering
of the hard X-ray photonsby the material in the disk. This Comptonhump typically peaksat
� 20� 30keV, andis thoughtto go hand-in-handwith thepresenceof a broadiron line, asboth
spectralfeaturesarisefrom thesamephysicalprocessof re�ection.
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4.1. XIS Continuum

Beforetheiron line regioncouldbeconsidered,it wasnecessaryto �rst accuratelymodelthe
underlyingcontinuumof NGC 1052. We beganby ignoringtheenergy rangewherethe iron line
is thoughtto beimportant(3� 7keV) andmodeledthe0:5� 3 and7� 9keV energy bandswith a
simplepower-law modi�ed by Galacticphotoabsorption(NH = 2:83� 1020cm� 2 , asperKalberla
etal. (2005)).Theresultwasa poor�t: c2=n = 840=361(2:33). Largeresidualsremainedatboth
highandlow energies(seeFig. 3), andaveryhardphotonindex for thepower-law componentwas
seen:G= 0:34� 0:12. To accountfor differencesin calibrationbetweentheXIS 0+3andtheXIS 1
detectors,we multiplied eachdatasetby a constantcross-normalizationfactor. This constantwas
heldat1:00 for XIS 0+3,andachievedabest-�t valueof 0:94� 0:01 for theXIS 1 data.

An apparentsoft excesswasclearly visible below � 1:5keV (seeFig. 3). To mitigatethis
residualfeaturewe incorporateda thermalmekal component(Mewe et al. 1985). The �t im-
proveddramaticallyto c2=n = 381=358(1:06) (Dc2=Dn= � 459=� 3, or an improvementin the
global goodness-of-�tby 459 chi-squaredpoints for an additional3 degreesof freedom),with
kT = 0:6� 0:05keV anda solarabundancefor themekal component.This componenthasbeen
notedin previousX-ray analysesof NGC1052by Kadleretal. (2004b)with Chandra andWeaver
et al. (1999)with ASCA(hereafterW99), andthetemperatureand�ux obtainedfrom our Suzaku
�t arecomparableto bothvaluesin bothpreviousworks.This thermalemissionmostlikely origi-
natesin extendedemissionaroundthenucleusfrom theinteractionof thejetswith theISM (Kadler
et al. 2004b).Residualsstill remainedat low energies,however, sowe addedin a secondmekal
component(with anabundanceequalto thatof the �rst) to try to accountfor thesefeatures.Al-
thoughmarginal improvementin theoverall goodness-of-�twasseen(Dc2=Dn= � 12=� 2), the
additionof this secondthermalcomponentrenderedthe parametersof both mekal components
unconstrainedin anerroranalysis.We thereforeremovedthesecondthermalcomponent.Though
modestresidualsremainedat selectenergies,no statisticallysigni�cant improvementin �t was
achievedwith theadditionof discreteGaussiancomponents,asonemight expectin a photoion-
ized plasma,or with allowing the abundanceof the mekal component(s)to vary. Alternatively,
we alsotried to accountfor this excesssoft emissionwith a secondpower-law, with andwithout
further absorption.Both modelsexhibited signi�cantly poorer�ts thanthat of the singlemekal
component.

BecauseNGC 1052is alsoclassi�ed asa Seyfert 2 galaxy, it is reasonableto assumethat
someintrinsic absorptionexists in or aroundthe nuclearregion. Suchabsorptioncould play a
signi�cant rolein thespectralcurvatureseen,soit mustbeproperlyaccountedfor in thecontinuum
model. We employeda partial-coveringabsorber(zpcfabs ) intrinsic to thesourceto modelthis
component,applyingit only to thepower-law andothercomponentsof nuclearAGN emissionand
not to the extendedmekal components.A statisticallysigni�cant improvementin �t wasseen:
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c2=n = 335=356(0:94), with NH = 1:08� 0:15� 1023cm� 2 anda coveringfractionof 84� 2%.
This marked an improvementin �t of Dc2=Dn= � 46=� 2. With the inclusionof this intrinsic
absorption,the power-law photonindex increasedto G= 0:80� 0:09. This was a signi�cant
increasein photonindex from the�t without intrinsicabsorption.

Physically, thiscontinuummodelandits parameterswereroughlycomparableto thosewhich
were�t for the1996ASCAobservationof thesource(W99) andthe2000BeppoSAXobservation
by Guainazziet al. (2000)— hereafterG00 — althoughthe photonindex of the power-law is
considerablyharderandtheintrinsicabsorptionlessdensein this2007observation.A modelwith
a dual neutralabsorbermodifying intrinsic plus scatteredpower-law componentsasin W99 and
G00did not improve the�t, statistically;moreover, theparametervaluesof thesecondpower-law
andabsorbercouldnotbeconstrained.

Evenaftermodelingtheneutralabsorptionin thesystem,someresidualspectralcurvaturestill
remainedaround2� 3keV, indicatingthatsomefurthercomponentof absorptionlikely remained
unmodeled.We appliedthesimpleionizedabsorbermodelabsori (Zdziarskiet al. 1995)to the
nuclearemissionandnoteda marked visual improvementto the �t from 2� 3keV, aswell asa
small improvementin the global goodness-of-�tto c2=n = 325=354(0:92), an improvementof
Dc2=Dn= � 10=� 2. This absorberwasreasonablythick andmoderatelyionized,with a column
densityof NH = 1:37� 0:02� 1022cm� 2 andanionizationparameterof x = 68� 7ergcm� 1 s� 1 .
With the additionof this component,the power-law photonindex increasedto G= 1:50� 0:02.
Thisvaluelieswithin reasonable,expectedphysicallimits for theX-raycontinuumof anAGN.Our
basecontinuummodelthereforeincludeda power-law modi�ed by intrinsic absorptionfrom both
a cold, patchyabsorberanda moderatelyionizedabsorberof smallercolumndensity, alongwith
extendedthermalemission.All modelcomponentswereaffectedby Galacticphotoabsorption.

4.2. The FeKa Line

Having �t thecontinuum,we thentook theenergiesfrom 3� 7keV backinto consideration
andattemptedto modeltheprominentresidualsremaining,highlightedby a strongemissionfea-
turecenteredat6:4keV in therestframethatwasassumedto beneutralFeKa (seeFig.4, top). We
beganby holdingthecontinuumparametersconstant,exceptfor normalizationsandthepower-law
photonindex, andre�tting. Thestrongresidualat6:4keV remained,appearingtohaveabroadened
redwing associatedwith it thatextendeddown to � 4keV. For this �t, c2=n = 711=631(1:13).

