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Accretion & Outflow are common.
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However: not all X—rays are from accretion
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And not all radio, even high T_b, 1s fromjets

Need VLB irmges — see exanples

—

Rethink BH accretion from nmol. clouds? Agol & Kami onkowski 2002 MNRAS 334



Exanpl es: bona fide microquasar jets
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Miffled jets; non-jets (pulsar nebulae)

LSI+61 303 vs. orbital phase
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M croquasars: X-ray binaries with jets.

e« XRB = NS or BH X-rays from hot accretion disk.

° maccretion E] wind capture ~1450 kKnown. Liu et al
. maccretion b:}/ &Fe Jobe overﬂow ~1 50. 2006; 2007

® j145-207% emit radio, mo&t[}/ transients, not affjet&.

e Bright, Fast, Close: Mdel systems for jet formation.

ggo&fect& fér controlled e,xJaerz'm ents e.g.
ﬁféct of&urﬁce vs. event horizon.

ﬁ&ure spin ofcomJoact ob:]'ect.

HMtter content of jet & disk wvia spectroscopy.

o Bvia cyclotron fines (Xray) Taraday, eman (radio)
Rselution in units of B hetter by 107y on AGN
(Ladio/Taray) ~ T 4, Figher 5y ~10"% in FGN

e Probe ISMyvia large—scale 1nteractions

e Radio: low obscuration; astrometry, PM parallax




Bl ack Hole X-ray

~ 20 dynanically
confirmed BH
systens

~20 candidates
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Figure 1

Scale drawings of 16 black-hole binaries in the Milky Way (courtesy of J. Orasz). The
Sun-Mercury distance (0.4 AU) is shown at the top. The estimated binary inclination is
indicated by the tilt of the accretion disk. The color of the companion star roughly indicates

its surface tem perature.

J. Orosz / Remillard & McClintock, ARAA, 2006, 44




Measurement of BH spin (High spin

a) Fit X-ray conti nuum of 1nner disk (high spin --> smll

b) Li ne profile distorted by
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Variable Accretion & X-ray State Changes

H1743-322 2003

X-ray Light Curve X-ray hardness vs. intensity
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State Changes: physical basis

GRO J1655-40
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Sample spectra of black-haole hinary GRO J1655-40 illustrating the three outhurst staves: steep

power law, thermal, and hard. Each state is characterized by a pair of pancls. Left panels show
the spectral energy distribution decomposed into three components: thermal (red, sofid fine),

power-law (Bue, daded line), and a relativistically broadened Fe Ke line (back, dotred fwe).
Right pancls show the PDSs plotted as log(y x P} versus logv. _
‘ "; .
10
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Radio flares at X-ray state transitions

GRS 1915+105

\/7| G.G. Pooley, MRAO




Steady jets 1n the low/hard state
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Nhking sense of the disk/jet coupling

Fender, Belloni & Gallo 2004 MNRAS, 355

A VHSIIS Fender, Homan & Belloni 2009, MNRAS
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Data/madel

Jet suppressed by disk w nd?

GRS 1915+105
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Hard state:
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Jet launch: MID simulations & Theory

Sinmul ati ons of MDAFs: Mignetic reconnection
magnetically dominated events trigger the jet

accretion fl ows. flares.

Meier & Nakamura, 2006, ASP Conf. Ser. 350 De Gouveia dal Pino & Lazarian, 2005, A&A, 441

Meier et al. 2001, Science, 291
Koide et al. 2002, Science, 292

Jets and Acceretion Flows Caronal
Wind
JET: v = (2GM/r, )'?
! ) T

RANSITIONAL FLOW

55 DISK

N\

S

= UINY

Figure 2. Equatorial view of the MDAF model of the platean state. Out-
side a radius of r,pp ~ 50rg.,y the model is identical to current concepts:

a Shakura & Sunyaev disk, trunecated at several hundred rgqp of so to a ge- . r e . : P . .
" e . h ; FER & Fig. 1. Schematic drawing of the magnetic field geometry in the inner
ometrically thick, optically thin ADAF. Interior to regepr 8 magnetosphere L . . . .
. . : . . : . disk region at Ry . The acceleration occurs in the magnetic reconnec-
develops, with accretion fow along strong field lines inward and ontward jet . .
tion site at the Y type neutral zone (see the text).

Howr.
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BH vs. NS: evidence for ADAFs & event horizons

a) BH L_x faint compared to NS at the same M dot.
b) BH L_Jet falls slower with Mdot than L_x (ADAF/RI AF).

* Jet emssion domnates L_X at very low M dot.
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Large-scale 1mpact — a jet plow through

e Interactions = Calorinetry &Densitonetry

A gt energy & comJoo&z’tz’on
i Qz‘t fz'fétz'm e, Jaartz’cfe acceleration - Xray J'eto"

d Mfeatinj

o Gomic ray acceleration

RADI O: SNR shaped by jet drill X-RAY: Gas supplied by stellar wind
with 10751 ergs energy supplied by jet.

