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Introduction - X-ray Binaries
(Galactic source of relativistic physics: | '

In-falling matter is accreted and
emits thermal X-rays

Part of the in-fall is ejected, forming
a cosmic particle accelerator i
i.e. radio jets, superluminal
plasmons, TeV photons, etc.

Like AGN, but much smaller...

...50 evolutionary time scales better

suits the average Ph.D.
Credit: Dana Berry (CfA/NASA)



Introduction - GRS 1915+105

Fender et al. (1999) ' Mirabel & Rodriguez
MERLIN & (1994)
MERLIN :

GRS1915+105

Credit: Dana Berry (CfA/NASA)



Introduction - GRS 1915+105

Fender et al. (1999)
MERLIN

MERLIN

GRS1915+105

Superluminal motion

4 Mov ¢

» Apparent fast than light ejections

29 Oct ¢
30 Oct ¢

A good test of relativity

31 Oct g

y = PBsin@ ¢
" (1xBcosB) D

2 MNov ¢

3 Mov ¢

« Assuming a distance, D, of 12 kpc,
the true velocity is about 0.92 c.

4 MNov ¢




Evidenced for deceleration in the radio jet of GRS1915+105?
Miller-dones, J., Rupen, M., Fender R., Rushton, A., Spencer, R. & Pooley, G.

» There is a discrepancy in the proper
motion of the radio jet between VLBA,
MERLIN and VLA resolution scales.

» Simultaneous multi-resolution campaign
on a flare staring in 2006 February; Knot
ejections were measured as 17.0 mas
per day.

* No evidence for deceleration in jet
knots, beyond > 70 mas.

« Differential velocity jets/ejections appear
to be intrinsic.

Resolution

VLA

MERLIN

VLBA



Motivation

» The Rossi X-ray Timing Explorer (RXTE) and Ryle telescope (15
GHz) has now completed over a decayed of observations.

e It is now possible to do a comparative study between the X-rays
and radio over a long period (1996 — 2007).

* How does the long term radio behaviour associate to changes in
the X-ray state?

« How does the short (Intra-day) flares relate to the ejection of
superluminal ejecta?

* Does the polarisation change during outburst?



Introduction - X-ray behaviou

Highly variable on very short time scales.

Quasi-periodic oscillation (QPQO) believed to be associated with
disk instabilities. (Chen et al. 1997)

The “Plateau state”
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(Fender et al. 1999)



RXTE-ASM (2-12 keV

and Ryle telescope (15 GHz

HR2

Counts (per second)

Flux Density (mJy)
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Radio outburst rate

Between 1996 — 2007

“Major” events:
» Defined as greater than 100

Date (MJD) | Duration (days) 1o "a'ys Griz and lasting
50300 30 longer than 10 days.
50730 20 .
50900 110 Bl i)
51350 60 AR |
52300 150 * RXTE-ASM measured ~ 20
52700 150 counts / second.
53050 100 > GRS1915+105 outburst rate
53400 100 =1.3 /yr.




MERLIN 1.4/1.6 GHz observations

14 MERLIN epochs at 1.4 or 1.6 GHz between 1996 and 2007

Epoch (MDY Frequency/Array  [omp Fy— 3o Ims Ll LEiea: Frackon
(GHz) {mdy/besm) {mly) (mly) (mly/beam)  (mly) (%)
11007 Ocbober 31 (BOTED) -core 2.27 / VLBA 240+04 106+ 2 1z %01t %01l % 0.5t
Y1997 Ccbober 21 (50752) -jet 2.27 f VLBA 627 £04 22642 13 26401 5.6+0.3 2.5
11007 Ocbober 31 (BOTED) -core 8.3/ VLBA 235 £ 0.5 2341 14 %01t %01l % 0.5t
Y1997 Ccbober 21 (50752) -jet 2.2/ V1LBA 150 £ 0.5 65+ = 14 11401 47403 7.2
1998 June 9 (5O9TE) 1.6/ MERLIN 951402 1451+ 04 090 42401 9.5+0.3 £.9+0.2
1999 April 2 (512707 1.6/ MERLIN  221.740.1 2384403 16 0804+01  BEL0.3 15402
1999 Movember 18 (51500) 1.6/ MERLIM 1348404 221.3408 26 0.504+£01 68403 22402
1098 MNewember 22 {51604) 16/ MERLIN  21.1404 271407 0.8 %01t %01l % 0.4t
1999 Decentber 28 (51540) 1.6/ MEELIN  48.240.3 g0.1407 12 10401 127416 W10z
2003 March 6 (52704) 1.6/ MERLIN 223402 lz+0z 073 0.5+01 16403 52410
2003 March 25 (52722) 1.6/ MEELIN 1103 £0.1 1258401 042 21401 71402 5.6+0.2
2003 April 18 (52747) -core 1.6/ MERLIN =49402 1354404 0.2322 2.4+01 25402 26402
2002 April 12 (52747) -kt 1.6/ MERLIN 201402 00403 0822 12401 13401 £.5+0.5
2002 Juns 15 (52805} -core 16/ MERLIN 232404 414401 118 %01t %01l % 0.2t
2002 June 15 (528057 -3t 1.6/ MERLIM 505404 ET.5+01 118 6.1+0.2 76+04 119406
2006 Deceniber 24 (54092) 14/ MEELIN 1445 40.3 450+05 114 21401 77406 E3+04
2006 Decenber 24 (54092) 1.6/ MEELIN 1497 £0.7 1569412 17 15401 115405 TEdo05
2006 December 27 {54005) 14/ MERLIN 1774012 W0.7+05 069 %01t %01l % 0.5t
2006 December 27 (54005) 16/ MERLIN 1704012 2704£05 069 %01t %01l % 0.5t
2006 December 28 (BA06T) 14/ MERLIN 1994072 28+04 064 %01t %01l % 0.4t
2006 December 28 (BA06T) 16/ MERIIN 1224012 26.2+04 064 %01t %01l % 0.4t
2007 January 04 (54104 14/ MERIIN 1614072 210405 078 1t %01l % 0.5t