To accountfor thestrongemissionfeatureof 6:4keV, we initially assumedsomecorecon-
tribution from neutralFe Ka outsideof the inner accretiondisk in distantmaterial. This would
producea relatively narrow emissionline, beingoutsidetheregion whererelativistic broadening
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Fig. 4.— Top: The residualemissionfeatureremainingafter �tting the continuumof the NGC 1052
Suzaku/XIS data,asper§4.1.Notetheprominentpeakcenteredat 6:4keV in therestframeandtheexcess
emissionextendingdown to � 4keV. c2=n = 711=631(1:13). Middle: Residualsremainingafter �tting
only the narrow Fe Ka core. Evidencefor a broaderfeatureis clear. c2=n = 584=629(0:93). Bottom:
Residualsremainingaftera laor line (Laor1991)wasusedto modelthebroadFeKa emissionline aswell.
c2=n = 561=625(0:90).
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becomesimportant. Insertingsucha line (s = 5eV, intentionallylessthanthe resolutionof the
XIS in orderto make the line truly narrow) into the modelyieldeda vast improvementin �t to
c2=n = 584=629(0:93) for Dc2=Dn= � 127=� 3 overthecasewith noline present.Theenergy of
theline wasconstrainedin the�t to E = 6:39� 6:41keV, indicativeof neutraliron, andthefeature
hadanequivalentwidth EW = 88� 134eV. Theseparameterrangesarequotedat90%con�dence
for oneinterestingparameter;thiscon�denceinterval appliesto all parameterrangesquotedin this
Section.Thebroadresidualscenteredon6:4keV still remained,however(seeFig. 4, middle).

We attemptedto model thesebroadresidualsthreeseparateways: with a broadGaussian,
with a diskline componentrepresentingemissionfrom the inner disk arounda Schwarzschild
blackhole(Fabianet al. 1989),andwith a laor componentrepresentingemissionfrom theinner
diskaroundamaximally-spinningKerrblackhole(Laor1991).Eachline wascenteredat6:4keV
in the rest frame, correspondingto neutralFe Ka. The Gaussiancomponentimproved the �t
by Dc2=Dn= � 13=� 2 to c2=n = 571=627(0:91), andwasquitebroad: s = 642� 852eV. Its
equivalentwidthof EWbroad= 166� 236eVwasslightlysmallerthanthatof previousobservations,
e.g.,W99andG00,in whichEWbroad� 300eV. Relaxingtheenergy constraintof theline resulted
in E = 5:41� 5:88keV, with s = 780� 1300eV andEWbroad= 359� 390eV, thoughsigni�cant
residualsstill remainedon the red wing of the line. We then turnedto diskline and laor in
thehopeof modelingtheunderlyingbroadfeature,recognizingthatthesemodelsassumethatthe
broademissionoriginatesin the inner accretiondisk, which may not be the caseif NGC 1052
harborsanADAF.

The diskline model yielded c2=n = 574=625(0:92), which is not signi�cantly different
from the Gaussian�t (Dc2=Dn= + 3=� 2), statistically, thoughit did accountfor more of the
residualsbelow 6keV. VLBI observationsof theradio jet on sub-parsecscaleshave constrained
theinclinationangleof theaccretiondisktobebetween57� 72� relativetoourlineof sight(Kadler
et al. 2004b),sowe appliedtheseconstraintsto themodel. Our best�t yieldedanaccretiondisk
emissivity index of a = 1:69� 3:69 (wherethedisk emissivity eµ r � a ) andan innerdisk radius
of r in < 26rg (whererg = GM=c2), but the inclination anglecould not be further constrained.
We held the outerradiusconstantat rout = 400rg, sinceit wasunableto be constrainedandour
emissivity index dictatedthatthis radiussafelyencompassesall of therelevantemissionfrom the
disk. Fixing theinclinationangleto anaveragevalueof 65� andtheemissivity index of thedisk to
a “typical” Seyfert AGN valueof a = 3 yieldedno signi�cant improvementin �t or changein the
othermodelparametervalues,andonly resultedin aconstraintontheinnerradiusof diskemission
of r in = 11� 52rg.

The laor modelprovided the beststatistical�t at c2=n = 561=625(0:90), an improvement
of Dc2=Dn= � 13=0 over thediskline modelandDc2=Dn= � 10=� 2 over thebroadGaussian
line model.Thelaor modelalsoappearedto bemosteffective at reducingtheresidualsbetween
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4� 7keV (seeFig. 4, bottom). Keepingthe samedisk inclination constraintsmentionedabove
for the diskline model,we againcould not further constrainthis parameter, but we notedthat
the emissivity index of the disk was fairly centrallyconcentratedat a = 1:53� 5:10, while the
inner radiusof emissionis only mildly constrainedwithin r in = 8:93� 45:10rg. The equivalent
width of thebroadiron line herewasfound to lie within EWbroad= 110� 297eV. Interestingly,
whenwe relaxed the constrainton the inclination angleof the disk we obtaineda best-�t value
of i = 45� 5� ; this is roughlya � 2s deviation from theradioconstraints.Fixing the inclination
angleandemissivity index asabove for the diskline caseworsenedthe global goodness-of-�t
by 22 chi-squaredpointsfor 2 fewer degreesof freedom(Dc2=Dn= + 22=+ 2) andno signi�cant
improvementon theconstraintfor theinnerradiusof diskemission:r in = 13� 44rg.

Thelaor �t wasaslight improvementoverboththeGaussiananddiskline models,though
it shouldbe notedthat the uncertaintyof the r in parametereffectively rendersit impossibleto
meaningfullydistinguishbetweenthe diskline and laor modelsbasedon the Fe Ka pro�le
alone. If the laor model�t could betterconstrainthe inner disk radiusto r in < 6rg (indicating
that an optically-thick disk extendsdown to small radii), it would suggestthat the black hole at
the centerof NGC 1052 is rapidly rotating, as many theoriesexpect for a sourcethat powers
relativistic jets (e.g.,Blandford& Znajek(1977);Meier et al. (2001);Hawley & Krolik (2006)).
We cannotmake this statementunequivocally basedon our data,however. Thedata�t with this
laor modelareshown in Fig.5. The�nal best-�t modelparametersandtheirerrors,incorporating
theHXD/PIN dataaswell, arepresentedin thefollowing Sectionwithin Table1 asModel1.

Absorptionhasoftenbeensuggestedasanalternativeto broadiron emissionwhenattempting
tomodelenhancedspectralcurvaturein the4� 7keV range(e.g.,Kinkhabwala(2003)).Toaddress
this possibility, we comparedour bestlaor �t above to a modelin which we removedthebroad
iron line andreplacedit with a secondabsorbedpower-law component.Theresulting�t yielded
c2=n = 582=627(0:93), asopposedto the c2=n = 561=625(0:90) achieved with the �nal laor
model(Dc2=Dn= + 22=+ 2), andleft signi�cant residualsaround6:4keV andbelow. Moreover,
theparametervaluesfor boththepartial-coveringabsorberandthepower-law componentsarenot
constrainedin the �t. Themodelsemploying broademissionlinesunquestionablyprovide better
statisticalandvisual�ts to thedata.

