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ABSTRACT

We presentananalysisof the 101ks, 2007 Suzakwspectrunof the LINER galaxy
NGC 1052.The0:5 10keV continuumis well-modeledby a powerlaw continuum
modi ed by Galacticandintrinsic absorptionandit exhibits a soft, thermalemission
componentoelon 1keV. Both a narrav core and a broadercomponentof Fe Ka
emissioncenteredat 6:4 keV arerobustly detected.While the narrav line is consis-
tentwith anorigin in materialdistantfrom the black hole, the broadline is best t
empirically by a modelthat describesuorescentemissionfrom the inner accretion
disk arounda rapidly rotatingblack hole. We nd no evidencein this obsenationfor
Comptonizede ection of the hard X-ray sourceby the disk above 10keV, however,
which castsdoubt on the hypothesighat the broadiron line originatesin the inner
regionsof a standardaccretiondisk. We explore otherpossiblescenariogor produc-
ing this spectrafeatureandconcludethatthe high equivalentwidth (EW  185keV)
andfull-width-half-maximumvelocity of the broadiron line (v 0:37c) necessitate
anoriginwithind  8rq of thehardX-ray source Basedonthecon rmed presencef
astrongradiojet in this galaxynucleusthe broadiron line maybe producedn dense
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plasmanearthe baseof thejet, implying thatemissiormechanism thecentralmost
portionsof active galacticnucleiaremorecomple thanpreviously thought.

Subjectheadings: galaxies:indvidual — accretion,accretiondisks — black holes—
galaxies:nuclet X-rays:spectra

1. Intr oduction

Sincetheir rst identi cation asaninterestingclassat opticalwavelengthgHeckmanl1980),
the natureof Low lonization NuclearEmissionRegions (LINERs) hasremainedelusive. Many
suchregions are associatedvith active galacticnuclei (AGN), thoughtheir X-ray luminosities
arehighly sub-Eddingtorandsigni cantly below thoseof their Seyfert galaxycounterpartsThe
reasonfor this modestnuclearenegy outputremainsunknown: possibilitiesinclude heary ab-
sorptionof the nuclearemission,comparablyinef cient radiationof the accretion o w, or some
combinationof both.

Thenotionof anadwection-dominatedccretiono w (ADAF) mayapplyin LINERs,wherein
theionslosethermalcontactwith the electronsandonly a smallfraction of the dissipatecenegy
is radiated(Reeset al. 1982;Narayan& Yi 1994). Much controversyremainsasto whetherthis
pictureis correct,however, andthe debatehasbecomemorepointedsincethereportby Ho etal.
(1997)thatsome20 30%of all galaxiesarememberof the LINER class.

X-ray spectroscop canhelpin determiningwhetherthe accretiondisk is in an ADAF state
or not. A LINER galaxyharboringan AGN producesa characteristidardX-ray continuum.If the
accretiono w closeto theblackholeconformsto the conventionalthin disk archetyp&Shakura&
Syuryaer 1973),thecool gasorbitingin theinnerdisk shouldinterceptandreprocesa signi cant
fractionof the continuum alsoproducingthe Fe Ka line (amongmary uorescentemissionines
from otherspeciesaswell). This spectrafeatureshouldhave abroadenedskewedpro le created
by therelatuvistic propertieof thespacetimeloseto theblackhole,andasigni cant Comptonized
re ection componentshouldbe seenin the continuumabore 10keV aswell. If, however, the
accretion o w in this region takesthe form of an ADAF, the ion temperatures so high thatthe
iron ions shouldbe totally strippedof electrons. Furthermore the trappedenegy will puff up
the disk, reducingits densityand optical depth. Both of theseconditionsrenderthe re ected
emissionjncludingthe emissionof Fe Ka, virtually non-&istentin this region. In this caseonly
contributionsto the FeKa line from otherlocations(e.g.,from a disk wind, the outerdisk, broad
line regionor putatve moleculartorus)will manifestandtheline maylik ely have amuchnarraver
pro le asaresult.

The LINER galaxyNGC 1052is an interestingcasein which to studythe dynamicsof the
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accretiono w. TheAGN is housedyy anearbyelliptical hostgalaxywith aredshiftof z= 0:0049
(Knappetal. 1978),implying a distanceof 20:7 Mpc usingWMAP cosmology Thesourcehasa
well-studiedLINER optical spectrum(e.g.,Gabelet al. (2000)),andis alsoreasonablybright in
the X-ray bandfor aLINER, with anaverage2 10keV ux of F, 19 5 10 2emgcm 2s 1.
Usingthe M s relationof Tremaineet al. (2002) andthe stellarvelocity dispersionof Nelson
& Whittle (1995), Woo & Urry (2002)derived a black hole massof Mgy = 1:54 10°M for
NGC 1052,andabolometricluminosityof Ly = 6:92 10*3emys ! using ux integrationoverits
spectraknegy distribution. Combiningtheseresultswith thederved Eddingtonluminosityyields
anestimatedccretioref ciency for theblackholein NGC 10520f h  0:004,in Eddingtonunits.
Thisis consistentvith generaresultsfrom LINERs. The sourceis known to be heavily absorbed
basedon the presenceof HoO megamasersn its core (Braatzet al. 1994), which lie alongthe
direction of a radio jet also presentin the galaxy (Clausseret al. 1998). RecentVLBI studies
have constrainedhejet inclinationangleto lie betweerb7 72 to ourline of sight(Kadleretal.
2004b),implying that the jet emissionis de-beamedand suggestinghat the bulk of the X-ray
emissions notproducedy thejet.

The obsened X-ray spectrumof NGC 1052is quite at (for the powerlaw componenif
theemissionG 0:2 1.7, dependingnthedataandmodelsused)andappearso bedominated
at lower enegiesby thermaland/orphotoionizedemission(Weaver et al. 1999; Guainazziet al.
2000;Kadleretal. 2004a).The sourceof this soft emissionis lik ely theinteractionof thejet with
the surroundinglSM (Kadler et al. 2004a),while the powerlaw componentt harderenegiesis
thoughtto originatefrom nuclearemission.RadiocontinuumandRXTEmonitoringbothshaw that
the sourcevariesstronglyon time scalesof weeksto months.The2 10keV ux, in particular
variesbetween 4 9 10 2egcm 2s 1, andthoughtherearelargeuncertaintiesn theRXTE
data, the spectrumappeardo switch from softerto harderstates,correspondingo changesn
overallsourceux (Kadleretal., in prep.).

A prominentFe Ka line hasbeenpreviously obsenedin the sourceby ASCA(Wearer et al.
1999), BeppoSAXGuainazziet al. 2000), XMM-Newton (Kadler et al., in prep.),and Chandia
(Kadler et al. 2004b;Roset al. 2007). Of theseobsenations,a broadenecomponento the Fe
Ka line wasseenwith BeppoSAXand XMM-Newton Giventhelow accretionrateof NGC 1052
— ascenariovhich haslong beenthoughtto produceADAFs, e.g.,Narayan& Yi (1994)— it is
naturalto speculatentheorigin of thebroadiron line. Thespectraktateof NGC 1052is in mary
waysanalogougo the low/hardstateobsenedin X-ray binaries(XRBs). Contraryto the ADAF
paradigmMiller etal. (2006)reportedhatXMM-Nenvtonobsenationsof therelatvistically broad
FeKa line in the low/hardstateof XRB GX 339—4showved a standardhin disk remainingat or
nearto the innermoststablecircular orbit (ISCO), at leastin bright phasesf the low/hardstate.
The authorsthereforearguedthat potentiallinks betweerthe inner disk radiusandthe onsetof a
steadycompaciet, andthe paradigmof aradially recessedlisk in the low/hardstate,do not hold
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universally Note, however, thatGierlihski et al. (2008) cautionedagainstusingonly the shapeof

theFeKa lineto determingheradiusof thelSCO,suggestinghattheseaesultscanbesigni cantly

underestimatednlessirradiation from the enegetically dominanthot plasma(alongwith other
spectrakeffects)is takeninto account.If thebroadiron line in NGC 1052doesoriginatefrom the
accretiondisk, however, thenthis spectrafeature coupledwith detailedVLBI obsenationsof the

innerjet (Kadleretal. 2004a,b) may offer a uniqueopportunityto studythe connectiorbetween
theaccretiono w andjet productionin AGN.

A link betweeraccretionandjet actiity in AGN hasbeennotedin theradiogalaxies3C 120
(Kataokaet al. 2007;Marscher2006; Marscheret al. 2002)and3C 111 (Marscher2006). While
Marscheretal. have noteddipsin the X-ray light curvesof thesesourcesorrelatedwith ejections
of superluminaknotsin theradiojet, suggestinghata portionof theinnerdiskis disturbedduring
an ejectionevent, theseresultsfall shortof mappingout the physicalstructureof the disk at the
time. However, Kataokaet al.obsered a broadFe Ka line in 3C 120 with Suzakun both the
highandlow ux statesof the source. This discorery demonstratethe viability of studyingthe
accretiono w andthejet actiity of radio-loudAGN simultaneouslyandwill hopefully pave the
way for new insightsinto thefundamentalink betweerthesetwo processes.

