Jets in accreting objects: black hole and
neutron star binaries

Elmar Kording

Radboud Universiteit,

woensdag 13 oktober 2010



Outline

® The jet depends on the accretion state
® Radio/X-ray correlation
® Black holes

® Neutron stars

- ® Accretion rates and jet powers
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Accretion and jets

Images in the radio regime:

et power ;
Jet p One would expect points, but ....
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» Accretion power
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Tudose et al. 2008, Sterling et al. 2001, Crocker et al. 2007



Accretion states in
black hole X-ray binaries

X-ray binary
GX 339-4

black hole of
mass |0 Mo

508 600
Time in days

® All basic parameters of the black hole stay fixed:

mass, inclination, orbital period etc., except the
accretion rate.

® Study of the accretion disc/jet system under
evolution of the accretion rate
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Intermediate State
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Soft State
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Disc/Jet coupling in XRBs
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Accretion states in stellar accreting objects

Black Hole Neutron Star White Dwarf
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Kording et al., Science 2008
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XRB Monitoring of the neutron
star Aql X-|
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® Radio jet quenched when going into the
soft state as in black holes

JACPOT, Miller-Jones et al.
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......

Radio X-ray correlation

® [ight correlation
between X-rays and
radio emision (e.g.,
V404 5 orders of
magnitude)

X

=)
o=
O
5
S
o

H
o

. RadiO:Jet . 0.010 0.100 1.000 ) 100.000
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Gallo et al., 2003, Corbel, EK, Kaaret 08



The neutron star case

Hard state Soft state
(Thermal state)

® Neutron stars also
show correlated
radio/X-ray fluxes

® Slope and

normalization
different (NS have

| .4 vrs 0.6-0.7 for

BHS) ~ 0.0 - 1 10 . 100 . 1000 10*
X-ray luminosity

® Neutron stars a
less radio loud for
a given X-ray flux

Migliari et al. 2005



Steady spectrum of a scale invariant jet

A

* Conical jet

 Superposition of self-absorbed
synchrotron spectra at different
positions of the jet yields a flat
spectrum
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Steady spectrum of a scale invariant jet

A

Flat/inverted

Flux F,

* Conical jet

 Superposition of self-absorbed
synchrotron spectra at different
positions of the jet yields a flat
spectrum
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* Flat spectrum flux does not
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Empirical evidence for this model

* Radio luminosity follows the analytical
prediction
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» Difference of radio luminosity between
neutron stars and black holes may be a
factor 2.5 (without boundary layer)
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Kording et al. 2007



A."'.,

Inefficient accretion flows for
black holes

»

® Accretion rate measured via radio
luminosity

Neutron stars + intermediate
state black holes:

LXocM

efficient accretion disk
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J1iHardstateBH ® Hard state black holes:
» »» BH normalisation points
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inefficient flow as expected

® Radio/X-ray correlation (Gallo et
al.) translates to quadratic scaling

Kording et al. 2007
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Inefficient accretion flows for
black holes
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® Accretion rate measured via radio
luminosity

Neutron stars + intermediate
state black holes:
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inefficient flow as expected
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al.) translates to quadratic scaling

Kording et al. 2007
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Connecting X-ray binaries and AGN: TSRTLLER

The fundamental plane of accreting black holes
_fseszes S
S 50! oo | X-rays
O 45 igi I AN\
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Radio (Jet)
" Bett Fit e Edge-on projection of the plane
X-rays
N
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> Radio

Merloni et al. 2003, Falcke, Kording, Markoff 2004,
Kording et al. 2006
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Inefficient accretion in AGN

Fundamental plane can be
reformulated using accretion
measure:
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Kording et al. 2007



Gallo et al. 2005

Jet power limit from Cyg X-1

15 mas steady jet (VLBA)

Accretion measure yield upper limit on the total jet power!

Lower limit from the jet inflated “Bubble™ for Cyg X-1 and
other measures of kinetic jet power. This gives:
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Gallo et al. 2005

Jet power limit from Cyg X-1
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Accretion measure yield upper limit on the total jet power!

Lower limit from the jet inflated “Bubble™ for Cyg X-1 and
other measures of kinetic jet power. This gives:
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Gallo et al. 2005

Jet power limit from Cyg X-1

5-arcmin jet-blown bubble (WSRT)

Accretion measure yield upper limit on the total jet power!

Lower limit from the jet inflated “Bubble” for Cyg X-1 and Nl
other measures of kinetic jet power. This gives: |
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Jet dominated accretion flows

" At low luminosities the jet
power completely dominates
the radiated power

* Radiated power depends
quadratically on the
accretion rate:
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Kording et al. 2007
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Accretion states in stellar accreting objects

Black Hole Neutron Star White Dwarf
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Application: Cataclysmic variables have jets

Light-curve of the cataclysmic variable SS Cygni

. . V-Band
® Cataclysmic variables (a Visual

i ; VLA 8.6 GHz
type of accreting white MERLIN 1.4 GHz
dwarfs) have been used as a

counterexample to universal
jet emission

® Through analogy with X-ray
binary evolution:
Reproducible and variable
radio emission (a tracer of
the jet)
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Optical: AAVSO (Templeton) Radio: Kording, Rupen, Knigge, Fender,
Dhawan, Science 2008
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Back to black holes

- Swift J1753.5-0127

e Radio/X-ray
2  Swift J1753.5-0127 3o upper limits
C O rre I atl O n d O e S n Ot %a;aogzs;zloin Gallo et al. (2006): i
have a single track

A 4U 1543-47

m V404 Cyg

® GS 1354-64

V¥ GX 3394

V' GX 339-4, 3o upper limits

< 1E1740.7-2942

<I XTE J1118+480

# XTE J1550-564, 30 upper limits
* XTE J1550-564 +
X GRO J0422+32

C GRS 1758-258

® one track with 0.6

- Outliers, from Gallo (2007):
" & Swift J1753.5-0127
" 4 XTE J1720-318
P XTE J1720-318, 3o upper limits

® one consistent o
with slopel .4 (like |

" H 1743-322, from Jonker et al. (2010) and
. McClintock et al. (2009):

X detections
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Soleri et al 2010, Coriat et al. 2010



Efficient hard state black holes?

>

® Slope of |.4 expected if
one has an efficiently
accreting object (like
neutron stars)

0.6
inefficient

track | 4
efficient track

® Hard state objects are
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Black hole spins:

Two techniques:
relativisic lines Accretion disc fitting

ASCA: 1.2-10 keV
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compare talk by R. Narayan
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Jet power dependence on spins |

Compact Jet “radio normalization”: measure of the jet power after the
effects of accretion rate taken out
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Fender, Gallo, Russell 2010
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Jet power dependence on spins |l

Rapid ejections
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Spinning black holes power jets?

|. One or more methods used for measuring spin
are in error

2. One or more methods used for measuring jet
power /velocity are in error

3. Jet power and/or velocity are not related to BH
spin! (at least its not the dominat factor after
accretion rate and mass)

® Also supported by the fact that NS and BH
produce the same jet power for a given

accretion rate (EK et al. 2006)
Fender, Gallo, Russell 2010
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Summary

® Jets are an important aspect of accretion in general

® The main parameters of jets and accretion are the accretion
rate and accretion state as well as the mass and size of the
compact object

° Are splns nhot important at all or are we unable to estimate
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