4.3. Addition of the HXD/PIN Data

AddingtheHXD/PIN dataonto thecombinedXIS 0+3andXIS 1 spectra,wenoticedthatthe
signal-to-noiseratio deterioratedsigni�cantly above � 35keV andbelow � 12keV. As such,we
restrictedourenergy rangefor thisdetectorto12� 35keV,applyingaconstantcross-normalization
factoraswedid with theXIS 1 dataset.In thiscase,weusedaparametervalueof 1:18 in keeping
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Fig. 5.— Thebest-�tting modelfor theXIS data.This modelincludesa power-law continuummodi�ed
by intrinsic absorptionfrom a partial-covering neutralmaterialaswell asa mildly ionizedgas,extended
thermalemission,andbothbroadandnarrow componentsof neutralFeKa. Thespectrumis alsomodi�ed
by Galacticphotoabsorption.c2=n = 561=625(0:90). Thered,blackandgreencolors/linesarethesameas
in Fig. 1.
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with thevalueexpectedfor theHXD nominalpointingposition.

We consideredthecombineddatare�tted with Model 1 (photoabsorbedpower-law, a partly-
ionizedabsorberanda partial-coveringneutralabsorber, soft thermalemission,narrow andbroad
FeKa components),includingnore�ection componentabove9keV. Fig.6 showsthedata,model
andresidualsfrom this �t, whichyieldsc2=n = 660=685(0:96). Theinclusionof thehigh-energy
dataleft the 2� 9keV parameterseffectively unchangedfrom their valuesin the �t without the
PIN data. If a signi�cant �ux contribution from re�ection is present,asonemight assumeif the
broadiron line hasanorigin in a relativistic accretiondisk,wewouldexpectto seesomeexcessin
theemissionover9keV relative to Model1. No suchfeaturewasdetected,however.

Table1 showsthefull 0:5� 35keV �t with 90%con�denceerrors.

4.4. Alter nativeContinuum Models

Thoughno evidencefor Comptonizedre�ection is apparentto the eye above 9keV, it is
nonethelessimportantto try to placeupperlimits on its possiblecontribution to theoverall spec-
trum. With this in mind, we utilized two popular, well-regardedmodelsof re�ection from an
accretiondiskaroundablackholein anattemptto quantifytheamountof re�ection thatmight be
presentin thespectrumof NGC1052.

Thepexrav (or pexriv ) modelof Magdziarz& Zdziarski(1995)is oneof themostwidely
usedpublic modelsfor AGN emissionwhich incorporatesre�ectedcontinuumfrom a neutral(or
partly ionized)accretiondisk. While it representsa morephysicalmodelthanthesimplepower-
law alone,it doesnotincludeline emissionfrom thedisk(e.g.,FeKa) andit is dif�cult, in practice,
to constrainthethreemostimportantparameterssimultaneously:photonindex, re�ection fraction
anddisk inclinationangle.

Addinga pexrav componentto ourpower-law continuum(andkeepingtheinclinationangle
of thediskconstantat thelaor value,thepower-law cutoff at100keV,andtheabundances�x edat
their solarvalues),we foundc2=n = 660=683(0:97), only a very marginal changein �t from that
of Model 1 over the0:5� 35keV energy range(Dc2=Dn= 0=� 2). Thephotonindex �t between
G= 1:45� 1:56while there�ection fractionwasconstrainedto bequitesmall:Rre� < 0:01. As we
expect,basedontheresidualsfrom �tting Model1, re�ection is notasigni�cant contributor to the
overallobservedspectrum.Thoughapexriv componentwasalso�t, theionizationparameterwas
unableto beconstrained,soweelectedto assumeaneutraldisk. In this �t, theemissivity index of
the laor line for FeKa hadvery similar constraintsto thosefoundin Model 1: a = 1:74� 4:56.
Also, to 90%con�dence,theinnerradiusof emissionin thediskwasconstrainedto r in � 45rg, as
we foundin Model 1. Theequivalentwidth of thebroadFeKa line in this modelalsoremained
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Fig. 6.— HXD/PIN dataincludedfrom 12� 35keV andre�tted with Model1, whichdoesnot includeany
type of continuumdisk re�ection. Inclusionof this datadoesnot signi�cantly alter the modelparameter
valuesfrom the0:5� 9keV �t. Thoughabroadline is still requiredat 6:4keV, no accompanying evidence
of re�ection from the disk above 9keV is seen. Redandblack colors follow the designationsof Fig. 1.
In the top panel,thegreencrossesandline representthePIN dataandmodel,respectively. In thebottom
panelthehorizontalgreenline still representsadata-to-modelratioof one,while thegreencrossesshow the
residualsbetweenthePIN dataandmodel.c2=n = 660=685(0:96).
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consistentwith that foundin Model 1, at EW = 113� 293eV. Thepexrav modelwill hereafter
beknown asModel2. Its �nal parametervaluesandtheirerrorsarealsopresentedin Table1.

Thereflion modelof Ross& Fabian(2005)isanotherwidelyavailablecodeusedtodescribe
there�ectedspectrumof anaccretiondiskarounda blackhole.Theadvantageof this modelover
thepexrav modelis thatit is self-consistent:�uorescentemissionlinesfrom many ionizedspecies
areincludedin additionto thecontinuum,mostnotablythoseof theFeK complex. Theionization
parameter, incidentpower-law photonindex and iron abundancearespeci�ed by the user. The
disadvantageis that photonindicesbelow G= 1 areoutsidethe allowed parameterrangeof the
model,andthereis not a parameterfor there�ection fraction,asin pexrav . Theuseris therefore
obligedto estimateit using,e.g.,

Rre� =
Kre�

Kpo

Fre�

Fpo

�
x
30

� � 1

: (1)

Here Kre� andKpo denotethe normalizationsof the reflion andpower-law componentsfrom
our best-�t spectralmodel,x is thebest-�t ionizationparametercharacterizingthedisk re�ection
(wherex = 30 denotesaneutraldisk in themodel),andFre� andFpo arethetotal �ux escontained
in thereflion andpower-law componentsfor unity normalizationover thefull wavelengthrange
(0:001� 1000keV).

We beganby removing the laor line from theModel 1 �t andaddingin a reflion compo-
nent,with the iron abundanceheld at the solarvalueandthe photonindex linked to that of the
power-law. As expected,this �t mimickedthatof thecontinuumplusa narrow 6:4keV Gaussian,
leaving residualsonthelow-energy endof theline. Statistically, c2=n = 679=687(0:99). Allowing
theiron abundanceto �t freelyyieldedasmallimprovementin �t, with c2=n = 667=686(0:97) for
Fe=solar� 3:53,but doingsorenderedtheionizationparameterandnormalizationunconstrained.
As suchweelectedto keeptheiron abundanceconstantat thesolarvalue.