Herewe discusghe analysisof our 2007 Suzakwbsenationof NGC 1052,which offersthe
highestquality X-ray spectrunof this galaxyto dateandgivesusanunprecedentedimultaneous
view of the0:5 35keV enegy range.NGC 1052is oneof a smallhandfulof AGN sufciently
brightin both the X-ray andradio bandsfor testsof a jet/disk connection.Additionally, it is the
only sourcefor which we will have a full packageof multi-epochX-ray spectraldata,X-ray and
radiolight curves,andVLBA imagingwithin a commontime window andwith ananalysisby a
singlecollaboratve group.A forthcomingpapemwill provide full detailsof thisongoingcampaign,
placingour Suzakuesultsin the context of prior X-ray andongoingradio analysisof this source
(Kadleretal., in prep.).

Our Suzakwbsenationof NGC 1052andthedatareductionwill bedetailedin Section2. We
discussvariability over the courseof the obsenrationin §3. Our approactho the spectraltting of
thetime-averageddataandthe resultsof this analysisfor boththe XIS andthe HXD/PIN instru-
mentsarepresentedn 84. We examinethe Fe Ka region at lengthin 84 aswell. A comparison
with resultsfrom previous epochsappearin 85, andwe discussour resultsin context in 86. Our
conclusionsomprise§7.
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2. Obsewvations and Data Reduction

We obsened NGC 1052 for a total of  101ks from 16-18 July 2007 with Suzakun the
HXD nominalpointing position. Reductionof the Suzakuwdatafollowed the proceduresutlined
in §4.7 and §4.8 of the SuzakuABC Guide, available online!. Calibration les usedwerethe
latestversionasof thetime of this writing (January2009). This calibrationwasincorporatednto
the X-ray ImagingSpectrometefXIS) datareductionusingthexispi taskontheun ltered data.
Oncecleanedthe event les for the XIS 0, XIS 1 (XIS 2 becameadefunctasof Nov. 2006)and
XIS 3 detectorswvereloadedinto XSELECT for reprocessinglmageswereextractedthatenabled
identi cation of sourceandbackgroundegions. As pertherecommendations the ABC Guide,
we employedacircularsourceregion  250°4n radius,andmaximizedour backgroundegionarea
while avoiding the calibrationsourcesat the cornersof eachdetectorchip. After spatial Itering
was applied,spectraandlight curveswere extractedfor eachof the operationakhreedetectors.
Responsenatricesand ancillary responseles were generatedisingthe xisresp  task,andthe
spectrabackgroundsandresponsesor the front-illuminatedchips (XIS 0 and XIS 3) wereco-
addedo increasehesignal-to-noiseisingaddascaspec . Thespectrabackgroundsindresponses
werethenrebinnedby a factorof eight(to 512 channelsusingtherbnpha andrbnrmf tasksto
speedspectraltting. Finally, thespectrapackgroundsindresponseweregroupedogethemsing
thegrppha task. Only spectralchannelswith with a minimum of 20 cts/binwereusedfor tting
in orderto ensurghevalidity of the chi-squaredtatistic. This correspondetb anenegy rangeof
0:7 9keV for the XIS 0+3 data(32113total counts)and0:5 7keV for the XIS 1 data(16146
total counts).

Suzakudid obsene NGC 1052with thesilicondiodePIN instrumenbf theHardX-ray Detec-
tor (HXD), butthe GSOcrystalscintillatorinstrumendid nothave enoughcountsto provide useful
data.The PIN datawerereducedusingthe“tuned” calibration les for the non-X-raybackground
(NXB) andtheresponseles thathadbeengeneratedor the periodsurroundinghe obsenation.
These les weredownloadedfrom the SuzakuGuestObsenrer Facility (GOF) for use. We rst
neededo ensurethat only the portion of the NXB coincidentwith our obsenation wasusedin
processingsowe meigedthegood-timeinterval (GTI) of theNXB with thatof our screenedvent

le to yield a commonGTI usingmgtime . With XSELECT, we then ltered the dataand back-
groundusingthiscommonGTI andextractedour spectraandlight curvesfor the sourceandNXB.
We correctedfor deadtime in the obsenation usingthe hxddtcor task,andincreasedhe expo-
suretime of the NXB databy a factorof tento compensatéor thein ated eventrate,which had
beensimilarly multiplied in aneffort to suppres$oissomoise.As for the XIS data,only spectral
channelsvith with a minimumof 20 cts/binwereusedfor tting, which limited our enegy range

http://neasarc/docs/suzaku/analysis/abc/ndue..
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to 12 35keV. After reductionand ltering, the PIN spectrumhad35705total countsover this
enegy range.

The cosmicX-ray background CXB) hasnot beentakeninto accountin PIN obsenations,
soto modelit appropriatelywe simulatedthe CXB spectrumin xsPeC (Arnaud 1996)usinga
power-law modelof G= 1:29with a high enegy cutoff andfoldE= 40keV (initial parametersre
givenin the ABC Guide).We thenfoldedthis modelthroughtheresponsee for thePIN at eld
for an exposuretime of 10° s to generataghe simulatedCXB data. This spectrumwasthenread
backinto x sPEcC with thePIN responséor our obsenationandtheoriginalmodelwasre tted over
12 35keV toyield theactualparametersf the CXB duringthistime. In our casethesimulated
CXB spectrunrcontrituteda countrateof  2:28 0:02 10 2ctss 1 ( 5%)to thetotal X-ray
backgroundrom 12 35keV. In modelingthe PIN datawith X sPEC, we appliedthebest- t CXB
parametersisa constantwith eacht. The CXB followeda power-law form with a high-enegy
cutof: G= 1:30 0:19,Kpo= 813 3:07 10 *phcm 2s 1, foldE= 4053 15:93keV. The
PIN instrumentdetectedhe sourceabove the (NXB+CXB) backgroundata > 10s level in our
obsenation.

3. Timing Analysisand Variability

No signi cant changeswere seenin the countratesof ary of the XIS instrumentsor the
PIN instrumentover the courseof the obsenation. Fig. 1 depictsthe light curvesfrom XIS 0,
XIS 1 and XIS 3, aswell asthe combinedXIS light curve vs. that of the PIN. While small
variationsin countrate(over 10*stimescalesyvereseenin both datasets,neithervariedmore
than a factor of two from its baseline ux throughoutthe obseration. This ux wasroughly
0:07ctss ! for thePIN and0:38ctss 1 for thecombinedXIS data(0:16 for XIS 0, 0:14for XIS 3
and0:21 for XIS 1). Fitting the combinedXIS light curve to a constanimodelresultedin c?=n =
227=236(0:96) (wheren denoteghe numberof degreesof freedomof the model: n = # detector
channels # freemodelparametersandanuncertaintyof < 0:01ctss ! onthe0:38ctss ! count
rate. The PIN light curve t to a constaniwasnotasgooda t atc?=n = 351=245(1:43), with
the uncertaintyin its 0:07ctss ! countrateat< 0:005ctss 1. We alsocomputedthe hardness
ratiovs. time for the combinedXIS data,whichis consistentvith unity asonemight expectfor a
sourcewithout signi cant variability over the courseof the obsenation: HR= 1:02 0:02, with
c?=n= 101=71(1:42). Examiningthehardnessatiovs. softbandcountrate,we noteasigni cant
anti-correlationbetweerthe two: NGC 1052becomedarderasthe source ux decreasesThis
variationis bestt with alinearmodel: HR= m( ux ) + b, whereHR denoteghe hardnessatio,
“ux” is the soft bandcountrate, m is a multiplicative term and b is a constantterm. For the
combinedXIS datam= 8:35 2:3landb= 1:92 0:25,with c2=n= 66=71(0:93). We have
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plottedthe hardnessatio vs. time andvs. soft countratein Fig. 2.

This hardeningof the sourcewith decreasedountratedemonstrates) a model-independent
waythatthe spectralariability of of NGC 1052in X-raysis consistentvith thebehaior obsenred
in otherSeyfert or Seyfert-like AGN (e.g.,Papadakisetal. (2002);Markowitz & Edelson(2004)),
and contrastswith the behaior obsered in jet-dominatedAGN (e.g.,Zhanget al. (2006)). In
otherwords, the anti-correlationof the hardnessatio with the source ux con rms thatthe bulk
of the X-ray emissionn NGC 1052is not producedoy the jet. We have plottedthe hardnessatio
vs. time andvs. soft countratein Fig. 2.

