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Tharks to well-calibratedinstrumentsand a low badkgrourd level, Suzaki coud measurethe
broadbandX-ray spectranorepreciselythanever, andalsotracethesubdaytime variahlity upto
40keV. Therefae we candecmposehespectracommpnents by performingabroad-bad fitting
and by utilizing a differenttime scaleof eachcompmnert, and constrainthe physical structure
of the nuclea region. Herewe reporton systematicstudiesof nearby28 Seyfert galaxieswith
Suzu, utilizing arecentlyimproved baclgroundmodel. Theoverall sped¢rumis well described
by the pawer-law modelwith partial covering absorptionfogethemwith Fe-K line structuresand
refledcion humpabove 10 keV. The refledion fraction is sometimedifferentfrom thosein the
previous measurerants,possiblydueto differenttime scalesbetwea directnudear conponert
and reflectioncomponert. Flux-flux correlationor enegy-depemlent rms could be tracedup
to 40 keV for someAGNS, thanis to their subdaytime varialility. Theseindicate that two-
commnert spectramodelsaregeneally aceptedandthelessvariablefractioninferredfrom the
timing analysisis almostconsistentvith thatobtainel by the spectraffitting. Therefore,Suz&u
is very powerful to demmposethe compex spectralfeaturesof Seyfert galaxies. Accordingly,
we cancorstrainthe physical propeties of reflectionand absorptionmaterialbetterthan ever.
Thecerter enggy andwidth of the Fe-K line is stronglyconstrainedo be 6.395+0.005keV and
<2500km/s. Fe alundarce of the reflecta is alsowell corstrainedto be 0.6—12 solar tharks
to precisemeasurmentsof both Fe-K line andrefledion continuum. Thesefindings supportthat
thereflectoris > 0.1 pc away from the nuclets. The large equvalert width and (back-sc#er)
Comgpon shoulderin the Fe-K line for Comptonthin AGNs indicatevarioustypes of material
with different Comptm-thickness aroundthe nuclets. In somecasethe reflectionfraction is
smallregardlessof largeabsorptiorcolumn indicaing thattheabsorbeis inhomayen@usrather
thanaregular anduniformtorus.
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1. Intr oduction

Seg/fert galaxiesshowv a bright X-ray emissionfrom the nuclearregion, but the X-ray spec-
tra have beenfound to be very compl. The direct nuclearemissionis thoughtto be a power-
law modelwith a high enegy cut-off aroundseveral 100 keV. However, the surroundingmedium
aroundthesupermasgse blackhole createxomple spectraktructuresMaterialtowardtheline of
sightcauses soft X-ray absorption RecentX-ray obsenationshave revealedthattheabsorptioris
not simplebut partial coveringwith ionization. Highly ionizedthin materialis alsofoundasFe-K
resonanc@bsorptiorlines. Part of nuclearemissionis reflectedby the materialsuchasaccretion
disk or moleculartorusandit appearssreflectionhumppeakingaround40 keV with fluorescent
elementalines.

Then, study of X-ray spectraof Seyfert galaxiesis very importantto probethe surrounding
materialaroundthe supermasgse black hole by usingthe above spectrafeatures.Thesematerial
are fuel of black holesandthusvaluableto investigate the evolution of black hole. It is inter
estinghow the geometrya so-calledmoleculartorusis, how far away the torus exists from the
nucleus,how aboutthe disk structure. Also the spectralshapeof the nucleardirect emissionis
interesting,becauseave can obtainthe information aboutthe physical propertiesof AGN central
engine;temperaturedensity enepy distribution of hot corona.Theseareimportantto understand
the geometryandphysical stateof thehhot corona.

However, dueto the complex spectralstructuresthe spectralfitting is very difficult andwe
cannotavoid the modelingambiguitysuchasparametecoupling. Wide-bandX-ray spectroscop
from sub-leV to several 100 keV is essentiato resole this issue. BeppoSAX/PDSgave mary
opportunitiesof suchstudiesfor Seyfert galaxies.Risaliti (2002)[17] andMalizia etal. (2003)[19
reportedthatthe photonindex of Seyfert 2 galaxiestendto be smallerthanthatof Seyfert 1 ones.
However, the different tendeng was obtainedby Deluit and Counwisier (2003)[4. Deluit and
Counwisier(2003)claimedthatthecut-off enegy of Seyfert 2 galaxiesis lowerthanthatof Seyfert
1 galaxies Risaliti (2002)}11 summarizedhephotonindex, reflectionfraction,andcut-off enegy
for Seyfert 2 galaxies but they arelessconstrainedhanthoseof Seyfert 1 galaxies.