If NGC 1052harborsa rapidly spinningblack hole, asour bestlaor �t seemsto indicate,
we musttake into accounttherelativistic effectson emissionoriginatingfrom theinneraccretion
disk. We incorporatedthis smearingof spectralfeaturesusingthelaor -basedconvolution model
kdblur . Our best�t wasc2=n = 660=684(0:96), comparableto our bestlaor andpexrav �ts
(Dc2=Dn= 0=� 1 andDc2=Dn= 0=+ 1, respectively). However, we wereunableto constrain
the emissivity index of the accretiondisk, thoughwe did obtainconstraintson the inner radius
of emissionthat areconsistentwith thosefound in the laor model: r in < 45rg. The estimated
re�ection fraction is quite low at Rre� � 0:006, consistentwith the resultsof the pexrav model
�t andpartly attributableto the moderatelyhigh ionizationparameter(x � 111) in the reflion
model. The kdblur(reflion) modelwill hereafterbeknown asModel 3. For comparison,the
modelcomponentsfor theModels1-3 �ts areplottedin Fig. 7, andtheir best-�t parametersand
errorsarelistedin Table1.
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Models2-3 constrainthe amountof re�ection from the disk to be Rre� � 0:01, consistent
with the lack of a discernibleComptonhumpabove 10keV in theHXD/PIN data. Moreover, as
we describein detail later in §6, if thebroadiron line componentresultsfrom �uorescencein the
disk causedby incidenthardX-ray emission,thentheequivalentwidth of theFeKa line should
bedirectly relatedto thenormalizationof there�ection componentin our modelascomparedto
that of the power-law. Yet this is not the casein our data. Basedon the low normalizationsfor
re�ection seenin bothModel2 andModel3, weshouldexpectabroadFeKa equivalentwidth of
EW � 80eV, muchlessthantheobservedEW � 185eV in bothModels1-2. In otherwords,our
broadiron line doesnot appearto have a correspondinglystrongamountof continuumre�ection
associatedwith it. It is possiblethat this “missing” re�ection is actuallypresentto somegreater
degreein thedata,but is perhapsdrownedoutby thepower-law continuum.It is alsopossiblethat
re�ection is simplyabsentin this source.Thisscenariopresentsseveralintriguingpossibilitiesfor
physicalinterpretations,whichwediscussin §6.

5. Comparisonwith PreviousResults

Herewe considerour best2007Suzakuresults(Model 1) againstthoseobtainedin the1996
ASCAobservationby W99 andthe2000BeppoSAXobservationby G00. We do not electto dis-
cussindividually eitherthe1999ROSAT resultsfrom Guainazzi& Antonelli (1999)nor the2000
Chandra resultsfrom Kadleretal. (2004a)dueto theinferior signal-to-noiseof theseobservations.

NeitherW99 nor G00presenteda light curve for their data,but bothauthorsfailedto detect
any signi�cant variabilityoverthecourseof theirobservations.W99�t atime-averaged2� 10keV
�ux of F2� 10 � 8� 10� 12 ergcm� 2 s� 1 , correctedfor a dualabsorberin thebest�t. This differs
only slightly from theunabsorbed�ux of F2� 10 � 9� 10� 12 ergcm� 2 s� 1 we have obtainedfrom
ourdatain thepresentepoch.G00useonly onecoldintrinsicabsorberin theirbest�t, whichyields
anunabsorbed�ux of F2� 10 � 9� 10� 12 ergcm� 2 s� 1 , alsoconsistentwith our2007observation.

Theneutralhydrogenabsorbingcolumnin ourbest�t is lessdensethanthatof W99 or G00.
We�nd evidencefor oneintrinsicneutralabsorberof NH � 1:08+ 0:04

� 0:08 � 1023 cm� 2 (with apartial-
covering fraction of � 83+ 3

� 4%). In their best-�tting model, W99 employ a two-zoneintrinsic
absorptionmodelwith NH(1) = 3:00+ 1:68

� 1:16 � 1023cm� 2 andNH(2) = 4:9+ 2:0
� 1:4 � 1022cm� 2 . The

G00 best-�t modelusesoneintrinsic absorberof NH = 2+ 0:6
� 0:5 � 1023cm� 2 . Our modelcontains

a componentof partly-ionizedabsorptionthatW99 andG00do not, however: theabsori model
representingthis absorbingmaterialhasa columndensityof NH = 1:37+ 0:54

� 0:78 � 1022cm� 2 andan
ionizationparameterof x = 68+ 100

� 31 ergcm� 1 s� 1 . Evenwith thisadditionallayertheW99andG00
modelscontainhigherabsorbingcolumnsthanour2007model,however.
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Fig. 7.— Therelative contributionsof eachmodelcomponentin the threerelevant �ts to theNGC 1052
XIS andPIN data:laor (top,Model 1), pexrav+laor (middle,Model 2) andkdblur(reflion) (bottom,
Model 3). Eachmodelpresentsits own strengthsandweaknesses,asdiscussedin the text. Modelsare
extendedto 100keV to illustratetheir projectedcontributionsat higherenergies.Redrepresentsthepower-
law (affectedby Galacticandintrinsicabsorption),greenrepresentsthethermalmekal component,Gaussian
emissionlinesarein dark blueandre�ection featuressuchasthe laor line (top), the pexrav component
(middle) and the kdblur(reflion) model (bottom) are in light blue. The laor line in Model 2 is in
magenta.
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Component Parameter Value Model 1 Model 2 Model 3
mekal kT ( keV) 0:64+ 0:04