Theoverall 2 10keV source ux did not vary signi cantly, averagingto F» 19 = 5:37
10 2egcm ?s 1 (absorbed)This wassplit betweerthe continuumandthe FeK lines, where
the continuum ux averagedFeont= 4:86 10 2emgcm 2s 1 andthatof the combinedbroad
andnarrav FeKa linesaveragedFee= 5:10 10 Bemgcm 2s 1. Theaverageunabsorbe@
10keV ux at the distanceof NGC 1052,F> 10= 8:96 10 2emcm 2s 1, worksoutto an
intrinsicluminosityof L, 10= 4:60 10*erys ! usingcosmologicaparametersonsistentvith
the WMAP5 L CDM-modelresults,within errors: Ho = 70kms 1Mpc 1, gg= 0:00andLg =
0:73. Theseresults,andthe modelsusedto derive them,arepresentedn moredetailin 84.

4. Spectral Analysis

We beganour analysisof the 2007 Suzakuspectrumof NGC 1052 by examiningthe data
from the operationalXIS detectors We usethe goodsignal-to-nois®:5 9:0keV datato extract
informationaboutthe underlyingcontinuum ary softexcessemissiontheFeK line comple< and
ary intrinsic absorptionn the system.NGC 1052is thoughtto exhibit evidencefor anAGN disk
(thebroadFeKa line) andjets(radioobsenations),aswell assubstantialextendedsoft emission.
As such,we expectedhespectrunto beaconglomerat®f all of thesefeaturesinceSuzakuacks
the spatialresolutionnecessaryo physicallyseparate¢hem.

We alsoanalyzedhe HXD/PIN spectrunfrom 12 35keV in orderto learnmoreaboutthe
natureof the continuumandto constrainthe amountof re ection seenin the source.Becausea
broadiron line componenhasbeenobsenedin NGC 1052in the past(Guainazziet al. 2000),
we expectedthatresidualemissionabove a powerlaw shouldremainat high enegiesdueto the
presencef theso-called’‘Comptonhump” Thisfeaturehasbeennotedin many AGN with broad
iron lines (for a review, seeReynolds& Nowak (2003)), representingComptondown-scattering
of the hard X-ray photonsby the materialin the disk. This Comptonhump typically peaksat

20 30keV, andis thoughtto go hand-in-handvith the presencef a broadiron line, asboth
spectrafeaturesarisefrom the samephysicalprocesf re ection.
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4.1. XIS Continuum

Beforetheiron line region couldbe consideredit wasnecessaryo rst accuratelynodelthe
underlyingcontinuumof NGC 1052. We beganby ignoring the enegy rangewheretheiron line
is thoughtto beimportant(3 7keV)andmodeledhe0:5 3and7 9keV enegy bandswith a
simplepower-law modi ed by GalacticphotoabsorptioiNy = 2:83 10°°cm 2, asperKalberla
etal. (2005)). Theresultwasapoor t: c¢?=n= 840=361(2:33). Largeresidualgemainedat both
highandlow enegies(seeFig. 3), andavery hardphotonindex for thepowerlaw componentvas
seen:G= 0:34 0:12. Toaccounfor differencesn calibrationbetweerthe XIS 0+3andtheXIS 1
detectorswe multiplied eachdatasetby a constantross-normalizatiofactor This constanivas
heldat 1:00for XIS 0+3,andachiezedabest- t valueof 0:94 0:01for the XIS 1 data.

An apparensoft excesswasclearly visible belov  1:5keV (seeFig. 3). To mitigatethis
residualfeaturewe incorporateda thermalmekal componentMewe et al. 1985). The t im-
proved dramaticallyto c?=n = 381=358(1:06) (Dc’*=Dn=459= 3, or animprovementin the
global goodness-of- thy 459 chi-squaredooints for an additional3 degreesof freedom),with
KT = 0:6 0:05keV anda solaralundanceor the mekal component.This componenhasbeen
notedin previous X-ray analyse®f NGC 1052by Kadleretal. (2004b)with Chandia andWeaver
etal. (1999)with ASCA(hereafteW99), andthetemperaturend ux obtainedfrom our Suzaku
t arecomparabléo bothvaluesin bothpreviousworks. This thermalemissionmostlik ely origi-
natesn extendedemissioraroundthenucleudrom theinteractionof thejetswith thelISM (Kadler
etal. 2004b). Residualsstill remainedat low enegies, however, sowe addedin a secondmekal
componen{with analundanceequalto thatof the rst) to try to accountfor thesefeatures.Al-
thoughmaginal improvementin the overall goodness-of- twasseen(Dc?>=Dn=  12= 2), the
addition of this secondthermalcomponentenderedhe parameter®f both mekal components
unconstraineth anerroranalysis.We thereforeremovedthe secondhermalcomponentThough
modestresidualsremainedat selectenegies, no statisticallysigni cant improvementin t was
achiezed with the additionof discreteGaussiarcomponentsasonemight expectin a photoion-
ized plasma,or with allowing the abundanceof the mekal component(sjo vary. Alternatively,
we alsotried to accountfor this excesssoft emissionwith a secondpower-law, with andwithout
further absorption.Both modelsexhibited signi cantly poorer ts thanthatof the single mekal
component.

BecausdNGC 1052is alsoclassi ed asa Seyfert 2 galaxy it is reasonabléo assumehat
someintrinsic absorptionexists in or aroundthe nuclearregion. Suchabsorptioncould play a
signi cantrolein thespectraturvatureseensoit mustbeproperlyaccountedor in thecontinuum
model. We employed a partial-corering absorbei(zpcfabs ) intrinsic to the sourceto modelthis
componentapplyingit only to the power-law andothercomponent®f nuclearAGN emissiorand
not to the extendedmekal components.A statisticallysigni cant improvementin t wasseen:
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c?=n = 335=356(0:94), with Ny = 1:08 0:15 10°3cm 2 andacoveringfractionof 84 2%.
This marked animprovementin t of Dc?>=Dn= 46= 2. With the inclusionof this intrinsic
absorption,the powerlaw photonindex increasedo G= 0:80 0:09. This was a signi cant
increasan photonindex from the t withoutintrinsic absorption.

Physically this continuummodelandits parametersvereroughly comparableéo thosewhich
were t for the 1996 ASCAobsenationof the source(W99) andthe 2000BeppoSAXbsenation
by Guainazziet al. (2000)— hereafterGO0 — althoughthe photonindex of the powerlaw is
considerabhharderandtheintrinsic absorptionessdensdn this 2007obsenation. A modelwith
a dual neutralabsorbemodifying intrinsic plus scattere¢power-law componentsasin W99 and
G00did notimprovethe t, statistically;morewer, the parametewaluesof the secondpower-law
andabsorbecouldnotbe constrained.

Evenaftermodelingtheneutralabsorptiorin thesystemsomeresiduakpectracunaturestill
remainedaround2 3 keV, indicatingthatsomefurthercomponenbf absorptiorik ely remained
unmodeled.We appliedthe simpleionizedabsorbemodelabsori  (Zdziarskietal. 1995)to the
nuclearemissionand noteda marked visual improvementto the t from 2 3keV, aswell asa
smallimprovementin the global goodness-of- tto c?=n = 325=354(0:92), an improvementof
Dc’=Dn= 10= 2. Thisabsorbewasreasonablyhick andmoderatelyionized,with acolumn
densityof Ny = 1:37 0:02 10%2cm 2 andanionizationparameteof x = 68 7ergcm s 1.
With the addition of this componentthe power-law photonindex increasedo G= 1:50 0:02.
Thisvaluelieswithin reasonablegxpectedphysicalimits for the X-ray continuumof anAGN. Our
basecontinuummodelthereforeincludeda powerlaw modi ed by intrinsic absorptiorfrom both
acold, patchyabsorbeanda moderatelyionizedabsorbewf smallercolumndensity alongwith
extendedthermalemission All modelcomponentsvereaffectedby Galacticphotoabsorption.

4.2. The FeKa Line

Having t the continuum,we thentook the enegiesfrom 3 7keV backinto consideration
andattemptedo modelthe prominentresidualsremaining,highlightedby a strongemissionfea-
turecenteredct6:4keV in therestframethatwasassumedo beneutralFeKa (seeFig. 4, top). We
beganby holdingthe continuumparametersonstantexceptfor normalizationsandthepower-law
photonindex, andre tting. Thestrongresiduakt6:4keV remainedappearindo haveabroadened
redwing associatedvith it thatextendeddovnto  4keV. Forthis t, c?=n= 711=631(1:13).