TheSuzakuXIS/HXD combination(Mitsudaetal. 2007,Koyamaetal. 2007, Takahashetal.
2007,Kokukunetal. 2007)[14 g, 20, 8] is very powerful to studythe spectraktructureof Seyfert
galaxies.They coverawide X-ray bandin 0.4-500keV simultaneouslyandthuswe canconstrain
the spectralshapeaccurately The well-calibratedX1S andlow backgroundof bothinstruments
give us a spectrumwith high quality above 6 keV, andwe canmeasurehe Fe-K structureswith
high accurag of enegy determinationand good constraintof the underlyingcontinuum. The
low-backgroundHXD-PIN (figure) without rockingmotionenablesisto performtheshort-term
timing analysiseven above 10 keV, which gives us anothertool of spectraldecomposition.The
HXD-GSO givesusimportantinformationof the high enegy partin 50-200keV. Herewe report
the Suzakuhard X-ray view of Seyfert galaxies,focusingon the spectralstructureabove 2 keV,
referringto the publications togetherwith our systematianalysisof the Suzakuarchival dataof
28 Sg/fert galaxies. Here we utilized a recently developedHXD-PIN/GSO backgroundmodel
(Fukazava et al. 2009)[4. Tabled summarizeghe analyzedsampleof Se/fert galaxies. All
objectsaredetectedup to severaltensof keV with HXD-PIN, andthusthe flux abose 10 keV is
higherthan0.5 mCrab 18 of themare Seyfert 2 galaxies,andconsequentlyhe spectraare often
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heavily absorbedn the soft X-ray band.
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Figure 1: Compaisonof thebadgrourd level Betweea theSuzaku-HXD andothers.Thebadkgrourd count
rateis normalizeal by the effective area.

Table 1: Sampe of Seg/fert galaxes.

3C120 CENTAURUSA CIRCINUSGALAXY IGRJ16318-4848
IRAS19254-7245 M81 M106 MCG-5-23-16
MCG-6-30-15 MRK3 MRK79 MRK273
MRK335 MRK509 NGC1068 NGC2110
NGC3516 NGC3783 NGC4051 NGC4388
NGC4945 NGC4992 NGC5728 PKS2356-61

SWIFTXD138.6-4001 SWIFTJ0505.7-2348 SWIFTJ0601.9-8636 SWIFTJ1628.1+5145

2. Wide-band High Signal-to-NoiseSpectra

Suzakwbsenredseveral bright Seyfert galaxies providing high signal-to-noisespectravhich
enableus to determinethe spectralshapemore accuratelythan pastobserations. An accurate
determinatiorof the underlingcontinuumshapeis very importantto studythe broadFe-K line.
Thedisk-line structureandreflectionfractionwerewell constrainedor MCG-6-30-15(Miniutti et
al. 2007)f13, MCG-5-23-16(Reeeset al. 2007)fi§, NGC 3516 (Markowitz et al. 2008)f11,
andthenboththe broadandnarrav FeKa line aswell asthereflectionhumpareunambiguously
detectedWell-calibratedXIS enepgy scalecouldconstraintheionizationlevel of fluorescente-K
linesto be <Fe*1% NGC 2992(Yagoobetal. 2007)[23, CenA (Markowitz etal. 2007){1(], NGC
4388(Shiraietal. 2008){19, andMrk 3 (Awaki etal. 2008)[1.

Herewe shaw theresultsof NGC 2110(Okajimaetal. 2007)[18, whichwasobseredon Sep.
16-18,2005,whenNGC 2100brightenedupto 10—20mCrab Thebroad-band-ray spectrumvas
obtainedup to 200keV, anda simple power-law with anabsorptiorandFe-K line doesnotfit the
spectrumwell; aresidualexcessaroundl keV andFe-K edge togethemwith asignificantdeviation
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from the powerlaw abore 10 keV. Sucha deviation remindsus of a reflectionhump. However,
regardlessof a large changeof the continuumflux, the depthof the Fe-K edgeis 1 = 1.0+ 0.2,
almostsimilar to thatin the normalstate(Hayashiet al. 1996)f4. This indicatesthatthe edgeis
not dueto thereflection. Then,a partial covering absorptionrmodelexplainsthatthe deepedgeis
dueto a thick absorbeandthe soft residualis dueto a leakageof the directemissionthrougha
thin absorber The best-fitspectrumis shavn in figure2. The powerlaw photonindex becomes
1.77+0.02 against1.60 of the simple absorptionmodel. Absorptionis somavhat comple; full
coveringof N, = 3.0 x 1072 cm~2, apartialcoveringof thethin absorbenf 3.6 x 10?2 cm=2 with a
fractionof 0.45andthethick absorbeof 5.0 x 10?2 cm~2 with afractionof 0.14. Thereflectionis
not neededvith afractionof < 0.1. In otherAGNSs, it is reportedthata partialcoveringabsorption
is neededCenA (Markowitz etal. 2007){1(}, NGC 4388(Shiraietal. 2008){19, andNGC 3516
(Markowitz etal. 2008)[1]. Therefore,it is suggestedhatthe absorberor reflectorconsistsof
multi-phasestructuresanda simpleone-zonebsorptiormodelis not accurate Sucha multi-phase
absorbeis alsorequiredto explain a time variability of the absorptioncolumndensityfor several
Se/fert 2 galaxies(Elvis etal. 2004, Risaliti et al. 2005)[3 18] with RXTE, Chandraand XMM-
Newton. Theresultsof NGC 2110demonstratea Suzakuadwantageof a snap-shobbsenationto
studya spectrakhapewith high signal-to-nois ratio.
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Figure 2: Suz&u spectrumof NGC 2110. Best-fit modd is cut-off power-law with a partial covering
absorption.