� 0:04 0:64+ 0:04
� 0:04 0:64+ 0:04

� 0:04
KkT ( phcm� 2 s� 1 ) 4:14+ 1:00

� 1:02 � 10� 5 4:14+ 0:74
� 0:84 � 10� 5 4:14+ 0:64

� 0:57 � 10� 5

FkT ( ergcm� 2 s� 1 ) 9:00+ 2:17
� 2:22 � 10� 14 9:48+ 1:69

� 1:92 � 10� 14 8:78+ 1:35
� 1:94 � 10� 14

absori G 1:50+ 0:07
� 0:08 1:50+ 0:06

� 0:05 1:50+ 0:05
� 0:05

NH (� 1022cm� 2 ) 1:37+ 0:54
� 0:78 1:37+ 0:27

� 0:23 1:45+ 0:63
� 0:53

T ( K) 3� 104 3� 104 3� 104

x( ergcm� 1 s� 1 ) 68+ 100
� 31 66+ 36

� 46 67+ 26
� 33

zpcfabs NH (� 1022cm� 2 ) 10:82+ 0:44
� 0:77 10:82+ 0:64

� 0:94 10:83+ 0:55
� 0:87

%cover 0:84+ 0:03
� 0:04 0:84+ 0:02

� 0:02 0:85+ 0:02
� 0:02

zpo G 1:50+ 0:07
� 0:08 1:50+ 0:06

� 0:05 1:50+ 0:05
� 0:05

KG( phcm� 2 s� 1 ) 1:55+ 0:20
� 0:24 � 10� 3 1:55+ 0:21

� 0:25 � 10� 3 1:62+ 0:23
� 0:35 � 10� 3

FG( ergcm� 2 s� 1 ) 1:89+ 0:24
� 0:29 � 10� 11 1:79+ 0:24

� 0:29 � 10� 11 1:85+ 0:34
� 0:32 � 10� 11

zgauss E( keV) 6:40+ 0:01
� 0:01 6:40+ 0:01

� 0:01 6:40+ 0:01
� 0:01

Knarrow ( phcm� 2 s� 1 ) 1:18+ 0:19
� 0:19 � 10� 5 1:19+ 0:19

� 0:19 � 10� 5 1:26+ 0:15
� 0:15 � 10� 5

Fnarrow ( ergcm� 2 s� 1 ) 1:00+ 0:16
� 0:16 � 10� 13 9:54+ 1:54

� 1:54 � 10� 14 1:23+ 0:18
� 0:18 � 10� 13

EWnarrow ( eV) 111+ 18
� 18 111+ 18

� 18 121+ 16
� 16

laor , kdblur aemis 2:40+ 2:14
� 0:82 2:40+ 2:17

� 0:65 0:95+ 9:05
� 0:95

r in (rg) 19:93+ 24:52
� 10:04 19:76+ 24:68

� 19:76 20:15+ 25:36
� 20:15

i( � ) 72+ 0
� 15 72+ 0

� 15 72+ 0
� 15

Kbroad( phcm� 2 s� 1 ) 1:69+ 1:03
� 0:69 � 10� 5 1:71+ 0:97

� 0:68 � 10� 5 —
Fbroad( ergcm� 2 s� 1 ) 1:44+ 0:50

� 0:59 � 10� 13 1:38+ 0:78
� 0:55 � 10� 13 —

EWbroad( eV) 185+ 112
� 75 187+ 106

� 74 —
pexrav , reflion Fe=solar — 1:0 1:0

x( ergcm� 1 s� 1 ) — 0:0 109+ 2
� 109

Rre� — 0:01+ 0
� 0:01 5:75+ 0

� 5:75 � 10� 3

Kre� ( phcm� 2 s� 1 ) — 7:21+ 0
� 7:21 � 10� 8 1:30+ 1:71

� 1:22 � 10� 7

Fre� ( ergcm� 2 s� 1 ) — 4:04+ 0
� 4:04 � 10� 18 4:24� 10� 13

c2=n 660=685(0:96) 660=683(0:97) 660=684(0:96)

Table1: Comparisonof our threebest-�t modelsfor the0:5� 35keV spectrumof NGC 1052.All compo-
nentsof Models1-3 aremodi�ed by Galactichydrogenabsorptionwith NH = 2:83� 1020 cm� 2 . “K” de-
notesthenormalizationvalueof a givencomponent.Flux valuesindicateabsorbed�ux from 0:5� 35keV.
Redshiftsfor themodelcomponentsareheldconstantat thecosmologicalvaluefor NGC1052:z= 0:0049.
Abundancesnot listed areheld constantat their solarvalues. The inclination angleof the accretiondisk
usedin the laor andkdblur modelswasconstrainedto fall within the radioobservation uncertaintiesof
i = 57� 72� . All errorslistedareat 90%con�dencefor oneinterestingparameter.
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Waveband(keV) Model 1 Flux ( ergcm� 2 s� 1) Model 2 Flux ( ergcm� 2 s� 1 ) Model 3 Flux ( ergcm� 2 s� 1 )
0:5� 2:0 3:42� 10� 13 3:42� 10� 13 3:68� 10� 13

3:42� 10� 12 3:42� 10� 12 5:31� 10� 12

2:0� 10:0 5:53� 10� 12 5:25� 10� 12 5:33� 10� 12

8:96� 10� 12 8:96� 10� 12 9:20� 10� 12

10:0� 60:0 3:64� 10� 11 3:64� 10� 11 3:79� 10� 11

3:68� 10� 11 3:68� 10� 11 3:82� 10� 11

Table2: Extrapolatedmodel�ux esfor the2007Suzakuobservationof NGC1052in threewavebands.Absorbed�ux esareonthetop line,
unabsorbed�ux esareon the line below. For thesoftestenergiesthe �ux from XIS 1 wasused,while theXIS 0+3 datawasusedfor the
2� 10keV band.PIN datawereusedfor the�ux above 10keV.
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The heavy absorptionin W99, in particular, resultedin a power-law photonindex split be-
tweenintrinsic andscatteredcomponents,wherea power-law photonindex of G= 1:7 wasas-
sumedand11%wasscattered,while 70%of theintrinsic �ux wasabsorbedby thelargercolumn
and30%by thesmallercolumn.We attemptedsucha neutraldual-absorber�t (see§4.1-4.2)and
found that the parametersof the secondabsorbercould not be constrained,andthat a singlein-
trinsic neutralabsorberandanionizedabsorberalongwith Galacticphotoabsorptionmodifying a
simple,albeitfairly hardpower-law (G� 1:5) providedanexcellent�t to thecontinuum.

W99 andG00alsofoundevidencefor a thermalmekal componentto explain thesoft excess
notedbelow 2keV, which wasbestmodeledwith kT = 0:53+ 0:34

� 0:26keV anda 0:1� 2:0keV �ux of
Fmekal= 5:8+ 2:5

� 2:3 � 10� 14 ergcm� 2 s� 1 in W99. G00modeledthiscomponentwith asimilarmodel
of muchhighertemperatureof kT � 5keV, thoughtheseauthorsdonotreportits �ux. Thisthermal
componentwasalsodetectedby Kadler et al. (2004a)with Chandra at kT = 0:41+ 0:09

� 0:07, though
over a �ux rangeof 0:2� 8:0keV andwith limited signal-to-noise.We found a similar thermal
componentin theSuzakudata.ThoughtheXIS detectorsloseeffectivearearapidlybelow 0:3keV,
extrapolatingModel 1 down to 0:1keV yieldedkT = 0:64� 0:04keV andFmekal = 9:38+ 2:27

� 2:31 �
10� 14ergcm� 2 s� 1 over 0:1� 2:0keV. Our resultsshoweda slight increasein temperatureand
�ux for themekal componentbut wereconsistentwith the1996resultswithin errorbars.

In the favoreddual-absorberASCAmodelof W99, a broadFe Ka line componentwasnot
requiredin the �t and hencetheseauthorsfound no de�niti ve evidencefor re�ection from an
optically-thick accretiondisk in their data. They did requirea narrow Fe Ka line, however: the
centroidenergy of this componentwasheldconstantatE = 6:37keV andhadanequivalentwidth
of EW = 270� 120eV. G00did detectanFeK line with someapparentbroadening,thoughthis
couldbeaccountedfor in theBeppoSAXdatawith amildly ionizedFeKa line with centroidenergy
E = 6:48+ 0:16

� 0:20keV andanequivalentwidth of EW = 230� 170eV. In ourModel1 for theSuzaku
data,we found that both broadandnarrow componentswerenecessaryin orderto eliminatethe
residualsbetween4� 7keV. Our narrow line, with a centroidenergy of 6:4� 0:01keV hadan
equivalentwidth of 111� 18eV. The presenceof a broadcomponentto the Fe Ka line likely
renderedthisnarrow featuresigni�cantly weaker thanits 1996counterpart.

