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Why study accreting
stellar binaries?

¢ Well understood

¢ Richly varied: statistical samples
and fabulous individuals

— Many: repeating sources too
¢ Tie accretion to outflow
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BH/NS at low
lumInosities:
small & steaay



BH low Lx/Ledd

5. Corbel et al.: Coupling of the X-ray and radio emission in the black hole candidate and compact jet source GX 339—4

Low-hard state High-soft state L-H state  Off state

« MOST 36 cm

¢ High/soft X-ray I
state: R aem

¥ ATCA 20 cm

¢ Low/hard X-
ray. state (Up
tO NZO/O Ledd):

WIth lat/xising
SpEectrRuIm

800 days
GX 339-4
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BH low Lx/Ledd

¢ Low/hard state imaging

— Most are unresolved (e.g., A
V404 Cyg <1.4au, Miller-
Jones et al. 2009) 20 au

— [wo are small steady: highly v

collimated jets Cva Xl @ 1.86 ko
— Symmetry indicates Iow: beta {? Ve e 27,1%
(0.1 for GRS 1915+105) (Reid et al. 2011)

& SOome show lew, stable
INEaRFPOIN
» Emission IS synchretron

Stirling et al. 2001

Dhawan et al. 2000, ApJ, 543

GRS 1915+105 @ ~9kpc



BH low Lx/Ledd

¢ Radio scales R /Loy (10 M)
as FX0.7 o CX 339-4 (4 kpe)

@ XTE J1118+480 (1.8 kpc)

B4 (10 kpeo)
& 1E 1740.7-2942 (8.5 kpc)
¢ XTE J1550-564 (4 kpc)
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Neutron star binaries:

low Lx/Ledd

¢ Only low-B
NS XRBs
detected (in
ANY state)

¢ Radio x30
falnter at
given: Ly
— JOEes as
152 (Migliari
et al. 2004)

9 Only x40
AINEER N} Sefit
Stater (Migliar
et al; 2004)
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Atoll sources {including AMXPs):
v 4U1728-34

* Ser X-1

A 4U 1820-30

® Agl X-1, detections

© Agl X-1, 3o upper limits

= MXB 1730-335

< 4U 0614-091, detections

<1 4U 0614-091, 35 upper limits

< qu 3G limits

» IGR +5934, detections

~ IGR +5934, 3 upper limits
£ SAX J1808.4-3658

Soleri & Fender 2011



BH+NS, low Lx/Ledd

¢ More recent

Atoll sources {including AMXPs):

BH are also Rt Me-ds ey

C Agl X-1, 3o upper limits

= MXB 1730-335

< 4U 0614-091, detections

<1 4U 0614-091, 3 upper limits

< qu 3G limits

» IGR +5934, detections

~ IGR +5934, 3 upper limits
£ SAX J1808.4-3658

¢ Note A0620-
00:; 1e-8.5

ledd (Gallo
2007)
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BH/NS hard to soft
transtions:
[ast ejecta



BH state transitions

¢ Hard-to-soft (X-
ray) transitions
produce radio
flares
— Optically: thin

(falling synchrotron
SpEectral)

— Can e hgnly;
polarized

A: Radio/ X-ray Flares
1997 Oct 24 — Nov 08

4 VLBA observation

750 755
(MJD-50000) days

GRS 1915+105
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Dhawan et al. 2000, ApJ, 543



BH state transitions

”

J’JJJJJ’ g (often)
S O\-/\-/:) O<(\.) <‘_)\'/‘_)'r] VLBA 2c1
= 19981\/;&)/02

SUperiuminal) jets
— N.b. COrE re=

U

days
~ Recoralis V4641
Sgr: 0.4 arcsec/day o

10 AU/Mr = 1.4c




BH stat

¢ SOme remain
Drignt, with no T
gdeceleration

— GRS 1915+105
R
D roJd

APRIL 3, 1994

—

N0 @
i

SN
W)

V)
@ /(r_‘)

(SOMELIMES)

U

APRIL 16, 1994

10,000 AU




NS state transitions

o Very few NS XRBs have been imaged, even in
outburst

& X-ray/radio light curves seem similar (esp. Z
sources, e.g., GX 1742 Migliari et al.)

o Cir X-1 VLBI: sep'n about 1.6¢ @ 7.8 kpc

Miller-Jones et al. 2011



BH state transitions

¢ Some fade, then
without .

decelerating

— H1743-322 (with :
Ssynchrotron X=rays!)

— Note disappearance
Off COre...

H1/43-322
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Rupen, Midouszewski, & Dhawan



BH state transitions

¢ Others fade,
then re-
appear &
decelerate

— X1550-564
(with
Synchrotron
X=rays)

—Jnitial
PEta apPP2

DEC (J2000)

DEC (J2000)

-56d928m403
32s
36s

~56d28m40s
32s
363

—56d28m40s

Eastern X-ray jet

XTE J1550-564 Western X-ray jet

21 Aug. 2000

11 Sept. 2000

11 March 2002
s 51m0s 509s 58s

RA (J2000)

X1550-564
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Corbel et al. 2002



BH state transitions

VLA Images at 1cm

¢ Some are .,.

smothered at LT DL
birth ,

| 9Aug. 1998

| 23 Aug. 1998

". 30 Aug. 1288

| 5Sept. 1998
!

b
" .