To accountfor the strongemissionfeatureof 6:4keV, we initially assumedomecore con-
tribution from neutralFe Ka outsideof the inner accretiondisk in distantmaterial. This would
producea relatively narrav emissionline, beingoutsidethe region whererelatvistic broadening
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Fig. 4.— Top: The residualemissionfeatureremainingafter tting the continuumof the NGC 1052
SuzakIXIS data,asper84.1. Notethe prominentpeakcenteredat 6:4 keV in therestframeandthe excess
emissionextendingdown to  4keV. c?=n = 711=631(1:13). Middle: Residualsemainingafter tting
only the narrov Fe Ka core. Evidencefor a broaderfeatureis clear c?=n= 584=629(0:93). Bottom:
Residualsemainingafteralaor line (Laor1991)wasusedto modelthebroadFeKa emissiorline aswell.
c?=n = 561=625(0:90).
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becomesmportant. Insertingsucha line (s = 5eV, intentionallylessthanthe resolutionof the
XIS in orderto make the line truly narraw) into the modelyieldeda vastimprovementin t to
c?=n= 584=629(0:93) for Dc’>=Dn= 127= 3overthecasewith noline presentTheenepy of
theline wasconstrainedn the t toE = 6:39 6:41keV, indicative of neutraliron, andthefeature
hadanequivalentwidth EW = 88 134eV. Thesegparameterangesarequotedat90%con dence
for oneinterestingparameterthis con denceinterval appliesto all parameterangegjuotedin this
Section.Thebroadresidualenteren 6:4 keV still remainedhowever (seeFig. 4, middle).

We attemptedo modelthesebroadresidualsthree separatevays: with a broad Gaussian,
with a diskline  componentepresentingemissionfrom the inner disk arounda Schwarzschild
black hole (Fabianetal. 1989),andwith alaor componentepresentinggmissionfrom theinner
disk arounda maximally-spinningKerrblackhole (Laor 1991).Eachline wascenteredt 6:4 keV
in the restframe, correspondingo neutralFe Ka. The Gaussiarcomponentmproved the t
by Dc?=Dn= 13= 2toc?=n= 571=627(0:91), andwasquite broad:s = 642 852eV. Its
equialentwidth of EW,0ag= 166 236eV wasslightly smallerthanthatof previousobsenations,
e.g.,W99andG00,in whichEW,0ag  300eV. Relaxingtheenegy constrainof theline resulted
inE =541 5:88keV,withs =780 1300eV andEW0ag= 359 390eV, thoughsigni cant
residualsstill remainedon the red wing of the line. We thenturnedto diskline  andlaor in
thehopeof modelingthe underlyingbroadfeature recognizingthatthesemodelsassumehatthe
broademissionoriginatesin the inner accretiondisk, which may not be the caseif NGC 1052
harborsan ADAF.

The diskline  modelyielded c?=n = 574=625(0:92), which is not signi cantly different
from the Gaussiant (Dc?=Dn= +3= 2), statistically thoughit did accountfor more of the
residualsbelon 6keV. VLBI obsenationsof the radiojet on sub-parsescaleshave constrained
theinclinationangleof theaccretiordiskto bebetweerb7 72 relativeto ourline of sight(Kadler
etal. 2004b),so we appliedtheseconstraintdo the model. Our best t yieldedanaccretiondisk
emissvity index of a = 1:69 3:69 (wherethedisk emissvity ey r 2) andaninnerdisk radius
of rin < 26rg (Whererg = GM=c?), but the inclination angle could not be further constrained.
We held the outerradiusconstantat ro,t = 400rg, sinceit wasunableto be constrainecandour
emissvity index dictatedthatthis radiussafelyencompasseall of the relevantemissionfrom the
disk. Fixing theinclinationangleto anaveragevalueof 65 andtheemissvity index of thediskto
a“typical” Seyfert AGN valueof a = 3 yieldedno signi cant improvementin t or changen the
othermodelparametevalues.andonly resultedn aconstrainbntheinnerradiusof disk emission
of rip= 11 52rq.

Thelaor modelprovidedthe beststatisticalt at c?=n= 561=625(0:90), animprovement
of Dc?>=Dn=13=0Ooverthediskline =~ modelandDc?>=Dn= 10= 2 overthebroadGaussian
line model. Thelaor modelalsoappearedo be mosteffective at reducingthe residualsbetween
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4 TkeV (seeFig. 4, bottom). Keepingthe samedisk inclination constraintamentionedabove
for thediskline  model,we againcould not further constrainthis parameterbut we notedthat
the emissvity index of the disk wasfairly centrally concentratecit a = 1:53 5:10, while the
inner radiusof emissionis only mildly constrainedwithin riy, = 8:93 45:10ryq. The equialent
width of the broadiron line herewasfoundto lie within EWpr0ag= 110 297eV. Interestingly
whenwe relaxed the constrainton the inclination angleof the disk we obtaineda best- t value
ofi=45 5 ;thisisroughlya 2s deviationfrom theradioconstraints.Fixing theinclination
angleandemissvity index asabove for the diskline  caseworsenedhe global goodness-of- t
by 22 chi-squarepointsfor 2 fewer degreesof freedom(Dc?=Dn= +22=+ 2) andno signi cant
improvementon the constrainffor theinnerradiusof disk emissioniri, = 13 44ry,.

Thelaor t wasaslightimprovementoverboththe Gaussiaranddiskline  modelsthough
it shouldbe notedthat the uncertaintyof the rj, parametereffectively rendersit impossibleto
meaningfully distinguishbetweenthe diskline  andlaor modelsbasedon the Fe Ka pro le
alone. If thelaor model t could betterconstrainthe inner disk radiusto ri, < 6rg (indicating
that an optically-thick disk extendsdown to small radii), it would suggesthatthe black hole at
the centerof NGC 1052 s rapidly rotating, as mary theoriesexpectfor a sourcethat powers
relatvistic jets (e.g.,Blandford& Znajek(1977);Meier et al. (2001); Hawley & Krolik (2006)).
We cannotmale this statementinequvocally basedon our data,howvever. Thedata t with this
laor modelareshavnin Fig.5. The nal best- t modelparameterandtheirerrors,incorporating
theHXD/PIN dataaswell, arepresentedn thefollowing Sectionwithin Tablel asModel 1.

Absorptionhasoftenbeensuggestedsanalternatve to broadiron emissionvhenattempting
tomodelenhanced@pectraturvaturein the4 7keVrange(e.g.,Kinkhabwala(2003)).To address
this possibility, we comparedur bestlaor t above to a modelin which we removedthe broad
iron line andreplacedt with a secondabsorbegowerlaw component.Theresulting t yielded
c?=n = 582=627(0:93), asopposedo the c2=n = 561=625(0:90) achieved with the nal laor
model(Dc?=Dn= +22=+ 2), andleft signi cant residualsaroundé:4 keV andbelown. Moreover,
the parametewaluesfor boththe partial-coveringabsorbeandthe power-law componentsrenot
constrainedn the t. Themodelsemplgying broademissionlines unquestionablyrovide better
statisticalandvisual ts to thedata.

4.3. Addition of the HXD/PIN Data

AddingtheHXD/PIN dataonto thecombinedXIS 0+3andXIS 1 spectrawe noticedthatthe
signal-to-noiseatio deterioratedigni cantly above  35keV andbelov  12keV. As such,we
restrictedourenegy rangefor thisdetectoto 12 35keV, applyingaconstantross-normalization
factoraswe did with the XIS 1 dataset.In this casewe useda parametewalueof 1:18in keeping
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Fig. 5.— Thebest- tting modelfor the XIS data. This modelincludesa powerlaw continuummaodi ed

by intrinsic absorptionfrom a partial-cavering neutralmaterialaswell asa mildly ionizedgas,extended
thermalemissionandbothbroadandnarrav component®f neutralFe Ka. The spectrums alsomodi ed

by Galacticphotoabsorptionc?=n = 561=625(0:90). Thered,blackandgreencolors/linesarethe sameas
in Fig. 1.
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with thevalueexpectedor the HXD nominalpointing position.

We consideredhe combineddatare tted with Model 1 (photoabsorbegower-law, a partly-
ionizedabsorbeanda partial-corering neutralabsorbersoft thermalemission narrov andbroad
FeKa components)includingnore ection componenabove 9keV. Fig. 6 shavsthedata,model
andresidualdrom this t, whichyieldsc?=n= 660=685(0:96). Theinclusionof the high-enegy
dataleft the2 9keV parametereffectively unchangedrom their valuesin the t without the
PIN data. If asigni cant ux contribution from re ection is presentasonemight assumef the
broadiron line hasanoriginin arelatvistic accretiondisk, we would expectto seesomeexcessn
theemissionover 9keV relative to Model 1. No suchfeaturewasdetectedhowever.

Tablel shonsthefull 0:5 35keV t with 90%con denceerrors.

4.4. Alter native Continuum Models

Thoughno evidencefor Comptonizedre ection is apparentto the eye above 9keV, it is
nonethelesgmportantto try to placeupperlimits on its possiblecontritution to the overall spec-
trum. With this in mind, we utilized two popular well-regardedmodelsof re ection from an
accretiondisk arounda blackholein anattemptto quantifythe amountof re ection thatmightbe
presenin thespectrunof NGC 1052.