Our broadFe Ka line, held constantat a centroidenergy of E = 6:4keV, wasbest�t with
a laor emissionfeatureoriginatingfrom theaccretiondisk arounda rapidly rotatingblackhole,
thoughtheinnerradiusof emissionwithin thedisk wasonly mildly constrainedto r in < 45rg, as
discussedin §4.2.This featurewasstrongerthanthenarrow FeKa line: its equivalentwidth was
185+ 112

� 75 eV. Replacingthe laor line with a broadGaussian,we foundthats = 1:04� 0:26keV,
which translatesto a lower-limit FWHM of v � 0:37c andimpliesanorigin for this featurevery
closeto theblackhole. Thoughthe�t of the laor line itself is suggestive of a broad,�uorescent
FeKa origin in theinneraccretiondisk, thelackof re�ectedcontinuum�ux above10keV argues
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againstthis interpretation,aswediscussbelow andin thefollowing Section.

W99 considereda re�ection-basedhrefl modelto �t the ASCAspectrum,but wereunable
to obtainmeaningfulconstraintson there�ection parameterswithoutmakingseveralassumptions.
Theseincluded�xing the valueof the power-law photonindex of thecentralX-ray sourceto be
G= 1:7 and also �xing the inclination angleof the disk to i = 60� . The latter was consistent
with our own angleconstraintsbasedon the VLBI observationsof NGC 1052,but our Suzaku
observation indicateda somewhat harderphotonindex (seeTable1). For an assumedre�ection
fraction of Rre� = 1 andthe observed ASCAspectrum,W99 found that only a small fraction of
the directemissionfrom theX-ray sourcewasvisible, leadingtheseauthorsto infer that a thick
absorbingcolumnin thenucleus(NH > 3� 1023cm� 2 ) blockedtheX-ray sourcefrom view, such
thatre�ectedemissiondominatedthespectrum.However, theequivalentwidth of theFeKa line,
EW � 40eV, wasover an orderof magnitudesmallerthan the sameline seenin otherheavily
obscuredAGN. To accountfor this line with a re�ection model would requirean implausibly
small iron abundanceof ZFe=solar� 0:05. This re�ection modelwasthereforearguedagainstby
W99. Similarly, G00alsoruledout evidencefor Comptonre�ection in theNGC 1052BeppoSAX
spectrumdueto a statisticallyunacceptable�t for the pexriv model. Theseauthorswereonly
ableto mildly constrainthere�ection fractionto ahardupperlimit of Rre� < 0:6.

The 2007Suzakudataconcurwith this assessmentof a lack of re�ection: thoughModel 2
produceda comparableglobalgoodness-of-�tto Model 1, there�ection fractionwasfoundto be
quitesmall:Rre� < 0:01. Attemptingto modelany re�ection presentwith Model3,wewereunable
to constraintheemissivity index of theaccretiondisk, thoughwe did achieve similar constraints
for theequivalentwidth of thenarrow iron line andthephotonindex of thepower-law component.
Basedon this spectral�tting, we concludethat in 2007, NGC 1052 doesshow evidencefor a
broadenediron line; this line is not particularlybroador strong,however, andis not accompanied
by theexpectedComptonhumpabove10keV. Thismayindicatethattheline arisesoutsideof the
innermostportionsof thedisk and/orthat re�ection simply doesnot play a large role in creating
theoverallX-ray spectrum.

In order to make a more detailedcomparisonbetweenthe 1996 ASCAdataand the 2007
Suzakudatafor NGC 1052,we have examinedthe 0:5 � 10keV W99 spectrumin combination
with our Model 1. Datafrom theSIS0 andGIS 2 wereused,asthesewerethe instrumentswith
thehighestcountratesandthecloseston-axistelescopepointingduringtheASCAobservation.We
show aplot of theratio of theASCAdatato ourSuzakubest-�t Model1 in Fig. 8.

Changesbetweenthetwo epochsareevidentat energiesbelow � 3keV andabove � 7keV,
likely indicating that the continuumandabsorbingstructureshave undergonephysicalchanges
during the interveningyears. Re�tting the model,we found that c2=n = 120=141(0:85) asop-
posedto c2=n = 255=141(1:81) beforere�tting. Reducedchi-squaredvalueslessthanunity often
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Fig. 8.— Ratioplot of the1996ASCAspectrumof NGC 1052to the2007Suzakubest-�t Model 1. SIS0
andGIS 2 dataareshown with black andred crosses,respectively. The greenline denotesa theoretical
perfect�t. Note thecurvatureof the residualsbelow � 3keV. Theseresidualsindicatethatchangeshave
occurredin theabsorptionstructuresurroundingtheAGN betweenepochs.c2=n = 255=141(1:81). No re�t
hastakenplace.
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indicatethat the model hasmore parametersthan are necessaryto adequately�t the data,and
given the lower spectralresolutionandthroughputof theASCAdata,this is likely thecasehere.
Nonetheless,we canusethis re�t to verify which modelcomponentshave undergonesigni�cant
changesbetween1996and2007.

The thermalcomponenthada temperatureof kT = 0:50� 0:14keV, consistentwith the re-
sultsof W99 andconsistentin its upperlimit with Model 1. The normalizationsof the thermal
componentwerealsoconsistentwithin errorbars.Thepower-law photonindex from Model1 was
G= 1:50+ 0:07

� 0:08, vs. G= 1:28� 0:91 from our re�t of theASCAdata,alsoconsistentwithin errors.
W99 hadmaintainedthis componentat a �x edvalueof G= 1:7 for their best-�tting models,but
our re�tted valuewasconsistentwith theW99 �ts for their models2-4. ThoughW99 employeda
power-law componentsplit betweenintrinsicandscatteredemissionwhilewedeterminedthatonly
intrinsicemissionwasnecessaryfor theSuzakudata,thetotalnormalizationof all theW99power-
law componentswas consistentwith our intrinsic power-law normalizationwithin errors. Our
re�tted ASCAvalue(assumingintrinsic emissiononly) wasalsoconsistentwith the W99 intrin-
sic normalizationwithin errors.Re�tting theabsorptionparametersyieldedan ionizedabsorbing
columnof NH � 5:64� 1021cm� 2 andanionizationparameterof x � 97ergcms� 1 . While these
valueswerenot well-constrained,they wereat leastmarginally consistentwith thoseof Model 1.
However, while thepartial-coveringabsorbercolumnwasconstrainedto NH � 15:19� 1022cm� 2 ,
consistentwith Model 1, the covering fraction couldnot be constrained.Thesechangessuggest
thattheabsorbingstructurediffersphysicallyin 2007ascomparedwith 1996.