0.1
2007 January 04 (54104 1.6/ MERLIN 1z 402 122406 078 %011 %011 % 0.51




The large flare of 2003

Duration ~ 150 days.

Five MERLIN observations taken over this period.

2 T T T T ; T T T |
2003 X-ray: Colour/Hardness
18 : ; | P ‘ :
1.6 | .
" :
< 1.4 g
08
: k : : : X-ray: XTE-ASM (2-12 keV)
100 - i | i i i T
g |
& 80 ;
O .
3 ;
n H
g 60 -
) s
< :
3
Q '
o :

1 |
T T
} Radio: Ryle telescope (15 GHz) |
= A .
2 .
£ 1 i
z | ot : N | i |
@ 200 - 3 e / b : ; 3 i
o : : LoF vl ] j ‘ :
Q 150 4 . |
T 100 PR . L : ) L T
50 b A ! ; . P 4
A S : ‘ i ' e e A
0 foniht | I | I : L : 1k 1 3 it o i i
52700 52750 52800 5285

Date (MJD)




0.5

0.0

ARC SEC

—
B (2] oo} o
o o o o

Counts (per second)

n
o

ARC SEC

0.5

0.0

-0.5

&

X-ray: XTE-ASM (2-12 keV)

Radio: Ryle telescope (15 GHz) |

Date (MJD)




ARC SEC

0.5

0.0

0.0
ARC SEC

Counts (per second)

Flux Density (

200

ARC SEC

05

00

ARC SEC

05

0.0

-0.5

Radio: Ryle telescope (15 GHz) |

Date (MJD)

52800

5285




Conditions for superluminal ejection

Epoch of radio obs.  Plateau state? Soft X-ray Flare? Ejection?
1997 October 31 v v Plasmon
1998 June 09 v v Jet/Plasmon
1999 April 02 X X No
1999 November 18 X v No
1999 November 22 X v No
1999 December 28 X v Jet
2003 March 06 X X Jet
2003 March 24 v X No
2003 April 18 v v Plasmon
2003 June 15 v v Plasmon
2006 December 24 X X No
2006 December 27 X X Jet
2006 December 28 X X Jet
2007 January 04 X X Jet



Conditions for superluminal ejection

Epoch of radio obs.  Plateau state? Soft X-ray Flare? Ejection?
[1997 October 31 v v Plasmon ]
1998 June 09 v v Jet/Plasmon
1999 April 02 X X No
1999 November 18 X v No
1999 November 22 X v No
1999 December 28 X v Jet
2003 March 06 X X Jet
2003 March 24 v X No
2003 April 18 v v Plasmon
[ 2003 June 15 v v Plasmon ]
2006 December 24 X X No
2006 December 27 X X Jet
2006 December 28 X X Jet
2007 January 04 X X Jet



Identification of the X-ray progenitor?
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Epoch of
radio observation

Proper motion
(mas per day)

1997 October 31
1998 June 09
2003 April 18
2003 June 15

23.6 £ 0.5

21.6 £ 2.1
21+ 1.8

18.2+ 1.9
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Rotation measure found?

« How does the position angle change with frequency?

* Brown (2004) compared MERLIN data across 1650-1665 MHz:

Epoch: 2003 June 15 Epoch: 2003 March 06
RM ~ 2400 rad/m”2 RM ~ 2600 rad/m”2

B = BAED 2208 ] i I_




Position angle across the band

1
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Cbserved frequency (MHz)

Before calibration



Position angle across the

* Initially this was calibrated using
VLBACPOL.

* Due to the microwave link there
are additional phase error in the
cross hands
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Position angle across the band

* Initially this was calibrated using
VLBACPOL.

* Due to the microwave link there
are additional phase error in the
cross hands

» We corrected this channel-by-
channel using CLCOR and the
known PA of 3C286.

» Across the 15 MHz band no
rotation measure was detected
above > 600 rad/m”2
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Fractional LP increases with frequency

VLBA (originally presented in Dhawan et al. 2000)
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Core depolarisation

- MERLIN observations Core—2.6% | « A f
measured a large variation of . [ |
linear polarisation: < 1% — 14% Jei=516 % E @//
- Core depolarisation occurred &
during ejection. | u\ o
» One observation was
interleaved between 1.4 and
1.6 GHz, showing a slightly . i
higher LP at the higher |
frequency. g D
Core-<1% o -
Jet-12 % o ]
107\’ v o .
| @ e a




Conclusions

¢ Large ejections only occur following the plateau state and
short X-ray flares.

¢ No deceleration beyond > 70 mas.
¢ We believe to have identified the beginning ejection.

¢ When correcting for the right/left phase off-set across the
MERLIN band, we found no rotation measure.

# Core depolarisation occurs during ejection.

¢ Fractional linear polarisation increases with frequency.
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