X1748-288

Hjellming & Rupen
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NS state transitions

Radio Evolution of Sco X—1
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¢ Also see transverse
expansion

- o cf. Cir X-1: o, =217
Sco X-1 (Fender et al. 2003)



BH state transitions

o
~
-]
o

+ CI Cam had
no discernible P
jet at all

— KE of jet was
comparable to
Integrated
IUMINGSItY, of
entire outburst

(00021) NOISNIOSY LHOIY
'z EZARTS

gzrer o€rey Ley Ok er

Mioduszewski & Rupen 2004
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Not everything is a jet...

¢ Smothered
pulsar (pulsar
wind nebula) —
see Paredes
later teaay.
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BH/NS XRBs: spin

¢ Spin is not obviously important for

X-ray binary jets (Fender et al. 2010;
Migliari et al. 2011)

— put spin measurements are
controversial for BH XRBSs, and
observations are especially: sparse for
NS XRBS



\White dwarf binaries




Accreting White Dwarfs

Cataclysmic Supersoft . -
Variables (CVs) Sources SymbIOtICS

Size Small Medium Large

a




Cataclysmic variables:
non-magnetic
¢ SS Cyg —

— Dwarf nova VLAB6 Gl - o
. R MERLIN 1.4 GHz
— Non-magnetic

— Nearby
(100pc) &
PDright

¢ Unresolved
with VIEBA

¢ Also detected
\/S885 Sgr, but SS5'Cyg
not Z Eam
(higher Mdot) ¥
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Kording et al. 2008



Cataclysmic variables:
non-magnetic

¢ SS Cyg
broadly: fits
the state
transition/outs
loW: paradigm

¢ Not detected
IR UIESCERCE

Black Hole Neutron Star White Dwarf
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SS Cyg
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Optical flux in Jy
Kording et al. 2008




Cataclysmic variables:
Intermediate polars

o AE AQr (e.g., o
Dubus et al. 2007).

persistent with
flares

o 12235 Sgr

(Harrisen et al.
2010): optically-
ERIRr SYyNChKrotron
flares (tormia-IR)

V1223 Sgr

Harrison et al. 2010



Cataclysmic variables:
polars

¢ No emission
from Isolated
magnetic WDs

s AR UMa (230
MG), AM Her

— Persistent but
Variable

— Seen even in
|OW! aCCrELIon
state

AR UMa
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Mason & Gray 2007

¢ Suggest accretion STOPS outflow
in these systems! 29,



Symbiotics

¢ >5% have some
evidence for
collimated flows

¢ Often transient

¢ 10s of mas to 10s of
arcsec (10s tor 1000s
of au)

¢ 100s te 1000s kmys

¢ hermallV-pPewWeEred
SYNChROLHON




Symbiotics & Supersofts:
which give jets?
¢ Nuclear shell burning and not

¢ Close and wide symbiotics

o With and (mostly) without strong WD
magnetic fields

& Some associated with eutbursts (e.gd.
AOVaEe), Some not

» Some may. net have disks (SSS,
AOVaE)



Long—Term Optical Light Curve for CH Cygni

1995 1996 1997
VLA monitoring
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¢ CHI CVg: radie! jet correlated with

lack Off optical HICKERING (Sokoloski &
Kenyon 2003)



Symbiotic novae:
RS Oph

¢ Synchrotron shell
— /500 km/s

— Asymmetric — red
giant wind?

"""



Symbiotic novae
RS Oph

¢ Thermal jets power
the lobes 56 days
after explosion

= Is there a disk??

— Continuous flow for I
at least 1 month
after eruption

— Opening angle
<4degs
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Symbiotic hovae
V407 Cyg

PLot flle version 3 created 07-0CT-2011 10:52:14 PLot flle version 1 created 07-OCT-2011 10:52:49 FLM flle version 2 created 09-JAN-2012 20:23:30
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Mioduszewski et al.

o EVIEATA config at day: ~450
o AlignstwithreariyvaIvERIEIN






The radio revolution

o ALMA, JVLA...but also eMERLIN and
\V/LBA

- Imaging is essential

¢ \/ery wide bandwidths: Instantaneous
spectral indices



The radio revolution

¢ Sensitivity = time resolution

¢ Sensitivity = spatial resolution
& Sensitivity. = response time

¢ Sensitivity = polarization

¢ Sensitivity = different sources
— Neutron star binaries
—\White dwar biRaries

— Really test Importance off aceretion disk,
Centraliseurce; magnetic fields:..



The radio revolution

¢ Sensitivity = serendipity.
— Cf. V407 Cyg

— Spectral lines (masers, absorption) —
esp. With wide bandwidths

— SIAVvisible™ jets
— Unknown radio’ transients



New stuff

¢ [hermal flows: ALMA, but also JVLA
— radio recombination lines

¢ Winds from companions

— maybe from disks, a la SS433 (cf.
Blundell)

— Jet powers!
¢ SYncehrotreon tUrn-eVers
¢ \Waaaay, down in the jet



Stars are GREAT!