Thepexrav (or pexriv ) modelof Magdziarz& Zdziarski(1995)is oneof the mostwidely
usedpublic modelsfor AGN emissionwhich incorporatese ected continuumfrom a neutral(or
partly ionized)accretiondisk. While it represents morephysicalmodelthanthe simple power-
law alone it doesnotincludeline emissiorfrom thedisk (e.g.,FeKa) andit is dif cult, in practice,
to constrainthethreemostimportantparametersimultaneouslyphotonindex, re ection fraction
anddiskinclinationangle.

Addingapexrav. componento our power-law continuum(andkeepingtheinclinationangle
of thediskconstanatthelaor value,thepowerlaw cutoff at 100keV, andthealbundancesx edat
their solarvalues) we found c?=n = 660=683(0:97), only avery mamginal changen t from that
of Model 1 overthe0:5 35keV enegy range(Dc?=Dn= 0= 2). Thephotonindex t between
G= 1:45 1.56whilethere ection fractionwasconstrainedo bequitesmall: Re < 0:01. Aswe
expect,basedntheresidualdrom tting Model 1, re ection is notasigni cant contrikutorto the
overallobsenedspectrumThoughapexriv. componentvasalso t, theionizationparametewas
unableto be constrainedsowe electedo assume neutraldisk. In this t, theemissvity index of
thelaor line for Fe Ka hadvery similar constraintdo thosefoundin Model1: a = 1.74 4.56.
Also, to 90%con dence,theinnerradiusof emissionn thediskwasconstrainedori,  45rg, as
we foundin Model 1. The equialentwidth of the broadFeKa line in this modelalsoremained



—17-

0.01 L

10° E

cts/s/keV

104

1.5 —

LBt g bt ..w.wtmmmmwﬂ :
L TR ey ]
05 F :
E N N T | N N N N N N T | N o1

1 2 5 10 20
Energy (keV)

Data/Model

Fig. 6.—HXD/PIN dataincludedfrom 12 35keV andre tted with Model 1, which doesnotincludeary
type of continuumdisk re ection. Inclusionof this datadoesnot signi cantly alter the modelparameter
valuesfromthe0:5 9keV t. Thoughabroadline is still requiredat 6:4 keV, no accompaying evidence
of re ection from the disk above 9keV is seen. Redand black colorsfollow the designation®f Fig. 1.
In the top panel,the greencrossesandline representhe PIN dataandmodel,respecirely. In the bottom
panelthehaorizontalgreenline still representa data-to-modetatio of one,while thegreencrosseshaw the
residualdetweerthe PIN dataandmodel.c?=n = 660=685(0:96).
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consistenwith thatfoundin Model 1, atEW = 113 293eV. Thepexrav modelwill hereafter
beknown asModel 2. Its nal parameteraluesandtheir errorsarealsopresentedn Tablel.

Thereflion  modelof Ross& Fabian(2005)is anothemwidely availablecodeusedo describe
there ected spectrunof anaccretiondisk arounda black hole. The adwvantageof this modelover
thepexrav modelis thatit is self-consistent:.uorescentemissiorlinesfrom mary ionizedspecies
areincludedin additionto the continuum mostnotablythoseof the FeK complex. Theionization
parameterincident power-law photonindex andiron abundanceare speci ed by the user The
disadwantageis that photonindicesbelov G= 1 areoutsidethe allowed parameterangeof the
model,andthereis not a parametefor there ection fraction,asin pexrav . Theuseris therefore
obligedto estimatdt using,e.g.,

Rr :KiFi L 1-
® " Kpo Fpo 30

HereK,e andK,, denotethe normalizationsof the reflion  and power-law componentdrom
our best- t spectraimodel,x is the best- t ionizationparametecharacterizinghe disk re ection
(wherex = 30 denotesaneutraldiskin themodel),andF.e andFy,, arethetotal ux escontained
in thereflion  andpower-law componentgor unity normalizationover thefull wavelengthrange
(0:001 1000keV).

(1)

We beganby removing thelaor line from theModel 1 t andaddingin areflion  compo-
nent,with the iron alundanceheld at the solarvalue andthe photonindex linked to that of the
power-law. As expectedthis t mimickedthatof the continuumplusa narrav 6:4keV Gaussian,
leaving residualonthelow-enegy endof theline. Statistically c?=n= 679=687(0:99). Allowing
theiron atundanceo t freelyyieldedasmallimprovementn t, with c2=n= 667=686(0:97) for
Fe=solar 3:53,but doingsorenderedheionizationparameteandnormalizatiorunconstrained.
As suchwe electedo keeptheiron abhundanceconstanttthe solarvalue.

If NGC 1052 harborsa rapidly spinningblack hole, asour bestlaor t seemdo indicate,
we musttake into accounthe relatvistic effectson emissionoriginatingfrom theinneraccretion
disk. We incorporatedhis smearingof spectralfeaturesusingthelaor -basedcornvolution model
kdblur . Ourbestt wasc?=n= 660=684(0:96), comparabldo our bestlaor andpexrav ts
(Dc?>=Dn= 0= 1 andDc?=Dn= 0=+ 1, respectiely). However, we were unableto constrain
the emissvity index of the accretiondisk, thoughwe did obtain constraintson the inner radius
of emissionthat are consistentith thosefoundin thelaor model: riy < 45rg. The estimated
re ection fractionis quitelow at Re  0:006, consistentwith the resultsof the pexrav. model
t andpartly attributableto the moderatelyhigh ionizationparameteXx 111)in thereflion
model. The kdblur(reflion) modelwill hereaftetbe known asModel 3. For comparisonthe
modelcomponentgor the Models1-3 ts areplottedin Fig. 7, andtheir best- t parameterand
errorsarelistedin Tablel.
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Models 2-3 constrainthe amountof re ection from the diskto be Re  0:01, consistent
with the lack of a discernibleComptonhumpabove 10keV in the HXD/PIN data. Moreover, as
we describen detaillaterin 86, if the broadiron line componentesultsfrom uorescencen the
disk causedy incidenthard X-ray emissionthenthe equvalentwidth of the Fe Ka line should
be directly relatedto the normalizationof the re ection componenin our modelascomparedo
that of the power-law. Yet this is not the casein our data. Basedon the low normalizationgfor
re ection seenn bothModel 2 andModel 3, we shouldexpecta broadFe Ka equialentwidth of
EW 80eV, muchlessthantheobseredEW 185eV in bothModels1-2. In otherwords,our
broadiron line doesnot appearto have a correspondinglystrongamountof continuumre ection
associateavith it. It is possiblethatthis “missing” re ection is actuallypresento somegreater
degreein thedata,but is perhapsirovnedout by the power-law continuum.lt is alsopossiblethat
re ection is simply absentin this source.This scenarigoresentseveralintriguing possibilitiesfor
physicalinterpretationsywhich we discussn 86.

5. Comparisonwith Previous Results

Herewe considerour best2007 Suzakuesults(Model 1) againsthoseobtainedn the 1996
ASCAobsenationby W99 andthe 2000BeppoSAXbsenation by G0O0. We do not electto dis-
cussindividually eitherthe 1999ROSA resultsfrom Guainazzi& Antonelli (1999)nor the 2000
Chandaresultsfrom Kadleretal. (2004a)dueto theinferior signal-to-noisef theseobsenations.

NeitherW99 nor GO0 presentea light curve for their data,but both authorsfailedto detect
ary signi cant variability overthecourseof theirobsenations.W99 t atime-avzerage® 10keV
ux of ; 190 8 10 emgcm 2s 1, correctedor a dualabsorbein thebestt. This differs
only slightly from theunabsorbedux of F, 10 9 10 2emgcm 2s 1 we have obtainedrom
ourdatain thepresentepoch.G00useonly onecoldintrinsicabsorbem theirbestt, whichyields
anunabsorbedux of F, 19 9 10 2ergcm 2s 1, alsoconsistentvith our2007obsenation.

