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MMBHBH--σσ* * RelationRelation

(adapted from Ho et al. 1997b)(adapted from Ho et al. 1997b)

((Tremaine Tremaine et al. 2002)et al. 2002)??

••Continuity of Continuity of MMBHBH--σσ* * relationrelation
••Mass spectrum of seed Mass spectrum of seed BHsBHs
••Spectral properties of intermediate-mass Spectral properties of intermediate-mass 
  black holesblack holes



No Bulges!No Bulges!
NGC 4395NGC 4395

POX 52POX 52

Barth Barth et al. (2004)et al. (2004)

Moran et al. (1999)Moran et al. (1999)



Extreme X-ray VariabilityExtreme X-ray Variability

QPO (11 cycles)!QPO (11 cycles)!

Moran et al. 2005Moran et al. 2005

Moran et al. 2005Moran et al. 2005

17 17 ksks

•• x10 flux increase <2000sx10 flux increase <2000s
(Shih et al. 2003)(Shih et al. 2003)
•• Spectral break at Spectral break at ffbrbr=0.5-3 10=0.5-3 10-3-3 Hz Hz

(Vaughan et al. 2005; 100 (Vaughan et al. 2005; 100 ksks, , XMMXMM))



NGC 4395NGC 4395
POX52POX52

GebhardtGebhardt, Rich, & Ho 2005, Rich, & Ho 2005

Stolen from Stolen from BarthBarth

2005)

POX 52POX 52



From 153,000 galaxy + QSOFrom 153,000 galaxy + QSO
spectra in DR1 of Sloan. . .spectra in DR1 of Sloan. . .



Excluded galaxy-dominatedExcluded galaxy-dominated
Used HUsed Hαα

0.0281 < 0.0281 < z z < 0.194< 0.194

Greene & Ho (2004)Greene & Ho (2004)

19 objects 19 objects MMBH BH < 10< 106 6 MM
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ChandraChandra Observations Observations

•• 5 5 ks ks observations, 10 closest objectsobservations, 10 closest objects
•• 8 observed, 2 upper limits (GH05, GH10)8 observed, 2 upper limits (GH05, GH10)
•• 2/4 2/4 XMM-NewtonXMM-Newton observations observations
    (PI G. (PI G. MiniuttiMiniutti))

What will they look like?What will they look like?



SpectraSpectra
GH04GH04

ΓΓ=2.2=2.2
NNHH=4x10=4x102020cmcm-3-3

log (log (LL0.5-2 0.5-2 keVkeV) = 42.5 erg s) = 42.5 erg s-1-1

Observed Energy (Observed Energy (keVkeV))
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••Undetected by RASS, Undetected by RASS, 
  factor of 2-4 variability  factor of 2-4 variability
••Optically variable ~ 0.2 Optically variable ~ 0.2 magmag
(Morton, Greene et al. in prep)(Morton, Greene et al. in prep)
••H (2-10 H (2-10 keVkeV)/S(0.5-2 )/S(0.5-2 keVkeV) = 0.23) = 0.23

Real ?Real ?((e.g. e.g. Leighly Leighly et al. 1997, et al. 1997, Nicastro Nicastro et al. 1999)et al. 1999)

Greene & Ho in prepGreene & Ho in prep



GH14GH14

ΓΓ=2.26=2.26
NNHH=3x10=3x102020cmcm-3-3

log (Llog (L0.5-2 0.5-2 keVkeV) = 41.7 erg s) = 41.7 erg s-1-1

H/S = 0.23H/S = 0.23

H/S = 0.20H/S = 0.20

Observed Energy (Observed Energy (keVkeV))

GH02GH02

ΓΓ=2.4=2.4
NNHH=4x10=4x102020cmcm-3-3
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ObjectObject  H/S H/S
GH07 GH07   0.15 (  0.15 (ΓΓ~3)~3)
GH10  GH10    11
GH11 GH11    0.46 0.46

??

Greene & Ho in prepGreene & Ho in prep



XMM-NewtonXMM-Newton

GH12GH12

GH01GH01

MiniuttiMiniutti, et al. in prep, et al. in prep



Broad Spectral PropertiesBroad Spectral Properties

Strateva 
Strateva et al. 2005

et al. 2005
NGC 4395NGC 4395

Brandt et al. 2000Brandt et al. 2000
Williams, Williams, MathurMathur, & , & Pogge Pogge 2004 2004 

LLAGNs
LLAGNs

NLS1sNLS1s

NGC 4395NGC 4395

Seyferts
Seyferts

RLRL

RQRQ

Radio Galaxies
Radio Galaxies

PGsPGs

Terashima Terashima & Wilson (2003)& Wilson (2003)

••Soft spectral slopes, (Soft spectral slopes, (probabablyprobabably) variability, ) variability, SEDsSEDs, & , & 
Eddington Eddington ratios (median ratios (median LLbolbol//LLEddEdd~0.3) similar to NLS1s~0.3) similar to NLS1s
••What drives excess variance and What drives excess variance and ΓΓ??

Greene & Ho in prepGreene & Ho in prep

Greene, Ho, & Greene, Ho, & 
Ulvestad Ulvestad 20062006



FinallyFinally

Greene & Ho 2005d SUBMITTED!Greene & Ho 2005d SUBMITTED!

BarthBarth, Greene & Ho , Greene & Ho 
20052005

Greene & Ho 2005b,cGreene & Ho 2005b,c

If we want to understand the origin of the If we want to understand the origin of the 
MMBHBH--σσ* * RelationRelation, , 

we need to understand accretion physics.we need to understand accretion physics.
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FinallyFinally
0.40.4 dex dex

ββ=3.45 =3.45 ±± 0.12  0.12 

ΔαΔα==——0.170.17±±0.080.08

Greene & Ho 2005d SUBMITTED�Greene & Ho 2005d SUBMITTED�



Radio Power?Radio Power?

Stacked FIRST image of Stacked FIRST image of 
23 non-detections23 non-detections

ff20 cm20 cm< 0.09 < 0.09 mJymJy//bmbm

Greene, Ho, & Greene, Ho, & Ulvestad Ulvestad 20062006

1629+4254:  1629+4254:  ff20 cm20 cm=1.65 =1.65 mJymJy

TII objectsTII objects

GH04GH04



NGC 4395 (NGC 4395 (Sd Sd spiral)spiral)
D = 4.2D = 4.2 Mpc Mpc
MMBB =  =     17.517.5 mag mag

Barth Barth et al (2004)et al (2004)

Moran et al. (1999)Moran et al. (1999)



Selection (II)
1. Remove galaxy continuum with PCA from 1. Remove galaxy continuum with PCA from Hao Hao (2005)(2005)

2. Model HModel Hαα and select ALL Broad-line  and select ALL Broad-line AGNs AGNs with with zz < 0.35 < 0.35

Greene & Ho (2004)Greene & Ho (2004)

[S II] [S II] λλ6716, 67316716, 6731 HHαα + [N II]  + [N II] λλ6548, 65836548, 6583



ΓΓ=0.61, N=0.61, NHH=1.2=1.2XX10102222cmcm--22

Moran et al. 2005Moran et al. 2005
Moran et al. 2005Moran et al. 2005

Variable Spectral SlopeVariable Spectral Slope
See also:See also:
 Shih et al. (2003),   Shih et al. (2003),  IwasawaIwasawa et al. 2000 [ASCA], Lira et al. 1999, Moran et al. 1999 [ROSAT] et al. 2000 [ASCA], Lira et al. 1999, Moran et al. 1999 [ROSAT]


