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Lecture 3- some examples

Circinus X-1 MERLIN

GHS1915+106

Cygnus X-1
GRS1915+015

Circinus X-1 Nebula Cygnus X-1 4cm radio
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P-Cygni profile in Circ X-1

Chandra Spectrum of Cireinus X-1
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Circ X-1 Nebula.

« 21 cm HI absorption indicates distance of 8 kpc, reassessed
to be ~6.5 kpc

» Close to the centre of a large diffuse radio nebula, outside
of a possibly associated supernova remnant G 321.9-0.3 —
moving at 500 km/sec if 10° yrs old

« Newly discovered wind from the X-ray source may drive
the nebula?

« Extended radio jets emerge from a compact object and curl
round after ~35 arc sec as though deflected by motion
through the ISM

« Nebula and jets emitting by synchrotron radiation (since
polarised)



Circ X-1 Nebula, Jets and

Compact Radio Source
ATCA Observations 2000-2001
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Low resolution image of the
nebula at 1.4 GHz, 300x larger
than the compact core on the right
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X-ray flare

11 days

Radio Observations over 11 days in October 01,
Core brightens then within 4 days the extended
emission also brightens. Higher resolution
observations at 8.4 GHz (L) show that the knots
brighten in order of distance from the core. The
apparent velocity is >20c



Circ X-1 compact source

« Radio flux decreased since discovery — <50 mJy in last 10

YIS
« 8 mJy compact source in centre found in 1995 with ATCA,
<] arc sec In size

 Further observations in 1998 showed a slightly extended
~2 arc sec jet on one side of the core, brightness ratio
suggested v>0.1c

» Recent observations (2001) show mildly relativistic
ejection of radio knots in a jet

 But knots brighten ~day or so after the core — suggesting
energy transport from core at a speed close to ¢ — with I
> 20, so b>0.9998c



Circ X-1 jet

Simple jet model:-

core knots Line of sight
shocks _——
/ AN
o

Jet velocity 0.9998c _ .
0.5¢c 0.5¢c



Shocks or Bullets

« Are the radio blobs we see
discrete clouds, like bullets,
moving through the ISM?

Or are they shocks in
a continuous jet?

1448




Are they triggered by
an explosive event In

the inner disk?

» [nstability In the accretion process?

« Magnetic switch — winding up of
magnetic field by the differential
rotation of the neutron star or black
hole results in an explosive release of
energy (Meier et al., 1997, Nature,
388, 350)

Or do shocks result from a small change In
the velocity of a continuous, relativistic jet?



Discrete blobs or Jets?

Yes!
We have both.
Cyg X-1 has a continuous jet

GRS 1915+105 has a small scale mini-jet ~
same size as that in Cyg X-1 (~30-50 au)

And has ejection of discrete blobs in flare
events.



Cygnus X-1

First persistent radio
emitting X-ray binary to

be discovered (Braes ad el
Miley 1971) ' ——
Primary identified with | =

star FiDE226568 AR AR | i
5.6 d orbit - gives vsin(i)[. . / (myrmp? 200
Inclination i~37° S

20-33 Ms for primary

(097 |ab) and 7-16 Ms Cygnus %1 HDE 226868

Brucato-Kristian Mz Mgz 5.5 My /Mg ~ 22

for Companlon A neUtron Hutchings &¢ &7 10 Ma/Mpe 18 16 <My /Mpe 23
star above ~3 |\/|S Must Sunyaey & &7 7.8 sMa/Mge 17 10 <My /Mge 22

collapse to a black hole. L= 10 <My /MMgs 2025 <y /Mg 35



Cyg X-1 - Radio emission
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Figure 3. The broadband spectrum of Cyg X-1 from radio to CiSaHe
optical wavelengths, combining our radio/mm data with the [SO- ;p- R (19 )
CAM observations of Mirabel et al (1996) and ground-based pho- F
tometry of Persi et al. (1989). It is clear that even without a high- B
frequency cut-off the flat spectral component will be dominated C
f oot . sob—
by the thermal emission from the OB supergiant at wavelengths n
of 30pzm or shorter. of . e . ‘
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400 JD-2450000 800 Mw

Figure 1. BATSE, ASM, optical, infrared and radio light curves for the full 2.5 years of our abservations (MID 50200-51100).

-a very flat radio spectrum out to >300 GHz, 5.6 d binary period seen in 15 GHz radio.



Cygnus X-1 —aradio jet In a persistent black hole

XRB
VLBA 8.4 GHz
August 1998 VLBA15GHz
-discovery of jet Showing compact jet
in Cyg X-1on ~3 mas long
~15 mas scale

(Stirling et al 2001)

(in low/hard X-ray state)



Doppler boosted jet?

4 A. M Stirling ee;, al. ' _
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15 mas = 30 au long jet

> 64 to 1 brightness ratio .«
for approaching/receding ;)
Jet. ws. |

If =0 gives fcos(@)=0.6 .

- - O -
Inclination 37° gives Y Y P T a '

c ¥ e - - L] 1] a - - 4 e AT 4 + a L 4 - ‘IIG EEINEL)
ﬂ:0178, ;_1159, Figure 2. VLBA and phased VLA images of Cygnus X-1 from August, 1998, at 8 GHz; lowest contour 0.1 mJy. Epoch A is on the le

ft
with peak fux density 3.7 mJy/beam and convolved with a Gaussian beam 2.88 x 1.19 mas in PA=-10.9, epoch B in the middle with
peak flux density 9.0 mJy/beam and convolved with & Gaussian beam 3.24 x 1,37 mas in PA=-20.b and epoch C on the right with peak

ﬂ(ap p are n t) : 1 . 2 5 . fiux density 7.7 mJy/beam and convolved with a Gaussian beam 2.76 x 1.56 mas in PA=-20.5.

