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 Intrinsic, ‘naked’ spectra of 
the central engine...
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IR shape --- in simple disk

opt. thick, thermal emis’n from each annulus
T determined by grad. of grav. potential 

unique spectral shape at long 

log 

fν ∝ ν+1/3



More sophisticated model...

the same long  limit, independent of 
various parameters

Hubeny et al. 2000
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FIG.13.ÈIntegratedspectralenergydistribution(inergss~1)fora lLl diskwithcosi\0.8,andforvariousvaluesofthemassaccretion M9\1,
rate(luminosity),rangingfrom(i.e.,yr~1)to L/LEdd\0.3M0\2M

_ (i.e.,yr~1).Solidlines:non-LTEmodels; L/LEdd\3]10~4M0\2~9M
_ dottedlines:LTEmodels.

luminosity)andvaryingblackholemass.Theenergydis-
tributionisprogressivelyshiftedtowardmoreenergetic
photonsforlowermasses,becausedisksaroundless
massiveholeshavesmallerradiatingsurfaceareas.The
non-LTEe†ectsareimportantforalldisks;forhotterones
thelargestdeparturesfromLTEareseenintheHeII

Lymancontinuum,andincooleronesinthehydrogen
Lymancontinuum.

Figure15showsthespectralenergydistributionfora
sequenceofdiskmodelswhichhavethesamedis- Teff(r/rg) tribution.Since
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thesamedistributionisobtainedformodelswithÐxed Teff Ifdisksradiatedasblackbodies,allthespectraof M0/M2.
thesequencewouldbeexactlythesame,onlyvertically
shiftedintheabsolutevalueoftheemergentÑux.Indeed,
thespectraaresimilarinthelong-wavelength(opticaland
IR)portionofthespectrum,buttheydi†erappreciablyin
theUVandEUVspectralregion.Inparticular,theLyman

FIG.14.ÈIntegratedspectralenergydistribution(inergss~1)fora lLl diskwithyr~1,cosi\0.8,andforvariousvaluesoftheblack M0\1M
_ holemass,rangingfrom M9,M9\32È0.5.

FIG.15.ÈIntegratedspectralenergydistribution(inergss~1)for lLl thepairsofwhichhavethesamee†ectivetemperaturedistribu- (M9,M0)
tion,andwhichshouldthereforehavearathersimilarspectrum Teff(r/rg), shape.ThecurvesarelabeledbythevaluesofSolidlines: (M9,M0).
non-LTEmodels;dottedlines:LTEmodels.

edgesofhydrogenandHeIIchangetheirappearancesig-
niÐcantly.Notethatthenon-LTEandLTEmodelsfor
lowerblackholemassesinthisÐgureareverynearlythe
same.Thisisexpected,astheaveragedensityoPM/M02
timessomefunctionofforradiationpressureÈ r/r

g dominatedannuli.HenceforÐxedoscalesasM~3, M0/M2,
implyingthatthelowerblackholemassmodelsinFigure
15havehigheraveragedensitiesandshouldthereforebe
closertoLTE.

Finally,inFigure16wepresentasequenceofmodels
withthesameSincewechosea L/LEdd.L/LEddPM0/M,
sequencewhereand(inyr~1)havethesame M9M0M

_ value;thecorrespondingAgain,theshapeof L/LEdd\0.15.
thespectrumisquitesimilarintheopticalandIRregions,
whilethereisaprogressivelylargerportionofEUVradi-
ationforlowerblackholemasses.Thenon-LTEe†ectsare

FIG.16.ÈIntegratedspectralenergydistribution(inergss~1)for lLl thepairsofwhichhavethesameThenumerical (M9,M0)L/LEdd\0.15.
valuesofandexpressedinyr~1,arethesame;theuppercurve M9M0M

_ correspondstothepair(32,32),andtheloweroneto(1/8,1/8).Solidlines:
non-LTEmodels;dottedlines:LTEmodels.Themodelswiththehighest

(withthehighestIR,optical,andUVÑux)havethelargestHeII M9 Lymanjump,andconsequentlythelowestÑuxforl[2]1016.
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UV/optical shape ?

significantly redder, but
need to sample long-enough 
but dust emission & host
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IR shape --- outermost region of disk

self-gravity gets important (Toomre Q~1)
disk truncated?

spec. deflection?
might happen at near-IR emitting radius 
(e.g. Goodman 2003)

fueling site?

log 



Ly 
edge

Balmer 
edge

???

Disk atmosphere - continuum edge
slope change near Lyman edge?

huge FUV deficit !?
foreground abs?

Balmer edge?

Shang et al.  2005



optical/near-IR spectral shape
asymptotically                    ?

outermost region of AD
signature for truncation? 

spectral edge features ?

‘Wish list’

fν ∝ ν+1/3



Excluding
torus and BLR emissions



Type 2s: BLR in scat. light

Pol PA --- perpendicular to jet axis
scattering outside BLR

Optical polarization

polarized flux

Type 2

total flux

Antonucci & Miller 1985



Pol PA --- // jet
scat. in equatorial region

Sy 1s: lines --- diff. PA & low P 
- e.g. Smith et al. 02/04

scat. region size ~ BLR size
see Lira et al. poster 

Type 1s: different pol comp dominates

BLR clouds

scattering region



No emission lines in pol flux !!

scat. interior to BLR, by e- ’s

fλ

polarized flux

Type 1

scaled 
total flux

Type 1s: in some quasars



Pol flux --- mirrors central engine spec, 
excluding BLR and torus  !

Balmer edge in abs. seen

fλ

polarized 
flux

scaled 
total flux

In this case, 

Kishimoto et al. 2003



Ton 202  
Keck
4C09.72  
VLT

3C95  
VLT

B2 1208+32  
Keck

3C323.1  
Keck

More objects...

similar Balmer edge

Rest Wavelength (A)

fλ

Kishimoto et al. 2004



Under the torus emission...



IR polarized flux seems to exclude torus !

Accurate near-IR polarimetry

Kishimoto et al. 2005

Ton202



IR polarized flux seems to exclude torus !

quite blue, 
consistent with

Accurate near-IR polarimetry

Kishimoto et al. 2005

fν ∝ ν+0.42±0.29

fν ∝ ν−0.54±0.08cf opt 

at J - K’

fν ∝ ν+1/3

Ton202



untruncated disk 
goes through 
opt. and IR 
points.

no indication of 
disk truncation ?

5 more obj being observed 
(Kishimoto et al. 2006 in prep)

Comparison to disk model
Kishimoto et al. 2005



Caveats

near-IR
other pol component ?
more objects to see systematic behavior

Ba edge
feature imprinted in scattering region?
BLR albedo calc. (Korista & Ferland 1998)



no PA rotation



Conclusions

‘Naked’ engine spectra are being revealed:
Balmer edge seen in abs, indicating opt 
thick, thermal emis’n.
IR shape quite blue, as expected from a  
std disk.

Something at least resembling a std disk 
seems to exist in the central engine.


