Baby beams and jumbo jets:

Investigating the relation between microqusars and AGNSs
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Similar morphologies

GRS 1915+105, VLBA (Mirabel et al. 94) 3C273, VLA
.
-

GRS 1915+105, MERLIN

(Fender et al. 99)

Linear distance at 10 kpc (AU)
3000 2000 1000 (1] 1000 2000 32000
7527 M87, VLA

7537

3C120, VLBA

1@,

627

A e

763.

~

c1 czca

o 0
59 ®) @ij] @@\/ 0.15
N

300 200 100 0 -100 -200 -300
Milllarcseconds
Levs =-2.8,-2.0, -1.4,-1.0, 1.0, 1.4, 20, 2.8,
4.0,56,8.011.0, 16.0, 22.0,32.0, 44.0,64.0



log £, (dy)

Flat nuclear spectra

T e ;me particle spectrum
low-hard state sources, 7 . . . . . - -
' Fender 2000 1 . 5L b
I T particle powerlaw
: index
I 1 1@ i
_F]atfinvarted specirum sources g 'E
E g3 1354-66 =
0¥ 835-4 . 108 h
| 1 [}
3 EE
E '|ﬂ—1a 1 1 L 1

i o 1E 1740.7-2042 T LY. BT BT ST Y. ey
GRS ¥

;‘l?ﬁB—EﬁB:?"—i 3 =
L +___——'-I E
R : SynChrOtron synchrotron spectrum
T . powerlaw index 2 N
Frequency (GHz)
3G 120 I 4
. 100MHz HL_Som _mm TR
3C120, NED ]
g ]
- T
' - “t‘n.‘ 1 l ':zzl.- » E
» L ] . L ] .‘ 1|_._| é
L . 12
L E |
l; 8 !; lII\.':I 1‘1 1‘2

log v (Hz)



AGNSs are more radio loud than microquasars
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Opt. thin jets:
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Seclaed radic flux density (mdy)
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Accretion rate correlation
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Scaled X—ray flux density (Crab; 2—11 keV)
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Black holes in Galactic X-ray
binaries:

e X-ray radio correlation in
low/hard state
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Comparing AGNs and microguasars

motivation:
e |ets <> accretion

* jets from compact objects are

° . AGN & microquasars very

° AGN & microquasars very

° emission: no messy ISM-interactions
guestions:

* what produces differences?

® arejets at heart?

. dependence of flux on different parameters

(Mgh, M, & 0s, @)



The scale invariance Ansatz

parameters governing inner disk:

* Dplack hole mass \Y/

* accretion rate M= M / M

(black hole spin a ?)

Jet launched Iin the inner disk

= inner jet goverened by: M, m

(black hole spin a ?)



The scale invariance Ansatz

Universal process of jet formation:

)
no qualitative difference for different [VI
)
Jets are ©
)
only one scale: Ig
)
similarity variable: Xx= r/rg
)

write any quantity f as




Synchrotron emission from the core:

synchrotron theory:

: The integrated synchrotron flux

scale invariance: T e

Scaling of core radio flux with mass:

oln(F,) 2p+13+2a+6|n(¢8) 2p+3+ap+2« +6In(qbc) 5+ 2«
aln(M) p+4 oln(M) p+4 oln(M) | p+4

= F_ oc M




radio-mass dependence

disk mode: B’ £,

ADAF % %—% ~1.42—0.33cx
rad. press. M~ %—% ~1.42—0.33«x
gaspress. rh% M_l% 1871_2320( ~1.56—0.27
W, oc W, % %—% ~1.42-0.33«

1.42-0.33



radio-accretion

rate dependence
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A fundamental plane of black hole activity

» past searches: no clear radio-mass correlation
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A fundamental plane of black hole activity

past searches: no clear radio-mass correlation

should consider: Radio vs. X-ray & Mass: Merloni, Heinz, & DiMatteo 2003
| . . . . :
Mass accretion rate

ac 273 |

o GBH —

2-10 keV X-ray as
proxy of inner disk

Sample: ~100 AGNs
60 XRB observations
with measured masses:

log L, (erg s Ly

radio correlates with L
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mass X-rays 0.60 log Ly + 0.78 log M
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A fundamental plane of black hole activity

past searches: no clear radio-mass correlation

should consider:
NESS

2-10 keV X-ray as
proxy of inner disk

Sample: ~100 AGNs
60 XRB observations

with measured masses:

radio correlates with
mass X-rays

accretion rate
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Radio vs. X-ray & Mass: Falcke, Koerding, & Markoff 2003
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A fundamental plane of black hole activity

JJERERL[IEUMM |OogL, = 0.7/8logM + 0.6logL, + 7.33

Chisquare plot of correlation coefficients

consistent with

marg. consistent with jet X-rays

Inconsistent with efficient accr.

scatter: beaming weak
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Conclusions:

Scale invariant jets: robust scaling relations, independent of model

F o MEMrﬁEm ~ 427038 31.42+0.66

Measuring correlations: test accretion physics

Observational test finds: fundamental plane of radio-mass-x-rays

| o MO.78 LO.6
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consistent with inefficient accretion ( L, oc ir?),
marginally consistent with jet X-rays,
Inconsistent with