3. Spectral Decomposition

Studiesof time variability of spectrds anindependentool to decompost¢he spectrunmagainst
the simplespectrafitting. Thedirectnuclearcomponenis mostlytime variablewith atime scale
of ~ 1 day for 1O7M® black hole mass,while the reflectioncomponentirom the distantmatter
is lessvariablewith a time scaleof >1 month. Thereforedifferenceof time scalebetweentwo
componentsvill enableusto decomposehem,andwide-bandX-ray studyis very importantto
constrainthe direct componentbelon 10 keV andthe reflectioncomponentabore 10 keV. The
HXD-PIN enablesisto studythe short-termvariability above 10 keV for mary AGNsfor thefirst
time, andthusit is very usefulfor this study Suchstudiesaresuccessflly performedfor MCG-6-
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30-15(Miniutii etal. 2007)[13, MCG-5-23-16(Reevesetal. 2007)[1§, NGC 4388(Shiraietal.
2008)[18, NGC 4051 (Terashimaetal. 2008){21, with Suzaku.

Figured shawvs a PIN light curve of NGC 4388, for which the intradaytime variability was
for thefirst time confirmedfor this objectwith Suzaku.Theflux correlatesvell betweenXIS and
PIN enegy band,indicatingthatthetwo componentnodelis reasonableaswell asMCG-6-30-15
(Miniutti etal. 2007){13. Also a RMS spectruman enegy-dependentoot-mean-squarof time
variability, shavs a small variation toward the higherenegy band. This is consistentwith that
the constantreflectioncomponentecomesdominantin the higherenegy band. The spectrain
thehigh andlow statearesuccessflly fitted with a variablepower-law componenplusa constant
reflectionandFe-K line. The photonindex of the direct power-law componenis constrainedo
be 1.75+0.15. Thedifferencespectrunmbetweerthe high andlow state which is likely the direct
nuclearcomponentshavs no significantFe-K line andis well fitted with the simple power-law
modelwith the above photonindex, asshawvn in figure4,. Unlike Seyfert 1 galaxiesfor which the
differencespectrehave beenstudiedwith XMM-Newton, measuremenif the spectrakhapeof the
directnuclearcomponentss not easyfor Seyfert 2 galaxies,sincethe unabsorbedpectralshape
cannotbe obsenedbelow 10 keV. Therefore the resultsobtainedfor NGC 4388demonstrat¢hat
Suzakucanextractthedirectcomponentisa differencespectraor Seyfert 2 galaxies.
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Figure 3: HXD-PIN light curve of NGC4388. Top bt e =1
pané shavs a total court rate (red) and baclground
model court rate (green), and bottom panel shovs a
baclgroundsubtractedtourt rate(blue).
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Figure 4: Differencespectrabetween the high andlow
stateof NGC 4388 Best-fitmodelis a simpleabsorbed
power-law.

