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Jargon:  Microquasars are just “outgoing” 
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Black hole jets: similar across the mass scale?
(M

irab
el et al. 92,98)



XRB Behavior: The Hardness-Intensity 
Diagram (HID) — schematic view



XRB Behavior: The Hardness-Intensity 
Diagram — X-ray spectrum

(Done, Gierlinski & Kubota 2007)



XRB Behavior: The Hardness-Intensity 
Diagram (HID)— real data with states



Hard state:
= steady jetsHIM/SIM transition

= ballistic jets

XRB Behavior: The Hardness-Intensity 
Diagram — what are the jets doing?



So how does all this relate to AGN? 

Backing up, *should* this all relate to AGN??

For black holes with roughly the same spin, does 
accretion behavior scale predictably with mass/power?
➠ Accretion off single star vs. off central cluster/gas 
➠ Spin depends on formation/accretion history, and we 

don’t yet have a surefire way to measure it

➠ We don’t have a fully self-consistent theory of 
everything going on in accretion



So how does all this relate to AGN? 

Mass scaling makes testable predictions
The main effect of black hole mass difference will be in 
the timescales,  τdyn ∝ size ∝ M: 

τXRB ∼ week @ 10 M☉

τAGN ∼ 106 years @ 108 M☉ !!

If such scaling exists, consequences are grand:  some 
AGN classes could be “unified” in a HID of their own

➠ We can test this idea, by searching for trends 
discovered from XRB monitoring in AGN populations



Evidence that HIDs (or equiv. evolution) 
are universal to accreting sources 
There’s certainly reason to think AGN would also have an 
equivalent evolution/states.  NS’s and WD’s do!

(Körding et al. 2008)



Evidence that HIDs (or equiv.) are 
universal to accreting sources — AGN

For (cyclic)AGN, hardness is not the best diagnostic.  Körding et 
al. 2006 suggest “Disk fraction/luminosity diagrams” (DFLG)
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Characteristic timescales scale with black 
hole mass and inversely with Ṁ — PSDs

(Uttley, McHardy, et al.)

τB ∝MBH2/Lbol

>108 M 4×107 M 106 M



Hard XRB state ⇔ LLAGN, FR Is

Strong case on both empirical and theoretical grounds

“Fundamental plane of black hole accretion” linking radio 
and X-ray luminosities with black hole mass

Same physical models fit broadband data across the mass 
scale with the same physical parameters



XRB hard state — Radio/Xray correlation
(C

orb
el ea. 2000, 2003; M

arkoff et. 2003, G
allo ea. 2003)

Prediction of  jet 
synchrotron model



Mass scaling of jet break frequency
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XRBs: 
IR/opt

AGN: 
radio

νbreak ∝ Qjet 2/3 M-1

Expect same radio/X-ray correlation 
slope but AGN will have lower “normalization”
in X-ray luminosity, comparatively!



Fundamental plane of black hole accretion 
(M

arkoff et al. 2003, M
erloni,H

einz &
 diM

atteo 
2003, Falcke, K

örding &
 M

arkoff 2004, M
arkoff 

2005, M
erloni et al. 2006, K

ording et al. 2006)
Observed

Mass “corrected”



Modeling hard state XRBs

(Markoff  et al. 04-07)
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Modeling simultaneous data: hard state
(M

arkoff et al. 03, M
arkoff, N

ow
ak &

 W
ilm

s 05, 
M

igliari et al. 07, G
allo et al. 07, M

aitra et al. 08)



M81: Hard state equivalent (LLAGN)?
(M

arkoff et al. 2008)



XRB/LLAGN model comparisons

Parameter HS-XRBs M81 A0620 Sgr A*
M (M☉) ~10 7x107 ~10 4x106

R0 (Rg) 2—20 2.4 2—7 2.5

H0 (R0) 1.5* 1.5* 1.5*—2.8 1.5*

zacc (Rg) 10—400 144 3—1250 >104

pelec 2.4—2.9 2.4 2.2—3.4 >3.8

PL frac 0.75* 0.75* <0.75* <0.01

Te (K) 2—5x1010 1x1011 2x1010 1x1011

equip (1/β) 1—5 1.4 1.5 >10

L < 10-7 LEdd

(SM, Nowak & Wilms 2005, Migliari et al. 2007, Gallo et al. 2007, SM, Bower & Falcke 2007, 
SM et al. 2008, Maitra et al. subm., SM & van Oers, in prep., SM, Tramper, et al. in prep.)



XRB state ⇔ AGN Mapping?

?
LLAGN,
FRIs

?

?

FRIIs,
RLQ

Seyferts,
RQQ



Summary/Outlook
X-ray binaries seem remarkably like scaled down AGN analogs 
(despite many reasons they shouldn’t be...)

Faster timescales valuable for studying evolution that may relate/unify AGN 
classes, cast light on jet formation and physics
Need more complete multiwavelength AGN samples to compare with trends 
found in XRBs 
Need better theoretical understanding of state evolution (disk recessing?  
What’s the difference between the two kinds of jet ejecta? role of spin?!?)
Chandra is key (sensitivity/resolution) for both the above points!!
Big questions: what drives the timescale of the state transitions for XRBs/AGN, 
and how can we use XRB evolution to understand AGN cycles?  How can we 
know where on its potential cycle a given AGN is and what triggers activity?



What we’re up against: Cyg X-1
(M

ovie cou
rtesy M

. B
öck

, from
 m

on
itorin

g 
cam

p
aign

 by M
arkoff, N

ow
ak

, W
Ilm

s, et al.)



EXTRA SLIDES



XRB Behavior: The Hardness-Intensity 
Diagram — what are the jets doing?