Theneutralhydrogenabsorbingcolumnin ourbest t is lessdensehanthatof W99 or GOO.
We nd evidencefor oneintrinsic neutralabsorbeof Ny~ 1:08" 9% 10?cm 2 (with apartial-
covering fraction of 83+§%). In their best- tting model, W99 employ a two-zoneintrinsic
absorptionmodelwith Ni(1) = 3:00" 158 1073cm 2 andNy(2) = 4929  10°2cm 2. The
GO0 best- t modelusesoneintrinsic absorbenf Ny = 2° 58 10?%cm 2. Our modelcontains
a componenbf partly-ionizedabsorptiorthat W99 andG00 do not, however: theabsori model
representinghis absorbingmaterialhasa columndensityof Ny = 1:37°258  10P2cm 2 andan
ionizationparameteof x = 68" J2°ergcm s 1. Evenwith thisadditionallayertheW99andG00

modelscontainhigherabsorbingcolumnsthanour 2007 model,however.
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emissionlines arein dark blue andre ection featuressuchasthelaor line (top), thepexrav. component
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magenta.
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Component Parameter Value Model 1 Model 2 Model 3
mekal KT (keV) 0:64" 902 0:64" 002 0:64" 902
K (phem 2s 1) 4147190 10 5 | 414517 105 | 414738 105
Ra(egem 2s 1) | 900535 10 14| 948183 10 14| 87813 10 M
absori G 1:50" 0.0z 1:50" 0.8 1:50" 002
Nu( 10%2cm 2) 1:37" 538 1:37° 52 1:45" 583
T(K) 3 10 3 10t 3 10t
x(emgcm s 1) 68" 300 66" 30 6755
zpcfabs Ny ( 10°%2cm 2) 10:82F 542 10:82* 382 10:83" 935
%cover 0:84" 593 0:84" 92 0:85" 592
Zpo G 1:50" 0.7 1:50" 9198 1:50" 092
Ka(phcm 2s 1) 155529 10 3 | 1:55°021 10 % | 1:62*232 103
Fe(emgcem 2s 1) 1:89" 528 10 11| 1:79°32% 10 1! 1:85'233 10 X
zgauss E (keV) 6:40" 501 6:40" 301 6:40" 501
Knarraw (phem 2s 1) | 118973 10 5 | 1197518 105 | 1:26'012 10 °
Frarrav(€gcm 2s 1) | 1:00°01° 10 13| 9547122 10 14| 123918 10 8
EWharrav ( €V) 11118 111718 121738
laor , kdblur Aemis 2:40* 532 2:40* 221 0:95' 90z
Fin (rg) 19:93*3422 19:76%3568 20:15" 5538
i() 7279 7279 7279
Koroad( phecm 2s 1) | 1:69" 293 10 5 | 1717528 105 | —
Foroad(€Cm 2s 1) | 1:44'920 10 13| 1:38"§/8 10 13| —
EWbroad( €V) 185" 132 1877326 —
pexrav , reflion Fe=solar — 1.0 1.0
x(emgcm s 1) — 0:0 109" 24
Ree — 0:01* 3, 5752, 108

Kre (phcm 2s 1) | — 7219, 108 | 1:30°1% 107
Fe (egem 2s 1) | — 4:04*9,, 10 %8| 424 1013
c?=n 660-685(0:96) | 660-683(0:97) | 660=684(0:96)

Tablel: Comparisorof our threebest- t modelsfor the0:5 35keV spectrunof NGC 1052. All compo-
nentsof Models 1-3 aremodi ed by Galactichydrogenabsorptiorwith Ny = 2:83 10%°cm 2. “K” de-
notesthe normalizatiorvalueof a givencomponentFlux valuesindicateabsorbedux from0:5 35keV.
Redshiftfor themodelcomponentareheld constantatthecosmological/aluefor NGC 1052:z= 0:0049.
Abundanceshot listed are held constantat their solarvalues. The inclination angleof the accretiondisk

usedin thelaor

andkdblur

i=57 72.All errorslistedareat90%con dencefor oneinterestingparameter

modelswasconstrainedo fall within the radio obseration uncertaintieof




Waveband(keV) | Model 1 Flux (egcm 2s 1) | Model 2 Flux (egcm 2s 1) | Model 3Flux (egem s 1)
0:5 2.0 342 10 18 342 10 13 368 10 13
342 10 12 342 10 12 531 10 12
2.0 100 553 10 12 525 10 12 5:33 10 12
8:96 10 12 8:96 10 12 9:20 10 12
100 60:0 364 10 11 364 10 11 379 10 11
368 10 11 368 10 11 382 10 1t

Table2: Extrapolatednodel ux esfor the2007Suzakwbserationof NGC 1052in threewavebands Absorbedux esareonthetopline,
unabsorbedux esareon theline below. For the softestenegiesthe ux from XIS 1 wasused,while the XIS 0+3 datawasusedfor the
2 10keV band.PIN datawereusedfor the ux abore 10keV.
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The heary absorptionin W99, in particular resultedin a powerlaw photonindex split be-
tweenintrinsic and scattereccomponentswherea powerlaw photonindex of G= 1.7 was as-
sumedand11%wasscatteredwhile 70% of theintrinsic ux wasabsorbedy thelargercolumn
and30% by the smallercolumn. We attemptedsucha neutraldual-absorbert (see84.1-4.2)and
found that the parameter®f the secondabsorbercould not be constrainedandthat a singlein-
trinsic neutralabsorberandanionizedabsorberlongwith Galacticphotoabsorptiomodifying a
simple,albeitfairly hardpowerlaw (G 1:5) providedanexcellent t to thecontinuum.

W99 andGO00alsofoundevidencefor athermalmekal componento explainthe softexcess
notedbelaw 2keV, which wasbestmodeledwith kT = 0:53" 332keV anda0:1 2:0keV ux of
Fmekal= 5:8'53 10 “emgcm 2s ! in W99. GOOmodeledhis componentith asimilarmodel
of muchhighertemperaturef KT  5keV, thoughtheseauthorsdonotreportits ux. Thisthermal
componentvas also detectedoy Kadler et al. (2004a)with Chandi at kT = 0:41* 552, though
overa ux rangeof 0:2 8:0keV andwith limited signal-to-noise.We found a similar thermal
componenin the Suzakuata. Thoughthe XIS detectordoseeffective arearapidly below 0:3keV,
extrapolatingModel 1 down to 0:1keV yieldedkT = 0:64 0:04keV and Fyeka = 9:38" 537
10 “ergem ?s 1 over0:1 2:0keV. Our resultsshoved a slight increasen temperatureand

ux for themekal componenbutwereconsistentvith the 1996resultswithin errorbars.

In the favored dual-absorbeASCAmodelof W99, a broadFe Ka line componentvasnot
requiredin the t andhencetheseauthorsfound no de niti ve evidencefor re ection from an
optically-thick accretiondisk in their data. They did requirea narrov Fe Ka line, however: the
centroidenepy of thiscomponentvasheldconstanatE = 6:37keV andhadanequivalentwidth
of EW = 270 120eV. G00did detectanFeK line with someapparenbroadeningthoughthis
couldbeaccountedor in theBeppoSAXatawith amildly ionizedFeKa line with centroidenegy
E = 6:48" 91%keV andanequialentwidth of EW = 230 170eV. In our Model 1 for the Suzaku
data,we found that both broadand narrov componentsvere necessaryn orderto eliminatethe
residualsbetweerd 7keV. Our narrawv line, with a centroidenegy of 6:4 0:01keV hadan
equvalentwidth of 111 18eV. The presenceof a broadcomponento the Fe Ka line likely
renderedhis narrav featuresigni cantly wealer thanits 1996counterpart.

Our broadFe Ka line, held constantat a centroidenegy of E = 6:4keV, wasbest t with
alaor emissionfeatureoriginatingfrom the accretiondisk arounda rapidly rotatingblack hole,
thoughtheinnerradiusof emissionwithin the disk wasonly mildly constrainedo ri, < 45rg, as
discussedn 84.2. This featurewasstrongerthanthe narrav FeKa line: its equivalentwidth was
185" 112eV. Replacingthelaor line with a broadGaussianwe foundthats = 1:04 0:26keV,
which translatego a lowerlimit FWHM of v 0:37c andimplies an origin for this featurevery
closeto the black hole. Thoughthe t of thelaor line itself is suggestre of a broad, uorescent
FeKa origin in theinneraccretiondisk, thelack of re ected continuum ux above 10keV argues
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againsthisinterpretationaswe discusselow andin thefollowing Section.

W99 considereda re ection-basedhrefl modelto t the ASCAspectrumput wereunable
to obtainmeaningfulconstraintonthere ection parametersvithout makingseveralassumptions.
Theseincluded xing the valueof the powerlaw photonindex of the centralX-ray sourceto be
G= 1.7 andalso xing the inclination angleof the diskto i = 60 . The latter was consistent
with our own angle constraintsbasedon the VLBI obserationsof NGC 1052, but our Suzaku
obsenation indicateda somevhat harderphotonindex (seeTable 1). For anassumede ection
fractionof R = 1 andthe obsened ASCAspectrum W99 found that only a small fraction of
the directemissionfrom the X-ray sourcewasvisible, leadingtheseauthorsto infer that a thick
absorbingcolumnin thenucleus(Ny > 3 10?3cm 2) blockedthe X-ray sourcefrom view, such
thatre ected emissiondominatedhe spectrum However, the equialentwidth of the FeKa line,
EW 40eV, wasover an order of magnitudesmallerthanthe sameline seenin other heavily
obscuredAGN. To accountfor this line with a re ection model would require an implausibly
smalliron abundanceof Zge=solar 0:05. Thisre ection modelwasthereforearguedagainstoy
W99. Similarly, GOOalsoruled out evidencefor Comptonre ection in the NGC 1052BeppoSAX
spectrumdueto a statisticallyunacceptablet for the pexriv.  model. Theseauthorswere only
ableto mildly constrainthere ection fractionto a hardupperlimit of Re < 0:6.

