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@j Why study X-ray binary jets?

Scale models of AGN

* Probes of jet launching

 How do jets couple to the accretion flow?
 What is their feedback effect?

Timescales proportional to compact object mass
« XRBs evolve on human timescales: unique probe
* Application to AGN (scaling relations)

_  Plotkin et al. (2012)
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CRAQ AGN on fast-forward

Less spatial resolution in R, higher time resolution
- Real-time jet evolution 0 50

V404 Cyg: O Me IEEREY
M-J et al. (in prep)”

M87: 6.6 x 10° Mg
Walker et al. (2008)
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C) Evolution of an XRB outb:Jrst
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@ Transient outbursts: discrete ejecta

Early work: bright sources Cyg X-3, SS 43
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(;) Frequency dependence

GRO J1655-40 | s o
- More variable at 3| 102

high frequency ']

- Smoothed and
delayed atlowv 32 3

. Classical e 1N
synchrotron bubble *°
. Some events ST 105
depart from model s = -

Not a single bubble

TJD (JD — 2440000.5) TJD (JD — 2440000.5)

— Unsurprising given Hannikainen et al. (2000)
VLBI images



(;) EVPA/RM evolution

GRO J1655-40 (continued)
« Stable initial EVPA

« B-field perpendicular to jet direction
« Late evolution
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+ Rapid initial RM evolution: local effects
- B-field realignment? e
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\Q) Rotator” events
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(;) Magnetic field alignment

Mechanisms for giving B parallel to jet axis

- Helical field
- Lateral expansion

. Te Ejecta
. V@IOClty shear suc o t @:>
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C) Spatial resolution

Polarised ejecta, depolarised core

Relative Declination (arcsec)
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(;) A sequence of discrete ejecta

3C405
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4995.200 MHz
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B-field aligned with local velocity

- Unresolved hotspot geometry?
— Shear/lateral expansion

35"

Declination (1950.0)

30"

Dreher et al. (1987) .

19h57Mags 488 478
Right Ascension (1950.0)

180
160+
140
120} .- |

.“\,.}--‘--}.‘.“ \ :.-' \ --.~" E_]et —

ARC SEC

B-field PA (degrees)

P s
-80
-100
-120 - y
140k L |- !
-160F —

-l 0 "-' ".' P
800 0.5 1.0 1.5 2.0 2.5

) Number of periods
Miller-Jones et al. (2008)

ARC SEC
I

T

B-field PA (degrees)

O




Q) Jets impacting ISM
XTE J1908+094

- PA swings indicate
structural changes

B: 56604.8

E:56607.8

C:56605.8
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(;) Jets impacting ISM

Flux Density (mJy)
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C) Circular polarisation in GRS1915

. g [Ty L Fender etal. (2003)
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\é@g Also GRO J1655-40, SS 433

- V evolves on a shorter timescale than |

- Higher fractional variability

- Sign evolves; realignment of field close to BH
- Possible causes:

- Faraday conversion of LPto CP__ Macquart et al. (2000)
— Synchrotron/gyrosynchrotron
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C) Hard state: steady, compact jets

Partially self-absorbed, conical outflows
- Directly resolved in several sources
- Flat or slightly inverted radio spectra
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@ Determining the quiescent jet axis

t

Han & Hjellming (1992) -+

1989 outburst of V404 Cyg %
- Significant LP detected
- PA stabilised during hard state
decay phase
- Alignment with jet axis?

S, (mJy)
1

. L I (t.;) l 1:49 TGHZ’ 4 S 4:9 GIHZ ‘ 1 L 8.'4 G‘Hz ’ 1 o 14:9 IGHZI B 70 B l 0 = 7o
g °r ! “ Jr{ 1.49 GHzl o otz | 8.4 GH 14.9 GHz]
§ <+ | +ﬁ + ﬂ + “A . ’* o — “ + 4
SR i B S A 2| L
o H—p st S ' f
AR il H 1 J’Wt[] ]
£ go
: i ¢ l :: L +':+*+ﬁ I {:
R N R (S
gy 0 e P |
° 76180 I 77I00 . 77|20 . 76]80 I 77L00 ‘ 77120 . 76180 , 77100 . 77lZO . 7SIBO l 771004 77120 , - P

NI | PR 1 B P | A 1 L
7680 7700 7720 7680 7700 7720 7680 7700 7720 7680 7700 7720
JD — 2440000.5

JD — 2440000.5



cm\ Determining the quiescent jet axis

VLBI in quiescence determines parallax distance

- Plot astrometric residuals o Meal 2009 |
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@ﬁ Tracking time-variable polarisation

Simultaneous multi-wavelength coverage
- Preliminary polarisation calibration at the VLA
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© Probe of the environment
Cyg X-1: jet emission propagates through wind
- Polarisation detected at $=0.5, but not at ¢=0
« Track around full orbit; RM probes wind
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\/c;) Polarization in NS XRBS

Circinus X-1 B -IEEEN IR

- High accretion-rate NS XRB B I I R P Y
Stable PA over 10 years s [ nasses [N SP S
A few percent LP 4 G Qo O
B aligned perpendicular to jet e NPA e
axis in ejecta — shocks? S =

- Core has B parallel to jet axis - - &% - -
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Q) Summary

XRBs allow us to study jets and jet/disc coupling
in real time

- Examine sequence of events

— Ejecta launching

— Shocks forming (internal/external)
- Typical LP fractions:

- ~1% in steady, compact jets

— 1-25% in transient ejecta
- A few cases with measured CP

- Use polarization as probe of jet structure, stellar wind

- Paucity of spatially-resolved polarization
— Sensitive VLBI arrays

— Techniques to deal with rapidly-evolving structure