Brinkmann et al 1996 A&A 312
Brinkmann et al 2007
W50 / $S433. V¢ vy
| ROsATPSPC"
| ¥

188
HILLIJY-EERM




ARC SEC

SS 433 - outflows everywhere

Bl undell et al 2001 ApJ 562 / VLBA 18cm 4
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Hot inner jet: X-ray lines

T 1078 K @r= 1071 cm, v=o.27c

Cold jet: optical lines by
107 R @r= 1075 cm, v=o.26c

X-ray lines downstream re-
heated by jet Z e K @r=10%7
Nieltiari,et; al 12002 SLieack 12958

Heavy mass loss (ring?)

hides binary parameters 1o
4 M/yr TR z200-300km/s

Try radio lines

Bl ufihed d fictn adas2 008, APpd LGB jets 7 0.26c =
1 ogf‘ @1 cm

. Fock- excited b:}/c]'etm as t/fey(p/ow tfroujﬁ?
Ay molecular fines?




X-ray knots contain TeV el ectrons

Radio jet / ATCA X-ray jet / Chandra
Eastern X-ray jet XTE J1550-564 Western X-ray jet
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o (qut;go- 560 f]are([ in 1998, ma“ource detected 6/"‘2(:)
o Xray & radioc Kknots seen in 2002, jrat[uafrf}/ decelerated.

o &(fz’o to Xa}/ &ync/frotron spectrum - - T Velectrons in Knots, jeneratetf l{}/ shock

interaction with M

° %71,6—}22.‘ another one, very sim ifar Corbel et al. 2005 Ap] 632

° %3/ do other J'eta‘ ﬁtfe in t[ay& ~this one [Jit up aﬁer 1,}/7‘&.7
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Muffled jets: circunstellar snnthering.

Recurrent Nova RS Oph Cl Cam
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Astrometry of X-ray bi naries

e VLB PM + optical radial vel = 3d notion

° ﬂ a%et a birth kick fike young Jauf&ar&?
* Gilactocentric orbit: disk, Falo or bulge pop. 7
o Gnstrain mass Joss in W

e Parallaxes ? Yes, with effort

o ggrent Jaofufation, m asSIve Jtarﬁrm z'nj rejz'ona‘, Eez'nj done. e.g. @é’z[et af

2009, %Jéy}.
e Feedback to detailed stellar evol uti on nmodels:
® GmJaact ob:]'ect ffprm ation and natal kKicks Wiem s et alzoos gl

625 ﬁajos et al. 2009 %Jéﬂj
e WVho predicted VLBI impact on stellar evol ution?




141\/([) BH kicked or stirred ?

15

GRS 1915+105 Astrometry 15
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BH formation by inpl os1o0on or expl os1on?

]
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Figure 7. Linear momentum (left) and kinetic energy (right) of the anomalous motion
of X-ray binaries as function of the total mass (compact object plus donor star).

° oﬁfff»rm ation without mmffoaion: Fryer & Kalogera 2001, ApJ, 554
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Using realtime VLB - 1

e Tineline: trigger > coordinate > propose > find
cals > record > correlate

o First stages - fix at institutional Jove/
e Calibrators: needed for phase ref + astrometry
* e new arrays o.g. FOAfor prefifter
* Gilactic plane, 4- 8 Q?:E
* Hat 107 tax on everyone 7
* eVLB can do quick cal search

® ~goo ?/Vﬁ&% 50m<j < 2c[ej separation.
?;Jaicaf{}/ > 30% &m%on{y 1+ 1% IOmJ m

IR Fetter: > 50% > 2m_§ @; G TLIZEW obel + 2005 A] 130.
Sﬁfter + JHe to E@wit/ﬁ'n 1 hr oftréyjer.
%2’([ scheme fér real- time obs uJo([ate

e VLBA 4 Gbps can use cals ~2m]y.

—
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Using realtime VLB - 2

J Trigger l ocation 'y be poor — arcm n.
e Need wmdefield irmging — reuse disks.

o Dsks @kome, data by fifer.

¢ Rcord corr cutput ~250 M s (615, 20 KTE)
* ~ FOVfr tmaging (~ T kr <10%7 smear)
o hernative to EWtinitial search.

e Adopt post-processing techniques from other
high data rate arrays (EVLA, LOFAR)

d Wfrojection
e mfuate rs

W defield VLB already being done:
e.g. Garrett et al 2005, ApJ, 619

25



S UMVARY

. A&croquasars provide safe amusenment to nost
brands of astro/physicsts

e VLB resolution & real-time nice to have

e (Coordinated responses are key to progress -

mke better use of existing tool s
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Jet birth

Radio images on 3 days at 3 wavelengths

2001  July 16 July 17 July 18
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Jocem X3




The data get even richer. ..

Disk — Corona — Jet interplay
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