The iron line complex, by contrast,showed little variation betweenthe two epochs. Our
re�t to the ASCAdatayielded a narrow Fe Ka componentof normalizationK = 1:19+ 0:83

� 0:78 �
10� 5 phcm� 2 s� 1 , consistentwith our SuzakuModel 1 valueand the W99 �t, andstrongly in-
dicatingthatthiscomponent,if variable,is only variableon long timescalesandmustthereforebe
emittedfrom materialfar from theblackhole.W99 reportedthatno broadFeKa line component
wasrobustly presentin 1996,contraryto our �ndings in 2007.Our re�t, includinga laor compo-
nent,doesnot adequatelyconstraintheparametersof thebroadline in 1996,con�rming thenull
resultof W99. This couldmeaneitherthatthebroadline componentwastruly absentin 1996,or
perhapsthatit waspresentata lowernormalizationandeffectively drownedoutby thecontinuum
emission.Giventherapiddecreasein effective areaabove � 5keV andthespectralresolutionof
ASCA, however, it is very likely that the broadiron line componentsimply could not have been
detectedby this observatory, thusrenderingmootany comparisonbetweena broadFeKa line in
1996and2007.
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6. Discussion

Wehaveperformeddetailedspectral�ts to theXIS andHXD/PIN datafrom the101ks,2007
Suzakuobservation of the LINER galaxyNGC 1052. Threedifferentspectralmodelswereem-
ployed: (1) anabsorbedpower-law continuumwith contributionsfrom a soft thermalcomponent
alongwith narrow andbroadFeKa lines; (2) the samemodel,but with anaddedcomponentof
re�ected continuumemissionfrom a neutralaccretiondisk (pexrav ); (3) the samebasemodel,
again,but with amoreadvanced,self-consistentre�ection modelwhich includes�uorescentemis-
sionlinesfrom thediskandtakesionizationinto account(reflion ; seeRoss& Fabian(2005)for
details).In Model3 weappliedrelativistic smearingusingthekdblur model.Because�uorescent
linesareincludedin reflion , thereis no needfor anadditionalbroadiron line componentasin
Model1. Wesummarizeour �ndings below:

� Thethreemodelsarequitesimilar in theirstatisticalgoodness-of-�t,thoughsomeof thedisk
re�ection parametersin Models2-3proveespeciallydif�cult to constrain.

� The continuumis well describedby a componentwith a power-law spectrumof photon
index G� 1:5, thermalemissionwith kT � 0:64keV, a neutralintrinsic absorbingcolumn
of NH � 1023 cm� 2 andacoveringfractionof � 84%,andanionizedintrinsicabsorberwith
NH � 1:37� 1022cm� 2 andx � 68ergcm� 1 s� 1 . These�ndings arerelatively consistent
with thoseof the1996ASCAobservationof W99,thoughourphotonindex is harderandour
absorbingcolumnlower in densityin 2007.

� As in theASCAdata,anarrow FeKa line is present:EW � 111eV.

� Strongevidenceexistsfor abroadenedFeKa emissioncomponent(EW � 185eV). Though
thebeststatistical�t is achievedwith alaor line pro�le, however, theratherbroadconstraint
on theinnerradiusof r in < 45rg rendersit impossibleto distinguishbetweenaspinningand
non-spinningblackhole.

� The PIN instrumentdid detecthardX-ray emissionabove 10keV from NGC 1052. This
emissionis well �t by thepower-law componentof the2� 10keV continuumanddoesnot
show any evidencefor re�ectedemissionvia theComptonhumpthatiscommonlyassociated
with otherAGN harboringbroadiron lines,andexpectedbasedonthepresenceof thebroad
iron line if thetwo featuresarisefrom re�ection ontoa standardaccretiondisk. Neitherof
our re�ection modelsfoundany statisticalevidencefor astrongre�ection component.

� ThoughVLBI observationsof the jet in NGC 1052have constrainedthe orientationangle
of thedisk to be betweeni = 57� 72� , we �nd that removing this constraintin our �tting
yieldsa best-�t inclinationangleof i = 45� 5� , thoughthis doesnot signi�cantly improve
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the global goodness-of-�t. Nonetheless,this resultdoesmark a � 2s deviation from the
radioresults.

These�ndings motivatethreemainquestions:(1) whatis thephysicalorigin of thebroadiron
line in our2007observation;(2) how is it thatwedetecta broadiron line yet no evidencefor disk
re�ection above10keV, and(3) why is thelaor line inclination,whenkeptasa freeparameterin
the �t, not moreconsistentwith thedisk inclinationconstraintsestablishedin radioobservations
of theinnerjet in NGC1052?

As it turnsout, theanswersto thesequestionsmaybecloselyrelated.Relativistically broad
iron linesareexpectedto beassociatedwith pronouncedComptonhumps.Comptonizedre�ection
originatesvia irradiationof theoptically thick inneraccretiondisk by thehardX-ray source,per-
hapsin somesortof lamp-postgeometry, e.g.,thebaseof a jet (Miniutti et al. 2007). This same
processwill alsoproduce�uorescentline emissionfrom the disk, mostnotablythe Fe Ka line,
which will experiencesigni�cant broadeningandskewnessby virtue of its origin from thespace-
time proximal to the black hole (Reynolds& Nowak 2003). The absenceof a Comptonhump,
however, castsdoubton thepresence/contribution of re�ection from thedisk to theoverall X-ray
spectrum.Fromour pexrav model�t (Model3), wecanestimatetheequivalentwidth of theiron
line weshouldexpectif boththeComptonhumpandthebroadline originatefrom disk re�ection.
Usingtheratioof thenormalizationof thepower-law to theupperlimit of there�ectedcomponent
in our �t, we infer that the iron line equivalentwidth shouldbe EW � 80eV if the two features
areindeedproducedby thesamephysicalprocess.This low valueis highly inconsistentwith the
observedstrengthof thebroadiron feature,however.

Relativistic disksmearingis nottheonly processby whichthisspectralline canbebroadened.
In thefollowingparagraphsweconsideranumberof otherphysicalscenarios,including: transition
to anadvection-dominatedaccretion�o w (ADAF) in the innerdisk, resonantscatteringfrom the
putative torusregion, origin of the line in anout�ow locatedin thebroadline region (BLR), and
FeKa producedby Cerenkov line-like radiationratherthan�uorescence.