At d=2.kpc this gives an expected 110 mas per day proper
motion in the jet

*But jet appears smooth — smeared in the ~8 hr long
observations, or instrinsically one sided?

*New VLBA observations in 2001 being analysed to try to
answer this



RXTE PCA GRS 1915+105 1896 October 6th
R e T e T S e R

GRS 1915+105 wominsee -
transitions in = £ _ il Ny
X-rays i
« Discovered by the WATCH all U v
sky X-ray camera on the B e T
GRANAT Russian satellite in
1992

TD 1998 Apr 11 2cm|

| VLBA observations
In the plateau state,
| Dhawan et al. 2000

 Bright X-ray flaring up to 103> W,
radio and IR flares.

« Complicated X-ray behaviour
arising from 3 basic states and
relating to radio Persistent radio
jet when in low/hard state, radio

flaring after plateau state in X- , J T8 Mey02 T
rays/radio o Al
28 i -35 i "“éﬁcs'c E I



GRS 1915+105 Radio Flaring

1 Merlin obs
» Monitored at 15 U] i
GHz with Ryle
telescope and With goo 2.0 m;i{; Pl :‘j QPO e Rad 7
R XT E N E R L if(}]&}ERLIN
c E i
e Qutburst in Oct ' i,
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1997 followed with
MERLIN

 VVLBI observations
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GRS1915+105 — blob ejection!

MERLIM

Radio GRE1915+105

Outburst:

5 GHz Merlin

Oct 1997

d=11 kpc,

v/c=0.98

0=66°
And again
In March
2001
(plus
another 7
Epochs)

NB the images have been rotated in the above



1994 and 1997 results compared

Contours: 1, 2, 4, ... 1024x 0.2 mJy/beam (x 0.6 for 27 March)

1994

e Mirabel &
Rodriguez

e Nature, 341,
46-48, 1994

* VLA observations

* 6 epochs

e A=3.5¢cm

e Component
velocities
(mas/d)

Happ = 176+ 04
Hree = 9.0 £ 0.1

eD=125+1.5
kpc

*v=0.92 +0.08¢c

e9=70=+2°

[=]

Leve = -2.8,-2.0,-1.4,-1.0, 1.0, 1.4, 2.0, 2.8,
440,58, 6.0 11.0, 16.0, 22,0, 32.0, 44.0,64.0

T 0.50

T 0.2

T 020

1

1997

¢ MERLIN observations
* 10 epochs
*v=4994.0 MHz
*)A=6.0cm

e Av=14 MHz

* Dual polarisation

» Component velocities

26y Mepp = 23.6 + 0.5 mas/d
% (<> Mrec = 10.0 = 0.5 mas/d

* 3cosO > 0.4c
.. 6<66° and
D < 11.2 kpc
* Hu region, G4546+0.06
= D > 8.8 kpc
s 02>62° and
v > 0.84c

*62° < 9 < 66°
*(084c < v < 1.0c
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K-Band Infrared Spectrum of GRS 1915+105 -0 I 0z 03 o_m P:azc (325«1) 07 08 09 T 11
(VLT ADIEE ISAAC) Velocity Curve of GRS 1915+105

ESO PR Photo 31b/01 (28 November 2001} © European Southern Observatory
ESO PR Photo 31c,01 (25 Novenber 2001) (VLT ANTU + ISAAC) © European Southem Observatory




Circular Polarization

« New radio observations with ATCA and with the
Westerbork array have found circular polarization
In SS433, GRO J1655-40 and in GRS 1915+105.

*Rapid variations seen N
*Evidence for low energy (10’s i ANURNEE v
Mev) electrons
* Linear polarization rotates as the Y SN
) . .E‘m Hﬂ,w-x_*\*/lf il J‘WIN i \fm
ejection evolves oY B
. el b I S

(Fender et al. MNRAS In press) 2| /\/-/ D
: _LP :\Li;;:;ﬂ_/l‘w ooooooooooo _



X-ray/Radio
connection

IR /radio flare follows

a change in the X-ray
state — perhaps the spike
signifies the start of an
explosive event, ejecting
an expanding plasmon.

X-ray spike
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GRS 1915+105

ERJI91a0:058 [][5] H1s07+057
AU 1905+ 0F

GRS 1915+105

Hannikainen (Helsinki), Mocoeur

Hannikainen (Helsinki),
Rodriguez (SAp),
Pottschmidt (ISDC)



- Fit PCA +
HEXTE
] + ISGRI + SPI :
RXTE / PCA April 2 (rev I'=2.94
>7) il - without PCA :
I'=3.5

(overestimation)

INTEGRAL /ISGRI

INTEGRAL / JEM-X

0.
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Further modelling needed!

Donor .

Accretion Disk

Black Hole

|
O

\/

Free fall Region

Artist’s Impression of the Binary System GRS 1915+105

ESO PR Photo 31a/01 (28 November 2001)
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Conclusions

Microquasars have lots of varied properties
showing extreme physical conditions

Origin of the radio jets is largely unknown

Why is the velocity of the ejections in GRS1915
(0.98c) and SS433 (0.26c¢) so constant?

What is the relationship between the persistent
mini-jets in Cyg X-1, GRS 1915 etc. and the large
scale ejections?

Are the high energy X-rays really from the jet —
Integral will tell us by comparing with radio In
multi-wavelength observations.