The 2007 Suzakuwlataconcurwith this assessmertf a lack of re ection: thoughModel 2
produceda comparableylobalgoodness-of- tto Model 1, there ection fractionwasfoundto be
quitesmall: Re < 0:01. Attemptingto modelary re ection presentvith Model 3, wewereunable
to constrainthe emissvity index of the accretiondisk, thoughwe did achieve similar constraints
for theequialentwidth of thenarrawv iron line andthe photonindex of the power-law component.
Basedon this spectral tting, we concludethatin 2007, NGC 1052 doesshow evidencefor a
broadenedron line; thisline is not particularlybroador strong,however, andis notaccompanied
by the expectedComptonhumpabove 10keV. This mayindicatethattheline arisesoutsideof the
innermostportionsof the disk and/orthatre ection simply doesnot play a largerole in creating
theoverall X-ray spectrum.

In orderto 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 the SISO andGIS 2 wereused,asthesewerethe instrumentswith
thehighestcountratesandtheclosesibn-axistelescopgointingduringthe ASCAobsenation. We
shav aplot of theratio of the ASCAdatato our Suzakibest- t Model 1 in Fig. 8.

Changedetweerthetwo epochsareevidentatenegiesbelov  3keV andabove 7keV,
likely indicating that the continuumand absorbingstructureshave undegone physicalchanges
during the interveningyears. Re tting the model, we found that c?=n = 120=141(0:85) asop-
posedo c2=n= 255=141(1:81) beforere tting. Reducedhi-squaredalueslessthanunity often
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Fig. 8.— Ratioplot of the 1996 ASCAspectrumof NGC 1052to the 2007 Suzakibest- t Model 1. SISO
and GIS 2 dataare shavn with black andred crossesyespectiely. The greenline denotesa theoretical
perfectt. Notethe curvatureof theresidualsbelov  3keV. Theseresidualsndicatethatchangeshave
occurredn theabsorptiorstructuresurroundinghe AGN betweerepochsc?=n= 255=141(1:81). Nore t

hastakenplace.
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indicatethat the model hasmore parameterghan are necessaryo adequatelyt the data,and
giventhe lower spectralresolutionandthroughputof the ASCAdata,this is likely the casehere.
Nonethelesswe canusethisre t to verify which modelcomponentfiave undegonesigni cant
changedetweerll996and2007.

The thermalcomponentada temperaturef kT = 0:50 0:14keV, consistenwith there-
sultsof W99 and consistenin its upperlimit with Model 1. The normalizationsof the thermal
componentverealsoconsistentvithin errorbars.The powerlaw photonindex from Model 1 was
G= 1:50" 997 vs. G= 1:28 0:91from ourre t of the ASCAdata,alsoconsistenwithin errors.
W99 had maintainecthis componentit a x edvalueof G= 1:7 for their best- tting models,but
ourre tted valuewasconsistentvith theW99 ts for their models2-4. ThoughW99 employeda
power-law componensplit betweenntrinsicandscattere@missiorwhile we determinedhatonly
intrinsicemissionvasnecessaryor the Suzakudata,thetotal normalizatiorof all the W99 power-
law componentsvas consistentwith our intrinsic powerlaw normalizationwithin errors. Our
re tted ASCAvalue (assumingntrinsic emissiononly) wasalso consistenwith the W99 intrin-
sic normalizationwithin errors. Re tting the absorptiorparameteryieldedanionizedabsorbing
columnof Ny 5:64 10%'cm 2 andanionizationparameteof x  97ermgycms 1. While these
valueswerenot well-constrainedthey wereat leastmaiginally consistentith thoseof Model 1.
However, while thepartial-coreringabsorbecolumnwasconstrainedoNy 1519  10%2cm 2,
consistenwith Model 1, the covering fraction could not be constrained.Thesechangesuggest
thattheabsorbingstructurediffers physicallyin 2007ascomparedvith 1996.

The iron line comple, by contrast,shoved little variation betweenthe two epochs. Our
ret to the ASCAdatayielded a narrav Fe Ka componentof normalizationk = 1:19* 83
10 ®phcm 2s 1, consistenwith our SuzakuModel 1 valueandthe W99 t, andstronglyin-
dicatingthatthis componentif variable,is only variableon longtimescalesandmustthereforebe
emittedfrom materialfar from theblackhole. W99 reportedthatno broadFeKa line component
wasrobustly presenin 1996,contraryto our ndings in 2007.Ourre t, includingalaor compo-
nent,doesnot adequatelyonstrainthe parametersf the broadline in 1996,con rming the null
resultof W99. This could meaneitherthatthe broadline componentvastruly absenin 1996,or
perhapghatit waspresenttalower normalizationandeffectively drovnedout by the continuum
emission.Giventhe rapid decreasén effective areaabore  5keV andthe spectralresolutionof
ASCA however, it is very likely that the broadiron line componensimply could not have been
detectedy this obsenatory, thusrenderingmootarny comparisorbetweena broadFeKa line in
1996and2007.
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6. Discussion

We have performeddetailedspectralts to the XIS andHXD/PIN datafrom the101ks, 2007
Suzakwbsenation of the LINER galaxyNGC 1052. Threedifferentspectralmodelswere em-
ployed: (1) anabsorbegower-law continuumwith contributionsfrom a soft thermalcomponent
alongwith narrav andbroadFe Ka lines; (2) the samemodel, but with anaddedcomponenbf
re ected continuumemissionfrom a neutralaccretiondisk (pexrav ); (3) the samebasemodel,
again,but with amoreadwancedself-consistente ection modelwhichincludes uorescentemis-
sionlinesfrom the disk andtakesionizationinto accounflreflion ; seeRoss& Fabian(2005)for
details).In Model 3 we appliedrelativistic smearingusingthekdblur model.Becauseuorescent
linesareincludedin reflion , thereis no needfor anadditionalbroadiron line componengasin
Model 1. We summarizeour ndings below:

Thethreemodelsarequitesimilarin their statisticalgoodness-of- t thoughsomeof thedisk
re ection parameters Models2-3 prove especiallydif cult to constrain.

The continuumis well describedby a componentwith a powerlaw spectrumof photon
index G 1.5, thermalemissionwith KT ~ 0:64keV, a neutralintrinsic absorbingcolumn
of Ny 10%3cm 2 andacoveringfractionof 84%,andanionizedintrinsicabsorbemwith
Ny 1:37 10%2cm 2 andx 68emcm s 1. Thesendings arerelatively consistent
with thoseof the 1996ASCAobsenationof W99, thoughour photonindex is harderandour
absorbingcolumnlower in densityin 2007.

As in theASCAdata,anarrav FeKa line is presentEW  111eV.

Strongevidenceexistsfor abroadenedre Ka emissioncomponen{EW 185eV). Though
thebeststatisticalt is achievedwith alaor line pro le, however, theratherbroadconstraint
ontheinnerradiusof riy < 45rg renderst impossibleto distinguishbetweena spinningand
non-spinningolackhole.

The PIN instrumentdid detecthard X-ray emissionabove 10keV from NGC 1052. This
emissionis well t by the powerlaw componenbf the2 10keV continuumanddoesnot
shaw ary evidencefor re ectedemissionviathe Comptorhumpthatis commonlyassociated
with otherAGN harboringbroadiron lines,andexpectedbasednthepresencef thebroad
iron line if thetwo featuresarisefrom re ection onto a standardaccretiondisk. Neitherof
our re ection modelsfoundary statisticalevidencefor a strongre ection component.

ThoughVLBI obsenationsof the jet in NGC 1052 have constrainedhe orientationangle
of thedisk to be between = 57 72, we nd thatremoving this constraintin our tting
yieldsabest- t inclinationangleof i = 45 5 , thoughthis doesnot signi cantly improve
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the global goodness-of- t. Nonethelessthis resultdoesmarka 2s deviation from the
radioresults.