Extractionof only the direct nuclearemissionis importantto determinethe photonindex of
the power-law component.For Seg/fert 2 galaxies,determinatiorof the power-law photonindex
is somavhatdifficult for spectraffitting dueto complex absorption.In fact, simplespectrafitting
with one-zoneabsorptiongivesa flat photonindex, but measurementwith studiesof time vari-
ability recoversthe photonindex closeto the canonicalvalues;1.2 — 1.75+0.10 (NGC 4388),
1.5— 1.76:0.05(NGC 3516). Evenin the spectralfitting, consideratiorof complex absorption
gave 1.6 — 1.77+0.02for NGC 2110.Figure5 shavs adistribution of the power-law photonindex
of Seyfert 2 galaxies obtainedwvith Suzakuwy studiesof time variability or partialcoveringmodel.
Thephotonindex narravly distributesin therangeof 1.7—1.9 andthereis no significantdifference
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betweenSe/fert 1 and 2 galaxies. However, in the caseof Compton-thickobjects,the recovery
of photonindex might beincomplete.Anotherimportantis thatthe Fe-K narraw line oftendisap-
pearsn thedifferencespectraaswell asthereflectioncomponentindicatingthatthe narrav Fe-K
line comesfrom the distantmatterfar away from the nucleus. Spectraldecompositiorwith time
variability alsoopengthe studyof thejet emission Kataokaetal. (2007)[] extractedthejet steep
emissionwith a fastvariability from the disk emissionwith a slower variability for a broadline
radio galaxy 3C120. Sincejet emissionfrom radio galaxiesis not sorelatvistically boostedjt is
oftenhiddenby the disk emission.But it is importantto probethejet structureandunderstandhe

disk-jetconnection.
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4. Propertiesof reflectionor absoiption material

In thissectionwe describeheimprovedunderstandingf thereflectionor absorptiommaterial
obtainedwith Suzaku.Suzakucanconstrainthe Feabundancevell by usingboth Fe-K edgedepth
and reflectionhump, and sucha measuremenivas demonstratedyy Reereset al. (2007)[14.
Figureb shavs the Fe atundance®f reflectionmatter For Seyfert 2 galaxieswhoseFe-K edgeis
alsodueto the absorptionwe assumehe Fe abundanceof the absorbeto be the sameasthat of
thereflector The Fealbundancas in therangeof 0.6—1.2solar constraineanoretightly thanever,
andno evidencesof Fe supersolaabundance.Therefore|t is possiblethatthe pastreportsof Fe
supersolaabundancds dueto the apparentdeepedgeby the multi-layer absorption as seenfor
NGC 21100r theionizedabsorberFigure shavs the scatterplot betweerthe centerenegy and
the width of the Fe-Ka fluorescencdine. Thesequantitiesare alsodeterminedbetterthanever,
leadingto the constraintof theionizationstateof reflector The centerenegy narronly distributes
at 6.385—-6.40%eV, indicatingthatthe Fe ionizationis lessthan 10th. For somebright objects,
Fe Ka to KB line intensity ratio canbe measuredo give a similar upperlimit of ionization, as
demonstratedby Yaqoobetal. (2007)[29, Awaki etal. (2008)[1], and Shiraietal. (2008)[1g.
Theline width is mostly lessthan2500km/s, indicatingthatthe reflectoris at > 0.1 pc far away
from the nucleus.Apartfrom the narrov Fe-Ka line, broadFe-Ka line is alsoconfirmedin some
objects;MCG-6-30-15MCG-5-23-16 NGC 3516,and3C120.

TheSuzakuwvide-banchighsensitve obsenationsis advantageoualsofor studiesof Compton-
thick objects.Uedaetal. (2007)[23 foundthattwo Swift hardX-ray sourcegSwift J0136.6-4001
and Swift J0601.9-9636¥xhibit a Compton-thickabsorptionand a weak scatteringcomponent.
Consideringhe optical non-actvities of theseobjects they suggesthattheseobjectshave a geo-
metrically thick torus,by which mostof scatteringor reflectioncomponenarealsoblocked. Itoh
etal. (2008)[§ indicatedthat a large variation amplitudeof the flux anda broad-bandspectral
fitting requiresa reflectorwith a small solid-angleof a few < 1072 x 27 for NGC 4945. On the
otherhand,a strongreflectioncomponents detectedor Mrk 3 (Awaki etal. 2008)}{], NGC 4388
(Shiraietal. 2008)[19 andso on, andthustheseobjectsmight have a toruswhosegeometryis
typical. Suzakuhasobserned mary Compton-thickSeyfert 2 galaxies basednthe Swift/BAT and
INTEGRAL sources.Figure8 shavs an exampleof their spectrawhereit canbe seenthat the
scatteringor reflectioncomponenin the soft X-ray bandis often weakwith < 1% of the direct
emission.Thereforethegeometryof thetorusis indicatedto bevarioustypes;geometricallythick
like Swift J0136.6-4005nd Swift J0601.9-9636geometricallythin like NGC 4945. Othercases
also suggestghat the scattering/reflectiomomponentvarieswith somedelay against the direct
emissionandthe scattering/reflectiois occasionallyweak whenthe nucleusbeyins the activity
afterquiescenceln fact,along-termvariationof thereflectionfractionwasobseredwith Suzaku
andprevious obsenrations(Shiraietal. 2008)[18. Thus,Suzakuwill give usimportantnew infor-
mationon the propertiesof the absorbelandreflector
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