Oneexplanationfor the lack of anobservedre�ected continuumcouldbethat theaccretion
disk transitionsto a radiatively-inef�cient statewithin someradius,e.g.,Narayan& Yi (1994).
In thisADAF picture,which hasoftenbeeninvokedasapotentialexplanationfor low-luminosity
sources(especiallythosewith observedjet activity), thedisktrapsradiationratherthanreleasingit,
puf�ng up to becomeoptically thin andgeometricallythick asits temperatureandionizationstate
rises.Becauseof theseproperties,thegasin this regionwouldnotbeexpectedto producemuch,if
any, re�ection, eitherin theform of aComptonhumpor discreteemissionlines.If acontributionto
thebroadiron line did somehow arisefrom thisregion,wewouldexpectit to behighly ionized,yet
this is notseenin thedata:ourbroadandnarrow iron line componentsbothhaveenergiesrobustly
lessthan 6:41keV, suggestingthat they arisefrom speciesat or below FeXVII I. We therefore



– 29 –

concludethatanADAF, if present,is unlikely to bea signi�cant contributor to thebroadeningof
theFeKa feature.

Thelack of a Comptonhumpat theexpectedstrengthandthemismatchbetweentheuncon-
strainedlaor disk inclination andthe VLBI valuecausesus to rule out a relativistic inner disk
origin for the broadiron line. We also eliminatea possibleorigin in an ADAF due to ioniza-
tion constraintsandopticaldepthissues.Investigatingotherpossiblesourcesof iron emissionin
the centralAGN leadsus to considerthe role of resonantscatteringin the torus region, which
is thoughtto contribute heavily to the �ux of the narrow Fe Ka line. However, both the large
equivalentwidth andthelargeFWHM velocityof thebroadline componentweobserve(bothsub-
stantiallygreaterthanthev � 2500kms� 1 andEW . 100eV typically associatedwith thenarrow
core,e.g.,Yaqoob& Padmanabhan(2004))renderthisexplanationimplausible.

An AGN out�ow originatingin theBLR is exploredasa possibleexplanationfor the simi-
lar spectrumof NGC 7213(Bianchi et al. 2008). Herea broadiron line with no corresponding
Comptonhumpis alsoobserved, andtheseauthors�nd that the equivalentwidth of the Fe Ka
featureis consistentwith predictionsmadeby Yaqoobet al. (2001)for an origin in the BLR or
perhapsa Compton-thintorus. Further, measurementsof the velocity broadeningof the optical
Ha line concurwith thosemeasuredfrom thebroadFeKa line (v = 2500kms� 1 ), suggestinga
similar origin for the emission.Using the samediagnostic,we estimatethat we shouldexpecta
broadline EW � 75� 100eV if it originatesin anout�ow from thisregion; thisunderestimatesour
observedequivalentwidth by nearlya factorof tenusinga simpleGaussianline to representthe
broadfeature,andby roughlya factorof two if thebetter-�tting (though,in this case,unphysical)
laor line is used.Also, ourestimatedlower-limit FWHM velocityof theline (v � 0:37c) is more
thanan orderof magnitudegreaterthanthepolarizedopticalHa FWHM measurementof Barth
et al. (1999)(v � 5000kms� 1 ). This is a strongindicationthat thebroadFeKa line we observe
originatescloserto the black hole thanthe BLR. Moreover, variability of the broadiron line on
years-longtimescaleshasbeennoted(Kadleret al. 2004c;Roset al. 2007);this typeof variation
would not beexpectedfrom thetypical symmetricBLR, aschangesin �ux dueto passingclouds
in this regionshouldtheoreticallyaverageoutover time.

Finally, we considera moreexotic possibility: perhapsthe broadiron line is producedby
Cerenkov line-like radiationin the centralmostregions of the AGN. You et al. (2003) put for-
wardtheintriguing notionthatin denseregionswheretherefractive index of thematerialis large,
relativistic electronsimpinging upon this materialcan produceCerenkov radiationin a narrow
wavelengthrangevery closeto the intrinsic atomicwavelengthof thematerial.Thecombination
of absorptionandemissioncausesthe�nal emissionfeatureto beredshiftedandskewed,making
it appearvery likea relativistic line producedby �uorescencein theinneraccretiondisk. Because
electronsareproducingtheemissionratherthanphotons,no re�ectedcontinuumis expected.The
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cool, dense,iron-rich gasin the disk of NGC 1052could provide the mediumfor this process,
while relativistic electronsin thecoronaor nearthebaseof thejet would make for anidealbom-
bardmentpopulation.Furthermore,this physicalpicturemakesfor a muchmoreconsistentmatch
with our estimateof the distanceof the broadline region of origin from the hardX-ray source:
our lower-limit FWHM velocity for the broadGaussian�t to the line yields v � 0:37c, which
correspondsto anupper-limit distanceof d � 8rg. This is well insidetheBLR.

Givenourconstraintonthedistanceof thebroadiron line emitterfrom thehardX-ray source,
iron �uorescencefrom thebaseof thejet itself is alsoapotentialcandidatefor theemissionmech-
anism.However, consideringtheorientationof thejetsobservedin NGC1052to our line of sight,
it is unclearwhetherany �uorescentemissionfrom the jet basecouldescapethesystemwithout
beingabsorbed.Correlatedradio�ux measurementsfrom thebaseof thejet andX-ray spectraof
this sourcemustbeexaminedover severalepochs,simultaneouslywhenever possible,in orderto
assessthelikelihoodof thisscenarioaswell asthatof theCerenkov line-likeradiationproposedby
Youetal. (2003).Only throughacoordinatedstudyof thejet andtheaccretion�o w in NGC1052
canwehopeto understandtheconnectionbetweenthesetwo vital physicalprocessesin AGN.

7. Conclusions

Our 2007Suzakuspectrumof the LINER galaxyNGC 1052is consistentwith X-ray spec-
tra of this sourcefrom previous epochs,with a fairly �at power-law continuumthat is heavily
absorbed.Intrinsicneutralandionizedcolumnsaredetected,alongwith evidenceof Galacticpho-
toabsorption.A thermalcomponentis alsodetected,likely dueto the interactionof the jetswith
thesurroundingISM. Bothnarrow andbroadiron linesareobserved,thoughinterestinglythereis
little to no re�ection seenin thespectrumabove10keV: two differentmodelsusedto characterize
this featurebothrequireRre� < 0:01.

We are thus facedwith a complex scenariofor NGC 1052 in which the broadiron line is
not consistentwith the lack of observedcontinuumre�ection from thedisk. While it is possible
that there�ection hasbeendrownedout in someway by thepower-law continuum,we mustalso
considerthephysicalimplicationsif re�ection is indeedabsentabove 10keV. It couldbethatwe
arewitnessingthetransitionof theaccretion�o w to a radiatively-inef�cient stateat somecritical
radiusin the disk, which could largely eliminatere�ection featuresfrom the spectrum.A broad
iron line is still produced,however, andthevelocity width of the line is consistentwith anorigin
closeto the black hole. If the inner disk is an ADAF, it is possiblethat the broadFe Ka line is
emittedfrom optically-thickmaterialnearthe baseof the jet, or perhapsfrom a yet moreexotic
mechanismsuchastheCerenkov-like line radiationpostulatedby You et al. (2003).Coordinated
observationsof boththeinnerjet(s)(radio)andtheinneraccretion�o w (X-ray) areneededin order
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to solve thispuzzle.
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