Thesendings motivatethreemainquestions{1) whatis thephysicalorigin of thebroadiron
line in our 20070obsenation;(2) how is it thatwe detecta broadiron line yet no evidencefor disk
re ection above 10keV, and(3) why is thelaor line inclination,whenkeptasa free parametem
the t, not moreconsistenwith the disk inclination constraintestablishedn radio obsenations
of theinnerjetin NGC 10527

As it turnsout, the answerdo thesequestiongnay be closelyrelated. Relatvistically broad
iron linesareexpectedo beassociatewvith pronouncedComptonhumps.Comptonizede ection
originatesvia irradiationof the optically thick inneraccretiondisk by the hard X-ray source per
hapsin somesortof lamp-postgeometrye.g.,the baseof a jet (Miniutti etal. 2007). This same
processwill alsoproduce uorescentline emissionfrom the disk, mostnotablythe Fe Ka line,
which will experiencesigni cant broadeningandskewnessby virtue of its origin from the space-
time proximal to the black hole (Reynolds & Nowak 2003). The absenceof a Comptonhump,
however, castsdoubton the presence/contrition of re ection from the disk to the overall X-ray
spectrumFromourpexrav model t (Model 3), we canestimatethe equialentwidth of theiron
line we shouldexpectif boththe Comptonhumpandthe broadline originatefrom disk re ection.
Usingtheratio of thenormalizationof the power-law to theupperlimit of there ected component
in our t, we infer thattheiron line equivalentwidth shouldbe EW  80eV if thetwo features
areindeedproducedoy the samephysicalprocess.This low valueis highly inconsistentvith the
obseredstrengthof the broadiron feature however.

Relatvistic disk smearings nottheonly processy whichthis spectraline canbebroadened.
In thefollowing paragraphsve consideranumberof otherphysicalscenariosincluding: transition
to anadwection-dominateéccretion o w (ADAF) in theinnerdisk, resonanscatteringrom the
putative torusregion, origin of theline in anout ow locatedin the broadline region (BLR), and
FeKa producedoy Cerenkv line-like radiationratherthan uorescence.

Oneexplanationfor the lack of an obsenedre ected continuumcould be thatthe accretion
disk transitionsto a radiatvely-inefcient statewithin someradius,e.g.,Narayan& Yi (1994).
In this ADAF picture,which hasoftenbeeninvoked asa potentialexplanationfor low-luminosity
sourcegespecialljthosewith obseredjet activity), thedisktrapsradiationratherthanreleasingt,
pufng upto becomeoptically thin andgeometricallythick asits temperatur@andionizationstate
rises.Becausef thesepropertiesthegasin this regionwould notbeexpectedo producemuch,if
ary, re ection, eitherin theform of aComptonrhumpor discreteemissiorines. If acontritutionto
thebroadiron line did somehav arisefrom thisregion, we would expectit to behighly ionized,yet
thisis notseenin thedata:ourbroadandnarrav iron line component®othhave enegiesrobustly
lessthan 6:41keV, suggestinghat they arisefrom speciesat or belov Fexviil. We therefore
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concludethatan ADAF, if presentjs unlikely to be a signi cant contrikutor to the broadeningpf
theFeKa feature.

Thelack of a Comptonhumpat the expectedstrengthandthe mismatchbetweerthe uncon-
strainedlaor disk inclination andthe VLBI value causeausto rule out a relatistic inner disk
origin for the broadiron line. We also eliminatea possibleorigin in an ADAF dueto ioniza-
tion constraintsand optical depthissues.Investigatingotherpossiblesourcesof iron emissionin
the central AGN leadsus to considerthe role of resonantscatteringin the torus region, which
is thoughtto contribute heavily to the ux of the narrav Fe Ka line. However, both the large
equialentwidth andthelarge FWHM velocity of thebroadline componentve obsene (bothsub-
stantiallygreatetthanthev  2500kms ! andEW . 100eV typically associatesvith thenarrov
core,e.g.,Yagoob& Padmanabha(2004))renderthis explanationimplausible.

An AGN out ow originatingin the BLR is exploredasa possibleexplanationfor the simi-
lar spectrumof NGC 7213 (Bianchi et al. 2008). Here a broadiron line with no corresponding
Comptonhumpis alsoobsened, andtheseauthors nd that the equivalentwidth of the Fe Ka
featureis consistenwith predictionsmadeby Yaqoobet al. (2001)for an origin in the BLR or
perhapsa Compton-thintorus. Further measurementsf the velocity broadeningof the optical
Ha line concurwith thosemeasuredrom the broadFe Ka line (v= 2500kms 1), suggesting
similar origin for the emission. Using the samediagnostic,we estimatethat we shouldexpecta
broadineEW 75 100eVif it originatesn anout ow from thisregion; thisunderestimatesur
obsered equivalentwidth by nearlya factorof tenusinga simple Gaussiarine to representhe
broadfeature andby roughlyafactorof two if the better tting (though,in this caseunphysical)
laor line is used.Also, our estimatedower-limit FWHM velocity of theline (v 0:37c) is more
thanan orderof magnitudegreaterthanthe polarizedoptical Ha FWHM measurememf Barth
etal. (1999)(v 5000kms 1). Thisis a strongindicationthatthe broadFeKa line we obsere
originatescloserto the black hole thanthe BLR. Moreover, variability of the broadiron line on
years-longimescaleasbeennoted(Kadleret al. 2004c;Roset al. 2007);this type of variation
would not be expectedfrom the typical symmetricBLR, aschangesn ux dueto passingclouds
in this region shouldtheoreticallyaverageout overtime.

Finally, we considera more exotic possibility: perhapshe broadiron line is producedby
Cerenkv line-like radiationin the centralmostregions of the AGN. You et al. (2003) put for-
wardtheintriguing notionthatin denseregionswheretherefractve index of the materialis large,
relativistic electronsimpinging upon this materialcan produceCerenkv radiationin a narrov
wavelengthrangevery closeto the intrinsic atomicwavelengthof the material. The combination
of absorptiorandemissioncauseghe nal emissionfeatureto be redshiftedandskewed, making
it appeawery like arelativistic line produceddy uorescencean theinneraccretiondisk. Because
electronsareproducingthe emissionratherthanphotonsnore ected continuumis expected.The
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cool, dense,iron-rich gasin the disk of NGC 1052 could provide the mediumfor this process,
while relatwistic electronan the coronaor nearthe baseof thejet would make for anidealbom-

bardmenpopulation.Furthermorethis physicalpicturemakesfor amuchmoreconsistenmatch
with our estimateof the distanceof the broadline region of origin from the hard X-ray source:
our lowerlimit FWHM velocity for the broad Gaussiant to theline yieldsv  0:37c, which

correspond$o anupperlimit distanceof d  8rg. Thisis well insidethe BLR.

Givenour constrainbnthedistanceof thebroadiron line emitterfrom thehardX-ray source,
iron uorescencerom thebaseof thejet itself is alsoa potentialcandidatdor the emissionrmech-
anism.However, consideringhe orientationof thejetsobsenedin NGC 1052to ourline of sight,
it is unclearwhetherary uorescentemissionfrom the jet basecould escapdhe systemwithout
beingabsorbedCorrelatedadio ux measurementisom the baseof thejet andX-ray spectreof
this sourcemustbe examinedover severalepochs simultaneouslywheneer possiblejn orderto
assesthelik elihoodof thisscenaricaswell asthatof the Cerenkov line-like radiationproposedy
You etal. (2003).0nly througha coordinatedstudyof thejet andtheaccretiono w in NGC 1052
canwe hopeto understandhe connectiorbetweerthesetwo vital physicalprocessesn AGN.

7. Conclusions

Our 2007 Suzakuspectrumof the LINER galaxyNGC 1052is consistentwvith X-ray spec-
tra of this sourcefrom previous epochs,with a fairly at powerlaw continuumthatis heavily
absorbedIntrinsic neutralandionizedcolumnsaredetectedalongwith evidenceof Galacticpho-
toabsorption.A thermalcomponenis alsodetected|ikely dueto the interactionof the jets with
thesurroundingSM. Both narrav andbroadiron linesareobsened, thoughinterestinglythereis
little to nore ection seenin thespectrumabove 10keV: two differentmodelsusedto characterize
this featurebothrequireRe < 0:01.

We arethusfacedwith a complex scenariofor NGC 1052in which the broadiron line is
not consistenwith the lack of obsened continuumre ection from the disk. While it is possible
thatthere ection hasbeendrownedoutin someway by the power-law continuum,we mustalso
considerthe physicalimplicationsif re ection is indeedabsentbove 10keV. It couldbethatwe
arewitnessingthe transitionof the accretion o w to aradiatvely-inefcient stateat somecritical
radiusin the disk, which could largely eliminatere ection featuresfrom the spectrum.A broad
iron line is still producedhowever, andthe velocity width of theline is consistentvith anorigin
closeto the black hole. If theinnerdisk is an ADAF, it is possiblethatthe broadFe Ka line is
emittedfrom optically-thick materialnearthe baseof the jet, or perhapsrom a yet more exotic
mechanisnsuchasthe Cerenkv-lik e line radiationpostulatedy You et al. (2003). Coordinated
obsenationsof boththeinnerjet(s)(radio)andtheinneraccretiono w (X-ray) areneededn order
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to solve this puzzle.
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